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DIVISION OF HORTICULTURE
EXPERIMENTAL FARMS SERVICE

Progrt:,ss Report—1934-1948

INTRODUCTION

The last report published by this Division appeared in 1936 and covered
the work for the years 1931 to 1933 inclusive. This present report presents a
brief summary of the work from 1934 to 1948 inclusive. During this period press
articles, bulletins, and scientific and technical papers have been released, so that
in these pages it is not necessary to do more than summarize much of the work
and refer to the more complete articles or bulletins where such have been pub-
lished. However, this report presents more complete details on certain projects
where the data are of more recent date.

The Division of Horticulture is one of the original Divisions of the Experi-
mental Farms System but over the long period of years since its establishment
it has undergone certain contractions and expansions, Originally the Division
concerned itself with the arboretum which, in 1911, was transferred to the
Division of Botany, now a part of Science Service. In the earlier days of the
Divisicn the work consisted mainly of variety testing and plant breeding. In
more recent years the work has been expanded to include fruit products, low
temperature research, certain phases of plant nutrition, histology, plant physiol-
ogy, and work with greenhouse crops. A statement on the present organization
of the Division will be found at the end of this report.

POMOLOGY

Winter Injury
M. B. Davis, D, 8. Biair, H. B. Cannon.

The period covered by this report (1934-48) began with one of the most
severe -and unusual winters in the history of the Division, viz., the winter
of 1933-34. During this winter much damage was done to fruit trees in this and
surrounding districts, while during the following season, 1934-35, a great deal
more injury became apparent as a result of the weakened condition of the trees.

In the provinces of Ontario and Quebec served directly by this Division,
apple production was reduced by 60 and 70 per cent respectively over the previous
five-year average. The injuries were of three main typés:

1. Injury to fruit and leaf buds;

2. Injury of the woody tissues above the main trunk and scaffold
branches, and

3. Injury to main crotches, lower regions of scaffold branches and trunk.

The most serious of these was type 3, where splitting and lifting of the bark
was so serious that many trees died or were so impaired in usefulness that repair
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Fig. 1--Badly injured trunk of tree.



Fig. 2—Hardy trunk, top-worked,
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work was almost impossible. However, some trees were saved by planting vigor-
ous seedlings at the base for later successful inarching and others by bridge graft-
ing. A survey of the Central Experimental Farm and growers’ orchards revealed
that where a variety like McIntosh had been top-worked on very hardy material
such as Hibernal, trunk and main crotch injury was limited.

Hardy Frameworking

Since injury confined to the top of a tree well beyond the main crotches is not
a major disaster, double-working, wherein a hardy stem builder or framework
is employed, would appear to be a correct avenue of approach to the winter
injury problem. As a result of the experience of 1933-34, growers were urged to
work a goodly percentage of new plantings on Antonovka, which at Ottawa had
proved to be about the hardiest variety on which sufficient information was avail-
able concerning its compatibility with the commercial varieties. This recom-
mendation has resulted in a good many thousand trees being double-worked, but
the majority have been worked on Hibernal, partly because of the greater ease
in getting propagating material and partly because it makes a more vigorous
tree in the nursery.

In 1935, a comprehensive tree building program was started at Ottawa
to study the performance of a wide range of stem builders and their compatibility
with the more popular commercial varieties of this area. Some sixty varieties
have been employed as stem builders in this test and the most promising ones
to date are evaluated below:

Hibernal—A very hardy variety of Russian origin, making vigorous
growth when young and produomg strong right-angled crotches. While probably
hardy enough, this variety is susceptible to sun scald to some extent and is not
resistant to fire blight, undesirable features in any stem builder. It has proved
compatible with all the standard sorts at Ottawa and has been the easiest of
all the varieties under test to train and top-work.

Antonovka.—Although not so vigorous as Hibernal when young, this variety
produces a good strong tree with reasonably strong crotches. To date it has
proved compatible with all the commercial sorts of Central Canada. Hardier
than Hibernal, resistant to collar rot, quite resistant to sun scald, and while not
immune to fire blight it is much more resistant than Hibernal. Of the better
known older varieties this is probably the best recommendatlon for a stem builder
from the hardiness standpoint.

M. robusta No. 5—A clone originated at Ottawa in connection with root-
stock studies. It appears to be perfectly winter hardy, very vigorous when young,
almost immune to fire blight at Ottawa, makes very strong crotches, is not
subject to sun scald and to date has proved compatible with the main varieties.
On account of its resistance to fire blight this variety is now being used for
Sandow.

Virginia Crab. —One of the most vigorous frame-builders under test. Pro-
duces very strong crotches, but is incompatible with Sandow at Ottawa. Since
other workers have found it to be selective as to its partners, Virginia Crab is
not being recommended as a frame-builder until more information is available.

Osman and Columbia —Extremely hardy and compact and so appear very
promising. Some trouble has been experienced with fire blight cankers on the
trunks of the Osman trees and although losses have not been great, this may
prove the limiting factor with this variety. No similar fire blight infection was
noted on the Columbia trees.



Methods of Hardy Tree Building

Censiderable attention has been given to the technique of hardy tree build-
ing. The best method is to force the newly planted trees into vigorous growth
in order to have an ample number of shoots for framework selection. Trees
handled in this manner are ready for top-working two or three years after
planting. Experience has shown that a pericd of two to three years for working
the trees over is more satisfactory than completing the operation in one year.
The low branches are worked over in the first year and the upper branches in the
subsequent years.

Fig. 3—MecIntosh in full bloom. MecIntosh top-worked on hardy crab.

Budding is the most economical method of top-working trees. This method

Surpasses grafting since it is not only quicker but also does not require

e storing of scions. The buds are inserted on the side or underside of the
48665—2



10

scaffold limbs approximately ten to twelve inches from the trunk. When the
buds are placed eighteen to twenty-four inches from the trunk, the branches of
the hardy frame builder tend to twist and split longitudinally. Cutting back the
scaffold limbs to the inserted bud causes many shoots to form behind the bud.
Only those shoots which are interfering with the growth of the bud should be
removed. In the hardy tree building investigations at Ottawa it has been

observed that the complete removal of these shoots appreciably retards tree
development,. ‘

In considering double-werking, the question of delayed fruiting naturally
arises. Results up to the present time with MecIntosh and Melba varieties
indicate that where Hibernal has been used as an intermediate, yields have been
as good as with those trees which were not double-worked. Other intermediates
included in this trial have apparently delayed fruiting in varying degrees. The
following Table 1 shows the cumulative vields up to 1948 of trees on Anis and
Antonovka roots, all of which were set cut in the orchard in 1936.

TABLE 1.—CUMULATIVE YIELD (POUNDS PER TREE) OF McINTOSH AND MELBA,
DOUBLE- AND SINGLE-WORKED ON ANIS AND ANTONOVKA ROOTS

Variety Intermediate . Root Yield
Ib./tree
Double-worked—

MelIntosh,..........ccocoiveinnn. Hibernal ............... 288-9
Melntosh. ...l M., baccata.,............. 185:2
Meclntosh......................... Antonovka.............. 1543
Melntosh........................0. Antonovka.............. PP 99-7
.............................. Antonovka............ .. 183-9

i 220-7

258-8

235-3

318-5

In a further trial set out in 1937 for the purpose of comparing different
intermediates or stem builders, differences in varietal yields are now apparent.
A summary of these yields in Table 2 again shows a higher yield in those
varieties where Hibernal has been used as the intermediate. Patten Greening
has given approximately the same yields as Hibernal while Anis and Antonovka
have to date apparently delayed fruiting somewhat.

TABLE 2~CUMULATIVE YIELD UP TO 1948 OF VARIETIES ON ANIS ROOTS WITH
DIFFERENT INTERMEDIATES, PLANTED IN 1037 °

Variety . ) Intermediate Yield
1b./tree
MelIntosh..........cov v, AniS.. ... 62-7
. Antonovka 135-9
Hibernal....................... 177-8
Patten Greening 180-2

LaWERI. ... 18-4
Antonovka 43-8

Hibernal.......... R A 114-9

95-2

21-3

10-7

43-6

35-6
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Apple Rootstock Studies

Practically all the commercial crchards in Canada have been propagated
on seedling rootstocks. ' :

In Central Canada winter hardiness of rootstock may frequently be an
important factor and as the only clonal rootstocks that have been available are
of European origin they have not been generally recommended for adoption
until such time as a hardiness reading could be obtained.

In 1938 a collection of the Malling stocks together with a few clonal
rootstocks originated at Ottawa were planted in an area where snow coverage
could be removed. After each snowfall the area was swept clean and this
procedure was continued for three years.

By the summer of 1940 (two years after planting) the roots of all the
English stocks were badly injured and in many cases were completely killed.
By 1941, two-thirds of the Malling stocks were dead and the remaining third
were very badly injured. A summary of these data is given in Table 3.

TABLE 3.—VEGETATIVE ROOTSTOCK WINTER HARDINESS TEST, 1941

Trees Completely
Reotstock Killed (a) Injury

Per cent

M.A.

NN PR=ONI=NNODOO
—
<

EREZES> 555
]

(a) Six trees of each rootstock.

Of the Ottawa originations one, namely, M. robusta No. 5, was completely
free of injury. On three others, Anis 46, 322 and 376, a trace of sun scald was
the only sign of injury.

On the basis of these results, the Division has hesitated to recommend
Malling stocks where root hardiness is essential. M. robusta No. 5, the outstand-
ingly hardy stock cof the series, has also proved highly resistant to fire blight
and collar rot. This stock roots very freely in the stool bed, grows vigorously
In the nursery, and to date has proved compatible with the main commercial
varieties. The stock is inclined to be a bit rough but if desired for frame-
working this roughriess may be largely eliminated by budding M. robusta No. 5
stock from the stool bed with M. robusta No. 5 buds.

Comparison of Vegetative and Seedling Rootstocks of Apples

Apple rootstock investigations have been carried on at Ottawa since 1937.
Results of the earlier investigations appear in “Present Status of the Apple
R(_)otst_ock and Double-Working Trials in Eastern Canada” by D. 8. Blair.
Seci. Agr. 20: 150-154. Oct., 1939. The present report presents some of the later

48665—2}
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results of the trials in which varieties such as McIntosh and Fameuse on
various rootstocks, including the Malling stocks and seedling stocks of Russian
origin, are compared.

Table 4 shows the average size of MecIntosh trees on three seedling root-
stocks and four Malling vegetative stocks, tcgether with a comparison of
Fameuse on Anis and EM. 1. As an index of tree size and vigour, the cross-
sectional area of the trunk has been used as the best single expression of these
factors.

TABLE 4—AVERAGE CROSS-SECTION AREA OF McINTOSH AND FAMEUSE TREES AT
FIVE AND THIRTEEN YEARS OF AGE

. Cross-Section Area
Variety Rootstock
5 Years 13 Years
Sq. in. Sq. in.
Melntosh.................. PR 25:9 116-4
24 -4 110-1
23-5 138-8
18-0 80-4
14-5 86-6
6-3 21-7
25.0 168-8
Fameuse............................. 27-6 1475
15-8 107-4

Table 4 shows that in tree size or vigour the MeclIntosh trees fall into four
general groups. The differences, although relatively small at five years of age,
are much more apparent at thirteen years of age. The most vigorous trees at
age thirteen are those on E.M. XII. In the semi-vigorous group, the three
seedling rootstocks, Anis, Antonovka and M. baccata, have shown similar
effects upon tree growth. Trees on Antonovka, however, are slightly smaller in
size than those on Anis or M. baccata. Little difference is evident between
EM. I and EM. II in their effect upon the growth cf the scion variety and both
may be classed in the semi-dwarfing group. The dwarfing habit of trees on
EM. IX is very pronounced when these are compared with trees of the same
variety growing on -other stocks. With Fameuse, the results are similar; the
trees on Anis seedlings being considerably larger than those on EM. 1.

Yields were recorded, and the cumulative yields are given in Table 5

TABLE 5.—~TOTAL YIELD PER TREE OF McINTOSH AND FAMEUSE TREES AT FIVE
AND THIRTEEN YEARS OF AGE

Total Yield per Tree
Variety Rootstock
5 Years 13 Years
Number '
of Fruits Pounds
MeclIntosh..............coooiiiiiat 19 258 -8
19 2353
28 194-9
27 1519
36 192-9
41 78:5
3 246-8
Fameure...............c.ooiiiianan. 8 201-3
20 144-0
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Rootstock effects upon the yielding ability of McIntosh and Fameuse trees
in early life are illustrated in Table 5. In the first five years, trees on EM. IX
were much more precocious than trees on either the other vegetative or the seed-
ling rootstocks. Some tendency towards early bearing was exhibited by trees on
EM. II, and, to a lesser extent, on M. baccata and EM. I. Trees on Anis,
Antonovka and E.M. XII were somewhat later in coming into bearing, particu-
larly those on E.M. XII. In general, there seems to be a fairly consistent nega-
tive relationship between tree vigour and precocity or early bearing. In other
words, the more vigorous the rootstock, the later the scion variety is in coming
into bearing.

At the age of thirteen years, the picture with regard to yield has completely
changed. The trees which were later coming into bearing have now produced a
greater crop than those which were more precocious. This is particularly evident
when the yield over the first thirteen years of trees on E.M. IX is compared with
vields produced by trees on Antonovka, Anis and E.M. XII. At the present time
there appears to be a positive relationship between the yield of MecIntosh and
Fameuse on these rootstocks and the vigour of the tree induced by the rootstock
(see Table 5).

Hardy Vegetative Rootstocks

It is felt that the only permanent solution to a satisfactory rootstock for the
commercial apple orchards in Canada, particularly those located in the colder
sections, i¢ hardy clonal stocks. Selection work within the hardy seedling root-
stocks of Russian origin, in an endeavour to find a hardy stock that will stool
readily, has been under way in the Division for some twenty-five years, but by
nature is slow in progress. It is necessary to find out first of all if the rootstock
1s hardy; second, if it can be readily propagated vegetatively, and third, if it is
compatible with the commercial varieties budded upon it. In addition, the resis-
tance of the rootstock to certain diseases, such as collar rot, must be established.

TABLE 6.—CROSS-SECTION AREA OF APPLE TREES ON OTTAWA VEGETATIVE
ROOTSTOCK SELECTIONS. TREES TEN YEARS OF AGE

Cross-Section Area
Rootstock -
MeclIntosh (¢) | Lawfam (a) Melba (b)
8q. in. 8q. in Sq. in.
49-4 65-1 52-4
39-4 41-5 627
56-9 58-8 60-5
85-8 98-6 92-4
62.2 58-8 68-8
77-8 77-8 81-5
92-1 71-3 98:2
86-9 84-2 75-4
82-3 73:5 72-8

(a) 8 trees of each combination.
(b) 6 trees of each combination.

The hardiness of some Ottawa vegetative rootstocks as measured by the field
tESt was given in Table 3. One measure of compatibility between scion and vege-
tative rootstock is the appearance of the growing tree; a second is growth or
Vigour, an index of which is the cross-section area. This measure of growth in
Trf,f varieties of ten-year-old trees on Ottawa vegetative rootstocks is given in

able 6.
_Table 6 indicates a fairly wide range of vigour between trees growing on the
Various Ottawa clonal selections. The rootstock effects illustrated here are not
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consistent with all three scion varieties. The Anis selections appear to have a
dwarfing effect upon all three varieties when compared with M. robusta No. 5 and
the mixed apple selections. The most vigorous growing trees appear to be the
three varieties on M. robusta No. 5 and M.A. 466 while those on Anis 322 and
Anis 46 are the least vigorous of these selections. M. robusta No. 5 is outstand-
ingly hardy (Table 3). The Anis selections are also very hardy and although
they have a dwarfing effect on the strains of the three varieties employed in
Table 6, the appearance of these trees indicates compatibility.

In 1947, some five thousand Antonovka and Beautiful Arcade seedlings were
stooled. From these, twenty-eight Antonovka and thirty-seven Beautiful Arcade
clones were selected on the basis of their ability to stool readily. These clones
. are being further processed for compatibility, hardiness and resistance to disease.
It should be stated that these and the foregoing experiments are necessarily long
range. Table 5 indicates how the yield picture changes, and there is always the
possibility-that compatibility may change suddenly with time. '



FRUIT BREEDING

Apples
M. B. Davis and D. S. BRlair

Apple breeding has been an important effort in this Division since its incep-
tion.

The eastern part of Ontario and the fruit regions of Quebec have in the
past been rather limited in their choice of varieties that were hardy enough to
withstand the severe winters of these regions. During the last twenty-five years
the recommended fruit list of these areas has, with the exception of MeclIntosh,
undergone a complete change. The new varieties that have been added include
Melba, Joyce, Hume, Atlas, Lobo and Cortland. The first five are Ottawa origina-
tions and Cortland is-a product of Geneva, N.Y.

There is still a need for a few more varieties. An apple earlier than Melba,
but of similar quality, would be desirable, and winter apples of acceptable quality
and hardiness are almost a must. The present breeding program is therefore
being largely concentrated on winter sorts.

Some New Early Varieties Under Trial

Apples earlier than Melba are now being distributed for trial. These are all
crosses between Melba and Crimson Beauty and three outstanding ones are 0-272,
0-274 and 0-277. They all resemble Melba in appearance and quality, but are
a little earlier than that variety, O-277 being the earliest.

0-244.—MclIntosh X Duchess, an improved Duchess type, fully as hardy as
Duchess, with much superior quality. While this apple does not size well enough
to consider it for commercial planting, it may prove of real value for home use
when hardiness is the limiting factor. Ready for picking in early September,

0-294.—~MeclIntosh X Fameuse, ripens a few days earlier than MecIntosh and
has the crisp texture and full flavour of the latter. It is an attractive apple of
commercial size and since it appears to be more hardy than McIntosh and is of
similar season to Lobo, it may be a useful substitute for that variety where more
quality is desired.

Varieties Later than Mclntosh

The search for a variety later than MeclIntcsh has faced many difficulties.
The combination of late maturity, good quality and hardiness is apparently
Tare. At the present time with over sixty per cent of all planting in this area
consisting of MecIntosh, the grower is faced with a difficult picking problem
and also a marketing problem. ‘

Several late varieties have been intrcduced for trial but none has shown
up sufficiently as yet to be recommended for widespread commercial planting.
The more important of these are evaluated below:

Lawfam.—Ready for picking a week to ten days after Meclntosh, which is
8 valuable feature. The tree appears to be as hardy as Meclntosh, is a good
8trong grower with good form and strong crotches. The fruit is very highly
EOI(})lured, very uniform, good quality and keeps somewhat longer than Mecln-
osh.
. Under some conditions it has proved a disappointment. In the first place
1t is very susceptible to magnesium deficiency, but this is easily controlled by

15
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adoption of recommended practices. In addition, however, it is a heavy feeder,
requiring considerably more feeding than McIntosh to enable it to carry a
crop. Under low nutriticn conditions it is a shy bearer while under a high
level of nutrition it tends to overbear and does not size up too well. This
latter point can apparently be controlled by the use of the various thinning
sprays. Still reccmmended for trial or for commermal planting in orchards
where it has proved suitable.

Linda.—Ripens with McIntosh so does not improve the picking problem.
The fruit is of good size, very highly coloured and if used after January 1 is
of excellent, aromatic, sprightly quality. An excellent keeper. The tree is
vigorcus, comes into bearing at an early age, but is not fully hardy at Ottawa
and should be top-worked on a hal dy frame builder. Recommended for further
trial.

Edgar—One of the newer Ottawa hybrids that follows Meclntosh in plck-
ing season. The fruit is of good commercial size, highly coloured and of very
good texture and quality. Its chief merit is that it has a longer season than
MelIntosh. Trees are equal to Meclntosh in hardiness but are slower to come
into bearing.

Sandow ——Undoubtedly one of the highest quality winter apples on the
market. The fruit is of good size and hlghly coloured. It may be picked two
to three weeks after McIntosh. The tree is susceptible to ﬁre blight. While
more winter hardy than Spy, it is not fully hardy at Ottawa so should be top-
worked on a hardy blight resistant framework. Like its parent, Spy, it is
susceptible to bitter pit in the early years or on trees bearing a light crop. At

“ present it is recommended for western and southern Ontario and for extended
trial when double-worked in eastern Ontario and Quebec.

Bancroft —To date this variety has proved to be almost the ideal variety.
The tree is a strong grower of good form, bearing at a young age, and appcars
to be fully as hardy as Meclntesh. The fruit sizes well, is highly coloured and
is an excellent keeper in cold storage holding first class condition until April 1.
Its quality, however, while moderately good is far below that of Sandow, Spy
or Mclntosh. But for this one point, it would be recommended as the winter
apple for eastern Ontario and Quebec. Despite this lack of very high quality
it may be the variety that will have to be accepted for some years to come.
Recommended for further trial.

Newtosh.—A high quality winter apple. Fruit is highly coloured with
firm flesh. Harvesting date about mid-October and keeps well until ApI‘ll
The tree resembles McIntosh in habit and hardiness. If this apple will size up
well under various conditions it should prove of distinet value. Worthy of very
extended trial.

0-2016 —The most recent addition to the late winter apples under trial.
The fruit is of good size and very attractive. It has superior keeping qualities
but is only medium in quality. The tree is cutstanding in growth and habit
and it fruits at an early age. It cannot be overlooked as a possibility where
hardiness is a requisite. Recommended for trial only.

Melba Sports—Several sports of Melba are under test at Ottawa. They
are superior to Melba in appearance, firmness of flesh, and keeping qualities,
but ripen a few  days later. Prcbably the significant feature of these sports
is that they show bruises less readily than Melba.
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Pears
A. W. 8. Hunter -

The development of improved hardy pear varieties in Canada is lagging
behind that of the apple by about fifty years. The well-known standard varieties
may be grown only in the milder parts of the country and most pears hardy
enough to be grown elsewhere are of little commercial value.

Five hardy varieties, named respectively Enie, Menie, Miney, Moe and
Phileson, have already been introduced by this Division. They are the result
of crosses made in 1916 between the hardy Russian sorts, Kurskaya and Zucker-
birn, and the standard varieties, Clapp Favorite and Flemish Beauty. These
varieties have found a limited acceptance in eastern Ontario and Quebec, but
there is still room for improvement.

"Breeding is being continued at Ottawa with the object of producing high
quality pears that are fully hardy, suitable for both canning and dessert pur-
poses, good keepers, and resistant to fire blight. Crosses are being made be-
tween the better standard pears, the five Ottawa varieties mentioned above,
and a number of hardy but otherwise less desirable varieties, seedlings and
species.

Fire blight, a bacterial disease caused by Bacillus amylovorus (Burr.) Trev.
18 very destructive in some years and on some varieties. Therefore, in order to
avoid the introduction of non-resistant sorts, the susceptible seedlings are being
eliminated by artificial inoculation in the seedling stage. This is accomplished
by sprinkling the seedlings with a suspension of the organism under conditions
of high atmospheric temperature and humidity.

STONE FRUITS
A. W. 8. Hunter

Cherries

Cherries, both sweet and sour, are not a commercial crop outside of the
milder parts of Canada. At Ottawa the sweet cherries cannot be grown at all,
and the best sour cherry varieties, although reasonably hardy in the wood, have
their flower buds killed in most winters (Davis, 1). Some of the hardy sour
cherries from northern Europe succeed quite well but their small fruit size and
acid flavour render them commercially unacceptable.

Numerous attempts have been made at Ottawa to produce improved hardy
cherries. In the sour cherry group, crosses have been mostly between the hardier
small-fruited varieties, and the resultant seedlings have lacked size and quality.

owever, a few seedlings from recent crosses between Montmorency and 0-241,
& selection of the hardy Russian variety Vladimir, give promise of considerable
Improvement and suggest that it may be possible to produce hardy sour cherries
that are equal in size and quality to Montmorency.

The situation with respect to the sweet cherry is less promising. There is
no closely related source of particular hardiness. Many unsuccessful attempts
have been made to cross the sweet cherry with the extremely hardy pin cherry,
P. pennsylvanica L., and the equally hardy chokecherry, P. virginiana L. Crosses
have also been attempted with the Nanking or Chinese cherry, P. tomentosa
Thunb., and with the sandcherry, P. Besseyi Bailey.

The cross, sour cherry X sweet cherry, may be made with ease, and a high
Proportion of the seeds obtained are viable. Since the sour cherry is a tetraploid
(32 chromosomes) and the sweet cherry a diploid (16 chromosomes) the seedlings
from such a cross are triploids (24 chromosomes) and are highly sterile. The
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triploids produced at Ottawa have had a hardy variety as the sour cherry parent
and many of them are hardy in both wood and flower bud. These triploids
produce an occasional fruit fromr which it can be seen that some tend towards
the sweet cherry and others towards the sour cherry type. Attempts to double
the chromosome number of these cherry trmlmds are des ribed in another section
of this report.

The seed of these triploids has been saved. Plump kernels were found in
about 30 per cent of this seed and 107 seedlings were grown. The chromosome
counts so far obtained on these plants run from 2x = 24 to 2x = 40, the majority
lé)ein.gda.n-euploids with intermediate numbers. None of these seedlings has yet

ruited.

P.fruticosa Pall.—Selection within this species has given some seedlings
with fruit up to three-quarters of an inch in diameter. This hardy bush cherry
s useful where the benefit of snow coverage is desired. However, the fruit is
very acid, and it is being crossed with Montmorency and other good quality sour

cherries in an attempt to improve the flavour and to increase fruit size but retain
the bush habit.

. P. tomentosa Thunb.—The Nanking or Chinese cherry is an attractive
ornamental plant. The fresh fruit is highly palatable and makes a fine jelly.
Large nu.nbers of open-pollinated seedlings have been grown. The best are
fully hardy at Ottawa and bear fruit up to two-thirds of an inch in diameter.
P. tomentosa will cross with P. Besseyi, but the hybrids have been less desirable
ornamentally and less productive than P. tomentosa. The fruit resembles
P. tomentosa in shape, but it is almost black in colour, little if any larger, and
sometimes flat and unpalatable in flavour.

New Varieties

The Ottawa cherry selections have not been widely tested, but they are
being propagated for trial and will be sent out as rapidly as possible. The most
outstanding appears to be 0-391 from the cross, Montmorency X 0-241. The
fruit is above medium in size and equal to Montmorenty in flavour. The tree
is still young but it has been completely hardy at Ottawa. A seedling of Vladimir,
0-241, is of interest because of its hardiness. This medium-sized sour cherry
rarely fails to produce a good crop at Ottawa. Three promising selections of
P. tomentosa are 0-311, 0-312 and 0-383, the first because of its very early
maturity and apparent great hardiness and the other two because of their large
fruit size. The P. fruticosa selections 0-381 and 0-382 are the best of this
species seen so far. 0-381 is a very heavy yielder of medium sized fruits. 0-382
is less productive, but its fruit is larger.
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Plums

This Division has engaged in- ‘the development of improved hardy varleties
of plums since 1890. The early work was confined largely to the growing of
open-pollinated seedlings of Prunus americana Marsh and P, nigra Ait. varieties.
Twenty-six of the better seedlings of this type are described in the Annual
Reports of the Dominion Horticulturist from 1901 to 1921. A few open-
pollinated seedlings of European varieties were also grown from which two
promising varieties, Carleton and Nepean, were obtained.

Since 1913, the plum improvement program has been based almost entirely
on controlled crossing. Records have been taken on 593 seedlings of known
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parentage, representing a wide range of intra- and interspecific combinations.
Twenty-six seedlings were selected for further testing. The following five
have been particularly promising:

Algoma, formerly 0-302, is a fair sized, very hardy cherry-plum from the
cross P. Besseyi X Burbank. Grenville (Burbank X P. nigra) is a large, red
fruited, early maturing, dessert variety. Three Wickson hybrids, at present
known by the numbers 0-306 (P. bokhariensis X Wickson), 0-308 (P.
bokhariensis X Wickson) and 0-3010 (Burbank X Wickson) are not quite
hardy enough for Ottawa, but are being distributed for trial in milder regions
because of their desirable fruit characteristics.

-y
L
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Fig. 4—Algoma (P. Besseyi % Burbank) is a hardy, good quality cherry-plum.

It is apparent from the results obtained that crosses between the Japanese
varieties and varieties derived from P. americana and P. nigra offer excellent
opportunities for the production of hardy, large fruited, high quality plums.
However, all varieties are not equally valuable as parents. Burbank was the
best of the Japanese varieties used, and an unnamed seedling of P. nigra, which
unfortunately was lost, was the best of the hardy plums. A wider range of
varieties is being used in present crosses to obtain more information on this
point. 3

The Japanese-native hybrids themselves have been disappointing as
parents. Selfed progeny was produced with difficulty and the few seedlings that
Were grown were not impressive, Backerossing to the native parent resulted in
seedlings that resembled the wild plum too eclosely. Many of the seedlings
from backerossing to Japanese varieties lack hardiness,

“The current plum breeding program is being centered mainly on Japanese-
Native crosses, but attention is also being given to other types of combinations.
Crosses between the Japanese-native hybrids and the Simon group of plums,
represented by Kaga, Superior and Toka, may be readily effected. The com-
bining of the two groups may give interesting results. The so-called “cherry-
plums”, hybrids between the sand cherry (P. Besseyi Bailey) and Japanese
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varieties, are extremely hardy and intermediate in habit between the two
parental types. The “cherry-plums” will cross with Japanese sorts and also
with the Simon plums, and they would appear to offer unusual opportunities
for improvement. An attempt is also being made to produce better hardy
European-type plums by making use of some of the hardy domestica material
that 1s available,

Filberts

The European varieties of filbert are not hardy in eastern Ontario and
Quebec. The male flowers are killed in most winters and the plant frequently
dies back to the snow line. However, the two native species, the American
hazel (Corylus americana Marsh.) and the beaked hazel (C. cornuta Marsh.),
are fully hardy in Eastern Canada. Selection within these two species has been
conducted at Ottawa since 1822. The fourth generation, consisting of approxi-
mately 750 seedlings, fruited in 1942. There was considerable variation in the
size of the nuts, thickness of shell, freedom from a scurfy pellicle, yield, plant
vigour, ete. Four of the best C. americana seedlings selected for further trial
had relatively large nuts with thin shells, clean kernels and a good flavour.
Propagation by layering has been attempted, but progress is slow. There was
little variation within C. cornuta, all the seedlings having rather small nuts.

Successful erosses have recently been made with some of tae larger fruited
better quality European-type varieties, using the C. americana selections as
the female parent. It is hoped in this way to develop hardy, good quality, large
sized filberts. Lo ‘

SMALL FRUITS

A. W. 8. Hunter

Strawberries

The primary objectives in the strawberry breeding program have been
increased yield, firmer fruit and more attractive appearance. It is upon these
that the commercial suitability of a variety depends. However, improved
flavour has not been ignored. Better early and late maturing varieties have
also been soucht. and recently considerable attention has been given to the
testing of seedlings for resistance to the more troublesome strawberry discases.

New Varieties

In the period 1933 to 1848, 92 new selections were distributed to experi-
mental stations and private growers for trial. Three of these, Tupper, Louise
and Elgin, have assumed some importance because of their late maturity.
King and Mackenzie, two early midseason varieties, are being grown to a
limited extent in some localities. Two recent introductions, 0-371 and 0-374,
are promising, but have not yet been properly evaluated. A number of newer
selections are undergoing preliminary tests at Ottawa.

The parentage of the above introductions is as follows:

Elgin Ettersburg 214 X Wm. Belt

King (Delecto X Cassandra) Selfed

Louise Ettersburg 80 Selfed '

Mackenzie Excelsior X Premier

Tupper  Ettersburg 214 X Cassandra

0-371 Fairfax X King

0-374 (Easy Picker X Ettersburg 80) X Fairfax.

The Value of Varieties as Parents
The determination of the usefulness of a variety as a parent and the value
of different parental combinations is an important part of the breeding program.
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In the past fifteen years, approximately 14,000 seedlings from 87 different com-
binations have been examined. A number of Ottawa varieties and selections
as well as varieties originated elsewhere have been used in these crosses. Some
of the outstanding features are presented herewith:

Claribel, (Ettersburg 121 X Cassandra), is a very firm fleshed, late matur-
ing variety of rather poor quality. In combination with Fairfax it produced a
high proportion of late, good quality, firm, attractive seedlings. On the basis
of the good performance of this combination a number of other crosses have
been made that will fruit in the next year or two.

Dresden, in combination with Fairfax and 0-371, was outstanding for large
fruit size, attractiveness and good plant vigour, but the flavour of most of its
progeny was rather insipid.

Fairfar has been an outstanding parent. It transmits to a high proportion
of its seedlings the chiloensis type of foliage, and glossy, well shaped, attractive,
good quality fruits. Many of the seedlings are a little dark in colour.

Geneva 7225 gives a good proportion of early maturing and high yielding
seedlings, but almost all are very soft-fleshed and many are susceptible to mildew.

Louwise transmits lateness but also deeply sunken seeds and soft flesh. In
combination with Elgin, extremely late seedlings ripening as much as three
weeks later than Elgin were obtained.

Premier produces seedlings whose general level is quite high, although many
have soft flesh and are susceptible to mildew. This variety is being used exten-
sively as a parent.

Valentine appears to be a good source of earliness. However, it is dark in
colour and produced mostly dark coloured seedlings when crossed with Fairfax
and Premier.

0-371 is not so good a parent as Fairfax. Many of its scedlings bruise easily
‘on the surface and are susceptible to mildew.

Disease Resistance

The development of resistant varieties by breeding is recognized as the
most efficient method of controlling plant diseases. Several foliage diseases of
the strawberry are frequently economically important in Canada. Of these
diseases, mildew (Sphaerotheca humuli (DC.) Burr.) is not a great problem from
the breeding standpoint since it is usually sufficiently prevalent to permit the
ready identification of susceptible seedlings in the field in their first fruiting
Year. Leaf spot (Mycosphaerella fragariae (Schw.) Lind.) rarely becomes
epidemic in the seedling plantation. Artificial inoculation at the small seedling
stage by a method developed by the Division of Botany and Plant Pathology is
used for the elimination of susceptible seedlings. Two other important diseases
are leaf scorch (Diplocarpon earliana (Ell. & Ev.) Wolf.) and leaf blight
{Dendrophoma obscurans (Ell. & Ev.) H. W. And.) but no attempt at artificial
Inoculation has yet been made with them.

It is becoming increasingly evident that many stocks of strawberries in
Canada are infected with virus and that this is responsible for the frequently
observed “running out” of varieties. The recognition of this fact has been
delayed by the failure of the commonly grown varieties to show readily identifi-
able symptoms. The effect of virus infection in these varieties is a varying
amount of dwarfing of the plants and suppression of runner formation, the end
result of which is reduction in vields. The recognition of the presence of such
Viruses is important in a breeding program because steps must be taken to prevent
the infection of seedling material. This is being done at Ottawa by isolation,
&creening, and protective insecticidal dusting.
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Leaf Hopper Injury

The feeding of leaf hoppers on strawberry plants produces characteristic
chlorotic areas at the edges of the leaves which are buckled and, in severe cases,
rolled downwards. Leaf hopper injury is ordinarily not a serious matter at
Ottawa, although the importance of leaf hoppers as a vector of virus diseases,
negative evidence notwithstanding, cannot be altogether disregarded.

In 1941, a very severe infestation of leaf hoppers at Ottawa provided an
opportunity to collect information on the relative susceptibility of a large col-
lection of varieties ‘and species in the plantings of the Division. The majority
were slightly to moderately affected, but some showed severe leaf rolling and
chlorosis and others were completely free or showed only a trace of attack.

The better known among the most severely attacked were:

Catskill Northstar
Crimson Glow ~ Shelton
Lupton Vanrouge

Among the varieties that were not attacked, or on which only a trace of
symptoms was found, were the following:

Aberdeen Louise
Chesapeake Nancy Lee
Culver Redwing
Daybreak U.S.D.A. 665
Eleanor Roosevelt F. chiloensis.
Elgin F. moschata
Fairfax F. vesca
Fairmore F. virginiana

Many of these varieties have the chiloensis-type foliage; dark green, thick,
leathery and hairy leaves and petioles. Only two varieties with this type of
foliage were rated higher than a trace and they were only slightly affected.
However, that this thick, tough, hairy leaf is not entirely responsible for lack
of leaf hopper attack is shown by the complete freedom of F. vesca and F.
virgintana, both of which have a soft, thin type of leaf. '

Inbred Strawberries

A program of inbreeding strawberries was initiated in 1919 using such
varieties as Parson’s Beauty, Magoon, Bederwood and Valeria. Many of the
lines showed rapid deterioration in vigour and fertility following selfing. Others
maintained good vigour, fruit size and fertility, even after six generations. The
purpose of this work was twofold: (a) to produce inbreds that might on cross-
ing together exhibit hybrid vigour, and (b) to produce strawberries homozygous
for certain desirable characteristies that could be used in breeding, the expecta-
tion being that the number of good seedlings would be considerably increased by
the use of such inbreds as parents. Virtual homozygosity for several characters
such as external and flesh colour, seed placement, firmness of flesh and plant
vigour was secured in some Fy lines.

Recombinations at the Fy, F, and Fjy levels failed to show any appreciable
improvement over the parental inbreds. This is probably not surprising in view
of the fact that hybrid vigour is less prevalent where self-pollination or a com-
bination of self- and cross-pollination is the rule than where cross-pollination
is obligatory. Also, in plants such as the strawberry, selection for such charac-
teristics as high vigour and high yield, which are largely the result of hybrid
vigour, has been perpetuated by asexual propagation. Jones and Singleton (4)
did obtain some promising selections from combinations of two inbred straw-
berries, and also from combinations of inbreds and named varieties, but they
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were unable to state that better results were secured than might have been
obtained from the crossing of ordinary varieties.

The use of homozygous inbreds as parents in combination with ordinary
varieties has met with some success at Ottawa, suggesting the possible value of
this type of breeding. A number of inbreds have been crossed with Fairfax,
a variety that is known to be a good parent. The results from most of these
“top-crosses” were indifferent, but one fourth generation inbred derived from
the variety Magoon produced a population that was uniformly very high in
plant vigour and freedom from mildew. It was also very uniform for medium
fruit size and medium yield. The carrying by inbreds of undesirable dominant
characters in addition to their desirable ones is a drawback that may complicate
their use in this manner, but that may be overcome by backecrossing. This is
being investigated. :

The inbreeding of strawberries is being continued with modern varieties.
The previous work was with inbreds derived from varieties most of which are not
now grown. It is possible that better results from top-crossing might follow the
use of inbreds from better varieties. In addition, if the solution of the virus
problem becomes too difficult by other means, it may be useful to have reasonably
homozygous strawberries that can be grown from seed for commercial use.

Interspecific Crosses

Crosses have been madg between Fragaria species with different chromosome
numbers. In 1935 severel octoploid varieties (2x = 56) were pollinated with a
variety of F. vesca {2x = 14). Approximately 700 flowers were pollinated and
163 fruits containing 2,788 seeds were harvested. Only 44 plants grew from these
seeds. Chromosome counts were obtained from root tips of 39 of these, with the
following results: ’

Diploids (2x = 14) . ...ttt 4
Pentaploids (2x = 35) ...... i, 26
Octoploids (2x = 56) ..o 9

The pentaploids are true hybrids and are highly sterile. They resemble
their octoploid parent, as would be expected, because of the preponderance of
chromosomes from that parent. The presence of diploids and octoploids in this
population cannot be explained with certainty. The octoploids are probably the
result of self-pollination and the possibility cannot be ruled out that the diploids
are mechanical mixtures.

_Pentaploid strawberries, although highly sterile, occasionally form a few
viable seeds following cross-pollination. Yarnell (5) has reported 63, 70 and 90
chromosome offspring from such plants. In 1939 several pentaploids were
selfed, and some were crossed with F. chiloensis and F. virginiana. The selfings
were entirely barren, but seedlings were produced from most of the crosses. The
Progeny of a cross with F. chiloensis and another with F. virginiana, a total of
ten plants, was examined cytologically. Six seedlings were 9-ploids and had 63
chromosomes. One was an octoploid with 56 chromosomes and three had approxi-
ately 45 chromosomes. The 9-ploids are apparently the result of the union of an
unreduced egg cell of the pentaploid with & normal pollen grain of the octoploid.
The 9-ploids are much like the pentaploids in appearance but they are more
Vigorous and show a trace of the foliage colour and texture of F. chiloensis and

. Virginiana respectively. All but two are fully fertile. The 45 chromosome
plants were all from the cross with F. virginiana and undoubtedly have arisen from
8 reduced egg cell of the pentaploid. They are all highly sterile and exhibit a
Marked resemblance to their male parent. The octoploid is fully fertile and shows
& close resemblance to the 9-ploids in fruit and plant characteristics so that it is

ighly probable that it is of the parentage claimed. It could have resulted from
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the functioning of an egg cell with 28 chromosomes. The pentaploid parent has
not been studied cytologically, but meiosis in similar pentaploids reported by
Ichijima (3), Yarnell (5) and Dogadkina (1) shows variation in association
at first metaphase from seven bivalents and 21 univalents, through almost com-

plete pairing (17 bivalents and one univalent) to the formation of varying propor-
" tions of quadrivalents, trivalents, bivalents and univalents. Therefore, the pro-
duction of a 28-chromosome gamete in such a plant would appear to be quite
possible.

Several crosses have also been attempted between octoploids and the hexa-
ploid (2x — 42) species F. moschata. Only one seedling has been obtained, It
has 49 chromosomes and is absolutely sterile. Unlike the hybrids reported above,
this seedling does not resémble the parent contributing the majority of its
chromosomes. As observed by others in similar crosses, it shows a marked
resemblance to F. moschata.

Parthenocarpic Strawberries

Parthenocarpic fruit production was induced in the pistillate varieties,
Louise, Portia and Simcoe, by spraying the blossoms with 1-0, 0-5 and 0-25 per
cent concentrations of indolebutyric acid, naphthaleneacetic acid and colchicine.
Some stimulation was also produced by dusting the pistils with powdered acenaph-
thene. The majority of the fruits produced were in every way typical for the
variety except that the achenes were small and non-viable. Parthenocarpic
development was also stimuleted in some untreated blossoms by applications to
other blossoms on the same plant. This work has been reported by Hunter (2).
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Raspberries

The raspberry improvement work at Ottawa has been directed toward the
development of varieties that are winter hardy and that are productive and
bear reasonably large, firm, attractive fruits with good flavour and freedom from
disease. Five seedlings from crosses made in 1926 and 1927 were named in 1943
following wide spread tests in Canada. Two others, still under introduction
number, have attracted some attention. These varieties, together with their
introduction numbers and their parentages, are as follows:

Gatineau (0-276) Lloyd George X Newman 23
Madawaska (0-272) Lloyd George X Newman 23
Ottawa (0-275) Viking X (Loganberry X St. Regis)
Rideau (0-262) Lloyd George X Newman 23

Trent (0-264) Newman 23 X Lloyd George

0-201 Newman 23 X Herbert

0-263 . Newman 23 X Lloyd George

The Lloyd George—Newman 23 varieties resemble Lloyd George in having
purple thorns on the new canes and in having thick-walled, conic-shaped berries.
Ottawa shows its Viking parentage especially in cane vigour and the appearance
of the fruit, but it is hardier than Viking. Gatineau, Madawaska, Trent and
0-263 are early maturing. Ottawa, Rideau and 0-201 are midseason varieties.
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Madawaska, 0-201 and 0-263 are particularly hardy. All are satisfactory for
freezing, and Madawaska is outstanding for jam purposes.

A limited amount of information on the relative value of different parental
combinations has been obtained. Most of the earlier breeding work of the
Division, largely intervarietal crosses between such varieties as Brighton, Count,
Cuthbert, Herbert, Latham, Newman 23, St. Regis and Sunbeam, resulted in
little of value. However, a marked improvement began with the use of Lloyd
George as a parent. The first crosses were made in 1926 and the combination
Lloyd George—Newman 23 was particularly outstanding. Lloyd George was
also crossed with several other varieties but with the exception of Lloyd George
—Latham, the numbers of seedlings grown were small. It is interesting to note
that of the 110 Lloyd George—Latham seedlings first selected only 1-8 per
cent survived beyond the second test and none was introduced for trial, but
that in the Lloyd George—Newman 23 combination, 267 per cent of the 202
first selections survived the second test. Nine were introduced for trial and
four were later named.

Small populations grown from crosses made in 1935 suggest the value of
combinations between Ottawa and the Lloyd George—Newman 23 varicties.
Three of these are at present being multiplied for testing. Similar crosses were
made on a large scale in 1948,

Mention should be made of the parentage of Ottawa. According to the
records, this variety is a seedling of Viking from pollination with 21-19-06, a
seedling from the cross Loganberry X 8t. Regis. The latter is one of a group of
Loganberry—raspberry hybrids, all of which failed to set fruit under field con-
ditions. Several of these hybrids were crossed reciprocally with Latham, New-
man 23 and Viking. When used as the female parent, some fruit was formed but
no seedlings were obtained. When used as the male parent, small populations
of seedlings were secured in every case, but sterilitv was high except where
21-19-06 was used in which case 87-3 per cent of the seedlings were fertile.
Unfortunately this plant is not now in existence, and no cytological examination
was made at the time. Two similar hybrids, one Loganberry X Fillbasket and
the other Loganberry X Washington, are both tetraploids. This corresponds
with the findings of Thomas (1) who suggested that such seedlings contain
two homologous sets of seven raspberry chromosomes and two non-homologous
sets of seven blackberry chromosomes. The variety. Ottawa is a diploid; it is
fully fertile, and it shows no trace of Loganberry characteristics. If it is of the
Parentage recorded, and there seems to be no reason to doubt this, it must have
arisen through the functioning of a pollen grain of 21-19-06 containing seven
raspberry chromosomes. In the absence of cytological evidence, the mechanism
of the formation of such a pollen grain can be only a subject of speculation.

Disease Resistance

As a preliminary step in the breeding of raspberries for resistance to disease,
a survey was conducted in 1943, 1944 and 1945, in co-operation with the Division
of Botany and Plant Pathology, of the varieties growing in the plantation of
e Division of Horticulture. The main part of this plantation was a randomized
and replicated trial of the 13 varieties, Chief, Gatineau, Indian Summer, Latham,
dawaska, Marcy, Monroe, Newburgh, Newman 23, Ottawa, Rideau, Taylor
and Viking. This was surrounded by guard rows containing a number of other
Varieties and seedlings. The following diseases were considered:
mosaic—virus
leaf curl—virus
late yellow rust—Pucciniastrum americanum (Farl.) Arth.
leaf spot—Septoria rubi West
powdery mildew—Sphaerotheca humuli (DC.) Burr.
anthracnose—Elsinoe veneta (Burkh.) Jenkins
spur blight—Didymella applanata (Niessl.) Sace.
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The severity of the fungous diseases varied from year to year. In general,
infection was heaviest in 1943, followed by 1945 and 1944 in that order. This
plantation was not sprayed with a fungicide.

Mosaic—Chief, Cuthbert, Latham and Ottawa were the most severely
affected and the disease spread quite rapidly in these varieties. Many other
varieties had one or two affected plants, but the disease did not become wide-
spread. Herbert, Indian Summer, Madawaska, Marcy, Milton; Tahoma, Trent
and Washington showed no mosaic symptoms in this plantation.

Leaf Curl.—Only one case of leaf curl—in the variety Marcy—was found
in the whole plantation. In this plot, the disease spread at the rate of one plant
a year. .

Late Yellow Rust.—This disease was most severe on Ottawa, some plants
being almost completely defoliated in 1943. Viking, a parent of Ottawa, is
moderately susceptible, and five out of ten seedlings with Viking ancestry exhibit
some degree of susceptibility. Chief, Latham, Newburgh and Newman 23 showed
a trace to slight infection in most years. All other varieties were completely free.

Leaf Spot.—This was not a particularly important disease, most varieties
showing a trace to slight infection. Gatineau, Rideau, Taylor, Trent and Wash-
ington were moderately susceptible.

Powdery Mildew.—Ottawa is quite susceptible to this disease, infection
varying from a trace to very severe depending upon location and season. Latham
is slightly susceptible, and a trace was sometimes found on Viking. Powdery
mildew was not *found on any other variety. '

Anthracnose~—All the Lloyd George—Newman 23 hybrids were moderately
to highly susceptible to anthracnose. These included Gatineau, Madawaska,
Marcy, Rideau, Taylor and Trent. However, the most susceptible variety was
Washington. Tahoma was also moderately affected. No variety was completely
free from anthracnose, but Chief, Latham, Monroe, Newburgh, Newman 23,
Ottawa and Viking showed only slight infection.

Spur Blight—The most susceptible varieties, Madawaska, Rideau z;,nd
Taylor, have Lloyd George—Newman 23 parentage. Other varieties of similar
parentage such as Gatineau and Marcy were only slightly to moderately suscep-
tible. Spur blight was found to some extent on all varieties:
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Black Currants

One of the most pressing needs in currant improvement has been resistance
to white pine blister rust (Cronartium ribicola A. Fisch.). This disease is impor-
tant because of its effect on currants, and also because of the menace of diseased
currant plants to white pines. A search was begun in 1935 in the plantings of
the Division of Horticulture for a source of resistance to rust. This was foun
in a seedling of the black currant species Ribes ussuriense Jancz. from Siberia,
and in the red currant variety Viking, both of which are completely free from
rust at Ottawa. The F, from the crosses between R. ussuriense and the suscep-
tible varieties Boskoop Giant and Kerry was completely resistant to rust with
the exception of a few seedlings from accidental self-pollinations that occurre
where the female parent was a susceptible variety. These results have been
reported by Hunter and Davis (4).

Ten ¥, seedlings were selected for trial on the basis of resistance to rust,
yield, size of berry, length of fruit cluster and evenness of ripening. Two ol
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these selections, 0-381 and 0-393, both from the cross R. ussuriense X Kerry,
were widely distributed in Canada in 1945, and in the years following, to Domin-
ion Experimental Farms and Stations, provineial horticultural stations, agricul-
tural colleges and schools, and to numerous private growers. Plants were also
sent to England, Ireland and Scandinavia, and to several state and federal
instituticns in the United States. Revorts have been received from the majority
of these co-operators and in no case has rust been found on either variety, although
the disease was usually abundant on plants of standard varieties growing nearby.

Fig. 5— (Left) Variety susceptible to white pine blister rust. (Right) Resistant variety.

Continued and careful observation at Ottawa over the period from 1941 to
1948 has failed to show any sign of rust, notwithstanding the fact that these
Plants have not been sprayed with a fungicide during that period. Hahn (2)
reported inoculation experiments on 0-381 and 0-393 and stated that under the
conditions of the test both varieties “appear to be truly immune from blister rust
In the nice sense of that term, i.e., completely free or exempt from rust”. In view
of the reported freedom from rust throughout the wide range over which these
Varieties have been tested, it appears likely that they are resistant to all strains
Of blister rust, if such strains exist, (see also Hahn (3) ).

Ottawa Yield Trial on Rustless Currants

In 1945 a yield trial was laid down at Ottawa consisting of the ten rustless
s<31_ect10ns, 0-381, 0-382 and 0-391 to 0-398 inclusive, and the standard varieties
h'llmax, Kerry, Magnus and Saunders. On the basis of the first full crop

arvested in 1948, 0-381 and 0-393 are two of the highest yielding rustless
Varieties and they are equal in yield to Climax and Magnus, but slightly less
Productive than Kerry and Saunders. These relative positions may be altered
¥ further crop yields.

Jam ana Jelly Tests

i All ten rustless selections and the standard variety Champion, were made
to jam and jelly by the Fruit and Vegetable Products Laboratory in 1948. The
Ustless varieties made jams that were slightly stronger in flavour than Cham-
Plon, but that were in every way acceptable products. Jellies from the rustless
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varieties were practically indistinguishable from jelly made from Champion.
There was very little difference between jams and jellies from the several rustless -
varieties.

Vitamin C Content

Strictly comparable data on the vitamin C content of rustless and standard
black currant varieties are not available, but the range for rustless varieties
appears to be from about 130 to 180 mg. per 100 gm. The standard varieties vary
between 160 and 280 mg. per 100 gm. Of the rustless varieties, 0-381 and 0-393
were first and third in vitamin C content. It should not be difficult to increase
the amount of vitamin C in rustless currants by crossing them with high-vitamin
standard varieties. :

Rustless Varieties Named

The rustless varieties 0-381 and 0-393 were named on December 9, 1948, on
the basis of the favourable results from the yield and processing tests at Ottawa,
the generally favourable comments of growers in all parts of the country, and the
complete resistance of these varieties to rust wherever they have been grown.
The names given were:

0-381 Crusader
0-393 Coronet

Crusader—(R. ussuriense X Xerry). Bush vigorous, upright; canes long,
medium stout. Foliage immune from rust (Cronartium ribicola), slightly sus-
ceptible to mildew (Sphaerotheca mors-uvae). Flower cluster long, loose, with
eight to twelve flowers. Fruit large, black; skin medium thick, ‘slightly bitter;
fresh fruit flavour sub-acid, quality good; fruit firm, clings well to cluster, ripens
falilrly evenly, late midseason in maturity. This variety makes excellent jam and
jelly.

Coronet—(R. ussuriense X Kerry). Bush vigorous, slightly spreading;
canes long, medium stout. Foliage immune from rust (Cronariium ribicola),
slightly susceptible to mildew (Sphaerotheca mors-uvee). Flower cluster medium
long, loose, with seven to twelve, usually eight flowers. Fruit large, black; skin
medium thick; fresh fruit flavour sub-acid, quality good; fruit firm, clings
well to cluster, ripens fairly evenly, late midseason in maturity. This variety
makes excellent jdm and jelly.

Inheritance of Resistance to Rust

"It is evident from the F; of crosses between R. ussuriense and susceptible
varieties that resistance to rust is dominant to susceptibility. In order to study
the inheritance of resistance to rust, Fy plants were selfed, and backerossed to
the recessive parent. The number of plants obtained was small and the data
from six backeross families have been combined in Table 7. The selfed seedlings
are the progeny of one plant.

TABLE 7.—F: SEGREGATIONS FOR SUSCEPTIBILITY TO RUST

Number Number Number
—_— , Seedlings Seedlings Beedlings
Grown Resistant Susceptible
F1 Selfed—
Observed..... ... ... oo 11 8
Expected (3:1)...ccnirnieineeine e 8.25 2:75

F1 Backcrossed (to Boskoop Giant or Kerry)— )
Observed. . ... . ..ot 115 62 53
............. 57-5 57-5
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Both selfed and backerossed progenies gave segregations very closely
approaching the 3:1 and 1:1 ratios, respectively, that would be expected on the
basis of a single factor difference for resistance and susceptibility. Larger Fa
populations are being grown to place this interpretation on a firmer foundation.

Ribes aureum and R. odoratum Seedlings

It was reported earlier, Hunter and Davis (4), that Kerry X R. aureum
gave seven resistant and five susceptible seedlings, and that Boskoop Giant X
R. odoratum gave no resistant and twenty susceptible seedlings. It was taken
for granted that the above seedlings were indeed of the parentage indicated,
although there was no indication of any characteristics of the paternal parent in
any of the F; seedlings. One of the susceptible F; seedlings from the cross
Kerry X R. aurewm has since been selfed, and one resistant F; seedling has
been backerossed to Kerry. Only five Fy plants from selfing and thirty-four
from backcrossing have been grown, but there has been no trace whatever of
R. aqureum in any of these seedlings. The paternity of the original hybrids would
appear to be in considerable doubt.

Red Currants

Rust is not as troublesome a disease of red as it is of black currants. The
report of Hahn (1) that the variety Viking is immune, and that resistance is
dominant to susceptibility has been borne out by observations at Ottawa. In
an attempt to produce rust-resistant red currants of better horticultural value
than Viking, crosses were made between that variety and Cascade, Red Lake
and Stephens No. 9. Only a few seedlings have fruited to date, but all have
been resistant to rust. Their general excellence suggests that it should be easy
to develop superior rust resistant varieties.

Resistance to attack by aphids is probably more important than resistance
to rust in red currants. Even a reasonable amount of resistance to this insect
would be a decided advantage. The variety Viking is not so heavily attacked
by aphids as are most varieties. Therefore it is interesting to note that in a
small population from the cross Viking X Stephens No. 9, although several of
the seedlings were just as susceptible as Stephens No. 9 to aphid attack, some
were much less susceptible and one was highly resistant. This particular plant
Is not immune but it is not attacked so early in the season and aphids do not
multiply on it to the same extent as on most varieties. ‘

The wild species Ribes diacantha Pall., a native of northern Asia, also
appears to be resistant to aphids. Seedlings have been obtained from ecrosses
Mmade in 1947 with Red Lake, Stephens No. 9 and Viking. However, the small
fruit size of R. diacantha may make it less useful than Viking as a parent.
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Gooseberries

d The sole objective in the breeding of gooseberries at Ottawa has been the
ce"e{opment of thornless varieties. This work began about 1918 with the
"Tossing of the English variety Victoria with a thornless plant of Ribes oxyacan-
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thoides L. No record was kept of whether the ¥; was thornless or not, but some
F, plants from selfing were without thorns and had slightly larger fruit than -
the wild species. One of the thornless ¥,’s crossed with the American variety
Mabel gave the almost completely thornless variety Spinefree (Davis, 1), which
has fruit of nearly commercial size. Spinefree crossed with Clark, a large-
fruited, thorny variety of the English type, gave 64 thorny and 37 almost thorn-
less seedlings. Six of the latter had fruit equal in size to the best American
sorts. They are vigorous and productive at Ottawa and are being multiplied
for extensive testing.

Although not entirely thornless, the. thorns on these six are so short that
they do not interfere with fruit picking. The selection with the fewest thorns
is 0-272, which is completely unarmed except at the base of shoots arising close
to the bottom of the plant. The general effect in 0-261, 0-271, 0-274 and 0-275
is thornlessness, although a single short thorn is borne at some nodes on some
shoots. The thorniest of this group is 0-273 which has from one to three short
thorns at every node. However, these thorns are not so long nor so troublesome
as those of any of the standard varieties. With the exception of 0-275, these
varieties have fruit' that is red at maturity. The fruit of 0-275 is green at all
stages. :

No precise information has been obtained on the inheritance of thorns in
the gooseberry, but it is evident that thornlessness is recessive to the thorny
condition. It is also evident, from the different degrees of thorniness encountered,
that several pairs of genes are involved.

Reference
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Fig. 6—The difference in thorniness of gooseberry plants is shown by branches
of 0-272 (left), 0-273 (centre) and Poorman (right).



FRUIT VARIETY TRIALS
D. 8. Blair

Pears

Dessert, pears may now be grown with a fair measure of success in eastern
Ontario and Quebec. Although perfection has not by any means been reached,
the hybridizing of the hardy Chinese and Russian pears with the hardier com-
mercial varieties by the plant breeders at the Division of Horticulture, Central
Experimental Farm, Ottawa, and the Minnesota Fruit Breeding Station, St.
Paul, Minnesota, has gone a long way in developing hardy, fire-blight-resistant
varieties of sufficient quality for home use and local markets. There is no good
Teason now why every farmer in eastern Ontario and Quebec should not grow
enough pears to meet his home requirements.

Among the sixty-odd hardy varieties fruiting at Ottawa, five Ottawa origina-
tions, Enie, Menie, Miney, Moe and Phileson, along with five introductions,
mostly from the United States, Mendel, No Blight, Patten, Patten 1200 and
Parker, are recommended for limited trial.

Ottawa Pear Varieties Recommended for Trial

Ente—A Zuckerbirn by Clapp Favorite cross; ripens a week to tend days
later than Moe. The trees are very vigorous, and come into bearing earlier than
those of Menie, Moe and Phileson. No winter injury has been observed on the
trees at Ottawa but some fire blight has been experienced. The fruits are of
medium size (24 in.); attractive yellow, with blush on cheek; white, buttery,
juicy flesh with flavour like Clapp Favorite; good quality. It is recommended
for planting in eastern Ontario and Quebec, where the commercial varieties such
as Bartlett are not hardy enough.

Menie—A cross between Kurskaya and Flemish Beauty. It comes in
shortly after Enie and is ready for picking early in September. Season extends
to early October. The trees are quite hardy, vigorous, but slow to come into
bearing. Slight fire blight infection has been observed in this variety. The
fruits are large (2% in.), nearly as large as Flemish Beauty; yellow; white,
juicy flesh with pléasing flavour; good quality. This seedling is well worth a
trial in eastern Ontario and Quebec.

Miney.—A Zuckerbirn by Clapp Favorite cross, of about the same "season
as Menie, being ready for harvesting early in September. The trees are
fairly vigorous and so far have proved resistant to fire blight and winter injury.
The fruits are large (23 in.) and resemble Clapp Favorite in’ shape and skin
colour. Flesh is white, juicy, buttery, of pleasing flavour and good quality. It has
probably the best textured flesh of any of the hardy pears fruiting at Ottawa,
and is worthy of extended trial in eastern Ontario and Quebec. ’

Moe—A Zuckerbirn by Clapp Favorite cross, and the earliest of the
Ottawa introductions. The fruits usually ripen at Ottawa around mid-August
and the season extends to late August. The trees are apparently very hardy as
no winter injury has been observed to date. They are also quite resistant to
fire blight. The fruits are of medium size (2 in.), yellow, with faint orange
blush; white, juicy, melting flesh; good quality. This seedling is not so full
flavoured as Enie, but because of its earliness should be given extended trial in
the colder regions where the commercial varieties will not thrive.

Phileson.—The same parentage as Menie but matures later and is ready
for harvesting. the middle of September. It is a good keeper and will hold up
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in storage a month or more. The trees appear resistant to winter injury and

are vigorous, but slight fire blight injury has been noted. The fruits are large
(2% in.); attractive, yellow with slight red blush; white, buttery, juicy flesh

with full flavour; good quality. This pear because of size, texture, quality and

geerl))ing quality is highly recommended for planting in eastern Ontario and
uebec.

Other Varieties Recommended for Trial

Mendel —Originated at New Ulm, Minnesota. The trees have withstood the
rigours of the Ottawa climate for eight years without winter injury or fire
blight. The fruit is above medium size, yellowish-green overlaid with russett,
shape of Bartlett; flesh juicy, flavour sweet and quality good. A late maturing
pear, ready for picking mid to late September and keeps well in storage.

No Blight—Sent in for trial by David Tait, Carterton, Ontario, in 1937.
Trees appear hardy and resistant to fire blight. The fruits are medium in size,
globular, yellowish-green with attractive orange blush; flesh juicy but a bit
coarse; flavour sweet and quality good. Because of its hardiness, freedom from
fire blight and pleasant flavour should be watched carefully.

Patten~—Originated at Iowa Fruit Breeding Station, Ames, Iowa. Trees
are hardy and appear resistant to fire blight. Fruits large, yellowish with a
distinet reddish-brown blush; flesh juicy, quite free of stone cells; flavour sweet
and quality good. Ripens mid to late September. ‘

Patten 1200.—Also originated at the Jowa Fruit Breeding Station. Trees are
hardy and appear resistant to fire blight. Fruits are medium to below, globular,
yellowish-green with reddish-orange blush; flesh buttery, juicy; flavour sweet
and quality good. Ready for harvesting mid to late September. ,

Parker —Originated at the Minnesota Fruit Breeding Station, St, Paul,
Minnesota. Of value because of its hardiness and' fruit size. Tree hardy and
quite resistant to fire blight. Fruit above medium, yellowish-green with slight
reddish blush, resembles Bartlett in shape; flesh juicy, buttery, slightly coarse-
Erained; sweet flavour and quality good. Matures mid to late September.

Plums

The production of large, luscious plums in eastern Ontario and Quebec,
Comparable with the imported plums from California so often seen in the fruit
stores, is no longer a vision. As a result of years of hybridization and careful
Selection work the plant breeders at the Horticultural Division, Central Experi-
mental Farm, Ottawa, and the Minnesota Fruit Breeding Station, St. Paul,
Minn, have developed varieties that will withstand the climate in the cooler
Tegions and which produce fruits of excellent quality up to two inches in
diameter.

There is a splendid opportunity for progressive growers to develop small

Plantations of these large-fruited plums to meet local fruit store requirements.
A good market can be developed for this type of plum provided the proper care
18 exercised in packing and marketing the fruit. Large plums of this type
shOl_lld be packed in layers in shallow boxes similar to those used by the
California growers to meet fancy trade requirements.
.. A large collection of these super-red plums has been under test for some
little time in the Ottawa plantations and very complete notes on their perform-
ance are now available. Grenville, Underwood and Fiebing are outstanding
8mong the early ripening varieties; Pipestone, Redcoat, Superior and Kahinta
are the hest of the mid-season sorts; with Elliot and Ember the pick of the late
Maturing varieties. .

48665—3
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Among the blue varieties or domestica group, Mount Royal is the most
outstanding- for the Ottawa region because of its tree hardiness. Carleton,
Chercuts of Kharkoff and Nepean are other promising hardy domestica sorts.

Promising Hardy Plum Varieties

Grenville—Originated at Ottawa, the result of a cross between Burbank
and the native wild plum. Tree, very hardy, somewhat like Burbank in habit,
heavy yielder and a biennial bearer. Fruits are very large, round; bright,
attractive red; juicy, sweet and very good quality. :

Underwood.—A Minnesota Fruit Breeding Station introduction. Ripens
very early, usually mid-August at Ottawa. Tree hardy, fairly vigorous and
productive. Fruit large, attractive, juicy, and of excellent quality.

Fiebing —Another Minnesota introduction. Tree very vigorous and hardy.
Fruit very large, round, bright red; juicy, sweet and of good quality. It appears
to be quite susceptible to the brown rot fungus.

Pipestone—A recent Minnesota introduction, thought to be a backeross
involving P. salicina and P. americana. Trees develop a strong framework,
vigorous, spreading, hardy and productive. Fruit very large, round conie, hand-
some, solid deep red; skin thin but tough; flesh bright yellow, juicy, sweet,
pleasant; excellent dessert quality, and a good canner.

Redcoat.—The result of a cross between Burbank and Wolf made at the
Minnesota Fruit Breeding Station. Trees hardy, vigorous, inclined to be
spreading in habit, productive. Fruits freestone, large, prune-shaped, pointed,
dark attractive red with heavy bloom; skin thin and quite tender; flesh bright
yellow, firm, sweet to mild sub-acid, pleasant, and good quality.

Superior—Of Minnesota origin. An excellent shipper. Trees vigorous and
apparently hardy. Fruits very large, somewhat pointed, washed with lively
attractive red; flesh golden, juicy, sweet and of excellent quality.

Kahinta—The best of Dr. Hansen’s South Dakota introductions under
Ottawa conditions. Tree very vigorous, fully hardy. Fruits very large, pointed,
bright red; juicy, sweet and of good quality.

Elliot—Of Minnesota origin. A very handsome late variety. Tres
vigorous, hardy and a heavy bearer. Fruits large (when thinned), rather thick
skin, deep red; juiey and of fairly good quality.

Ember.-—Another recent Minnesota origination. The largest and best in
quality of the late varieties under test. Trees strong, hardy, free growers. Fruits
very large, slightly pointed, lively red; very juicy, sweet and of excellent quality.

Mount Royal—A chance seedling found near Montreal, and an excellent
canning plum. Trees of medium vigour, hardy, very productive. Fruits medium
size, blue; juicey, mild, sub-acid, and of good quality.

Carleton—Originated by the Division of Horticulture, Ottawa. A large
freestone prune type of plum. Ripens in late September. Fruits very large, egg-
shaped, reddish purple; flesh pale yellowish green, medium juicy and meaty;
flavour sweet, and quality medium to good. This plum has attracted some
very favourable comment in the St. John River valley in New Brunswick.

Chercuts of Kharkoff—Sent in for trial by P. C. Crath, Peterborough,
Ontario, who imported it from Asia. Promising because of its high quality and
apparent tree hardiness. Fruit medium size, round, blue; yellowish green, meaty
flesh and sweet flavour. Ripens in mid-September.

Nepean—Another recent Ottawa origination. A little larger and a few
days later than Mount Royal, ripening in late September. Fruits round, blue;
flesh yellow, juicy, meaty; flavour sweet, pleasant, and quality good. Tree is of
medium vigour and hardiness.



35

Apricots

Apricots do not crop well at Ottawa. In most winters the varieties tested
to date break their dormarcy during the winter months and the fruit buds are
killed. Because of this apricots are not at present recommended for planting
in the Ottawa region.

Strawberries

~ New varieties are being introduced at a rapid rate by experiment stations
in the United States and Canada. Most of these varieties are not widely adapted,
having been originated under special local conditions. However, all must be
tested to establish their merit in a particular region. Brief descriptions and
performance of the newer varieties under test are given.

Valentine—A product of the Ontario Horticultural Experiment Station,
Vineland, Ontario. It is the most promising of the early ripening sorts. It starts
ripening several days before Premier. The berries are firm, conic, with dark
glossy appearance and hold their size well. The plants are vigorous, healthy
and runner well.

. Maytime—Originated by the United States Department of Agriculture and
Is the earliest high quality variety in Maryland. At Ottawa, it comes in a few
days later than Premier and is not quite so productive. Berries are very
attractive, uniform, conic, firm and of very good quality.

Mackenzie—Introduced by the Division of Horticulture, Central Experi~
mental Farm, Ottawa. It resembles Premier closely in appearance and season,
but under Ottawa conditions it is usually more productive and holds up better
In size. Plants are vigorous, healthy and runner freely.

Redwing.—A New Jersey origination. A mid-season variety of considerable
Promise. The berries are large, firm and very attractive, with high quality. The
DPlants are vigorous, healthy, and the berries hold their size well.

_ Crimson Glow.—Another New Jersey variety that is well worth trying.
It is a high quality berry, of real value for the home garden.

Fairpeake (U.S.D.A.).—A mid-season variety; produces large, glossy red
fruit of medium firm texture and good quality. The plants are very vigorous and
Produce heavy crops. '

_ Suwanee (U.S.D.A.).—Because of its productiveness and high quality it is
highly recommended for the home garden.

Sparkle—A new Jersey origination. Another mid-season variety of
Considerable promise. The berries arc fairly large, attractive, firm and of good-
Quality. However, there is a tendeney for the berries to be medium in size and
rather dark under certain conditions. The plants withstand drought well.

Tupper —Originated by the Division of Horticulture, C.E.F., Ottawa. A very
attractive and highly productive mid to late season variety. The berries are
Dot firm enough for shipping to distant markets but are of real value for local
arket and home use. The plants are vigorous and good runner makers.

hi Louise—A Division of Horticulture, C.E.F., Ottawa, origination. The
Ighest quality late ripening strawberry fruiting at Ottawa. The berries are
Iarge, bright glossy red, very attractive, and very firm and meaty in texture.
Y 18 a good shipping and freezing variety. Highly recommended to growers
Seeking high quality late berries to extend the marketing season. Plant subject
0 leaf spot which is its major fault.

o Elgin —Another Division of Horticulture origination. The latest variety
Ver grown at Ottawa, ripening three to four days after Louise. The berries are
4866533 ,



36

not so attractive nor of so good quality as Louise but are larger in size. The
plants are more resistant to leaf spot than Louise. Since Loulse is imperfect,
E'gin should be used as a pollinator. Because of their extreme lateness both
T ouise and Elgin are worthy of extended trial by all growers interested in late
ripening varieties.

Midland, Massey and Northstar—Products of the U.S.D.A. strawberry
breeding project. Inclined to be too dark and unproductive at Ottawa and do not
appear worthy of further trial. .

Raspberries

In 1940 a raspberry trial was set out at Ottawa to evaluate the earliness
and yield of several promising raspberry hybrids originated by the Division of
Horticulture in comparison with the standard wvarieties. The performance of
these varieties over the five-year cropping period, 1943-1947, is clearly
presented in Table 8.

TABLE 8~—YIELD OF RASPBERRY VARIETIES DURING THE FIVE-YEAR CROPPING
PERIOD, 1943-1947. PLANTATION SET OUT, FALL, 1940

Average Average

Average Average Date of Date of

Variety Yield Yield in First Largest

. per Year " First Week Pick Pick
1b./ac. Ibh./ac. July July

3,934 1,420 10 17
3,682 1,995 10 15
2,884 479 12 24
2,368 538 10 20
Latham..........c..c o i 2,310 62 14 25
Newman23.........0c0viviiiiiin .. 2,300 229 12 23
Newburgh..........oooi i 2,201 199 12 23
Ottaws. .. . 2,205 269 11 22
Monroe. 2,134 511 10 24
Rideau, .. 2,008 331 12 23
Marey. L 2,045 118 14 [ 27
ViKing, .o e e 1,862 108 12 23
Chief. i i e e 1,757 258 11 21
Taylor............. .. 1,407 24 16 27
Indian Summer 1,358 331 10 18
GatineaU. ...ttt i 1,315 742 10 18

It will be seen that 0-263 is the outstanding early variety, yielding in the
first week of the picking season nearly 2,000 1b./ac. It is also a very heavy
cropé)er outyielding such standard varieties as Latham and Newburgh. Trent,
besides being outstandingly early, is the highest yielding variety at Ottawa
producing some 4,000 lb./ac, yearly, Both Trent and 0-263 are extremely
promising as early, high yielding varieties. Gatineau and Madawaska also are
impressive as early ripening varieties. 0-201 and Madawaska are two other high
yielding Ottawa varieties and have outyielded the leading commercial varieties,
Latham, Viking and Newburgh.

These Ottawa introductions are increasing in popularity.

Trent—The best of the early varieties under test at Ottawa. Besides
ripening early-it is a very heavy yielder of bright, very attractive berries which
are firm enough to ship. It appears to be quite free of virus trouble.

Madawaska.—A variety of many merits. It is very hardy, outyields Latham,
ripens early, and is excellent for canning and freezing. Extensive trials indicate
that it is well adapted to most of the raspberry growing districts in Canada.
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The berries, however, are not firm enough for distant shipment but are satisfactory
for-local markets. Plants are quite free of virus but are susceptible to anthrac-
nose and spur blight.

_ Ottawa—Outstanding as a shipping raspberry and should be given extended
trial by all growers who ship to distant markets, Resembles Viking in appear-
ance and quality. Plants are resistant to anthracnose and spur blight but
susceptible to powdery mildew and may take mosaic. It appears to withstand
drought better than most varieties.

Rideau.—Resembles Taylor closely and is of the same parentage. It is a
heavy feeder and where fertility is high produces an abundance of firm, bright,
attractive berries that are enthusiastically received by the fresh fruit trade.
Susceptible to anthracnose, spur blight and alkaline soils.

Gatineau.—Mainly of interest as an early variety. Howuver, where
earliness is not of primary importance, its dark colour and the fact that it is

not too firm rather militate against it.

' 0-263—Because of its extreme earliness, productivity and hardiness it
should be widely tested. Unfortunately the berries are not so large nor so
attractive as Viking and Latham and are inclined to be a bit soft.

0-201 —The hardiest raspberry f{ruiting at Ottawa and is apparently
standing up very well to the winters on the prairies. It is a large, rather attractive
berry but is inclined to be somewhat crumbly, Because of its extreme hardiness
this hybrid should be widely tested in the colder regions of Canada.

Only one, Durham, of the recent introductions from the United States
30u113d appear to offer any commercial possibilities in eastern Ontario and

uebec.

Durkam (Taylor Sdlg.).—Originated by the New Hampshire Agricultural
xperiment Station, Durham, N.H. It is an ever-bearing variety which has
een particularly impressive at Ottawa because of its fall crop. It is worthy

of test as a fall-bearing variety.

Washington (Cuthbert X Lloyd George) and Tahoma (Latham X Lloyd

eorge) —Washington State introductions. Too tender in the cane to withstand

the winter at Ottawa. They kill back badly and are unproductive. Both produce
berries of high quality and are worthy of trial in the milder regions.

Milton (Lloyd George X Newburgh).—Originated at the New York State
Agricultura] Experiment Station. It shows no improvement in fruit characteris-
les over the standard varieties but the canes appear highly resistant to mosaic
and for this reason should prove a valuable breeding parent.

Sunrise (Ranere X Latham)—A New Jersey Agricultural Experiment
Station origination. It resembles Latham in berry characteristies but ripens five
ays earlier; about the same season as Monroe and Gatineau and a pick or two
ghead of Chief. The berries are dark red when ripe, compact and good quality.
any fruits were below commercial size in the 1948 season. Sunrise is inferior

O Trent, Gatineau and Monroe at Ottawa.

E September (Marcy X Ranere) —Originated at the New York Agricultural

XPeriment Station, Geneva, N.Y. Another ever-bearer but has not been out-
sl' nding, Its fall crop ripens too late and there is a tendency for the berries to
- ®ling, making them difficult to pick.

Grapes .

m Great strides have been made by the New York State Agricultural Experi-
crent~ Station in recent years in improving the quality of the native grapes by
Ossing with the European grape (Vitis vinifera). A large number of these new
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introductions have been added to the varietal collection at Ottawa and several
are very promising, so much so that they are likely to replace all the old -
varieties now grown in eastern Ontario and Quebec. Besides improved quality,
many of these new varieties mature earlier than the varieties grown heretofore,
and for this reason are ‘better suited to regions where the growing season is short.
Among these New York State originations, Fredonia and Seneca, are
rapidly becoming standard varieties. Brocton, Buffalo, Eden, Erie and Van
Buren are all worthy of extended trial, while Geneva No. 17162 should be given
limited trial. Dunkirk, Keuka, Westfield and Yates have shown little promise at
Ottawa and do not appear to warrant further testing. Violante Early, plants of
which were obtained from Joe Violante, St. Catharines, Ontario, should be
widely tested as a very éarly maturing dessert grape.
Brief descriptions of the more promising new varieties are given below:

Fredonia~—Undoubtedly the best early black grape fruiting at Ottawa and
particularly suited to the home garden. The vines are vigorous, somewhat
susceptible to mildew but very productive. Clusters are medium, compact and
cylindrical; berries are large, round, rather tough skin; juicy flesh and very
good quality. - ,

Seneca.—A high quality green dessert grape that ripens with Ontario.
Vines are vigorous and productive, yielding heavier than Ontario in the Ottawa
- vineyard. Clusters are medium, compact and tapering, Berries are medium,

oval; tender flesh; sweet, aromatic flavour and very high quality. An excellent
dessert grape.

Brocton.—Another high quality green grape that ripens later than Ontario.
The vines although none too vigorous have produced well at Ottawa. Bunches are
large, very compact and tapering. Berries medium, oval, sweet and richly
flavoured.

Buffalo.—An early ripening black variety. Clusters are medium to above,
slightly tapering and medium compact; berries medium, roundish oval; juicy -
flesh, sweet, pleasing flavour and good quality. )

Eden.—Very promising as a high quality, early maturing black grape.
Vines are vigorous and productive. Bunches are medium to large, cylindrical,
and quite compact. Berries medium, roundish oval; tender, juicy flesh, sweet
flavour, and very good quality.

Erie—Another high quality, early ripening black variety. Clusters are
small to medium but compact. Berries are medium, roundish; tender, juicy flesh,
sweet flavour, and good quality.

Van Buren—Especially promising as a very early black dessert grape,
- ripening ahead of Fredonia and Eden. Bunches medium ,to above, slightly
tapering and compact. Berries are medium, roundish; juicy flesh, sweet flavour
and good quality.

Geneva No. 17102 —~The best early ripening red grape that has fruited to
date at Ottawa and should be widely tested. Clusters are medium to above and
fairly compact. Berries, medium to above, oval; tender meaty flesh, sweet
flavour and excellent quality. A very promising dessert grape vastly superior
to the commercial red varieties now grown in this region.

Gooseberries

Although the demand for gooseberries is limited in eastern Ontario and
Quebec, there is a market for varieties producing berries of large size and high
quality that are resistant to powdery mildew. Furthermore, a few bushes in the
home garden are desirable. Of the thirty-one varieties at present under
observation, only four are of outstanding merit: Poorman, Silvia, Ross and
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Fredonia. Poorman and Silvia are in commercial use while Ross and Fredonia
are relatively new varieties. Brief deseriptions of these recent introductions
are given below:

Ross—Originated by the Forest Nursery Station, Indian Head, Saskatche-
wan. It produces berries almost as large as Clark. The bushes are very hardy,
vigorous and productive. The fruits are very large and of pale green colour.
Because of its hardiness, productivity and berry size, it is worthy of extended
trial.

Fredonia—A New York Agricultural Experiment Station origination; a
very large, late, dark red gooseberry of the English type. The bushes are vigorous
and spreading in habit which facilitates picking, and are productive but inclined
to lack hardiness at Otbtawa. The berries are attractive, firm and of good
quality,

Red Currants

Great strides have been made by the plant breeders in recent years in
developing improved red currants. Two new varieties, Stephens No. 9 and Red
Lake, are so superior to the varieties in use commercially that they should
in the future completely replace the standard sorts. Two open-poliinated seed-
lings of Diploma, Cascade and Minn. 69, developed at the Minnesota Fruit
Breeding Station have shown real promise at Ottawa during the past four years
and should be given extended trial in Canada.

Brief descriptions of these new red currant introductions are presented:

Stephens No. 9.—Originated by C. L. Stephens, Orillia, Ontario, and distrib-
uted by the Central Experimental Farm, Ottawa. Bushes are vigorous, somewhat
spreading and productive. Clusters medium length, not so long :as Red Lake,
but compact. Berries are very large, bright attractive red, sub-acid, of excellent
quality, and can be used for dessert purposes.

Red Lake—Originated at Minnesota Fruit Breeding Station, and parentage
unknown. Bushes are vigorous, upright in habit and produce heavy crops.
Clusters are long and compact, which facilitates harvesting. Berries are very
la}r%e, light glossy red, of sub-acid flavour, good in quality and may be eaten out
01 hand.

Cascade (Minn. 70)—Bushes are medium in vigour, medium erect and
productive. Clusters are above medium in size, compact with medium long stems.
Berries are very large, attractive dark red, of pleasant sub-acid flavour and very
good quality. The fruit of Cascade ripens about a week earlier than Red Lake
and berries are larger but clusters not as long.

Minn. 69.—Bushes are large, vigorous, erect and moderately productive.
Clusters are medium, compact with long stems. Berries are very large, glossy
Ted, attractive, of pleasant sub-acid flavour and good quality. Ripens at least
atzveek in advance of Red Lake. It is the largest red current under trial at

awa.



INDUCED POLYPLOIDY IN HORTICULTURAL CROPS

A. W. 8, Hunter and Berta Danielsson

Induced polyploidy has been investigated in connection with the breeding
of some horticultural crops. Interest in this field has centered around (a) the
direct effect of a doubled number of chromosomes on the size and other charac-
teristics of certain plant parts, particularly flowers and fruits; (b) the con-
ferring of fertility on sterile interspecific hybrids and (¢) the use of tetraploids
in breeding, either for crossing with diploids to produce triploids, or for cross-
ing with other tetraploids.

Apple

Tetraploid apples are desired for three reasons:

1. To determiné the effect on fruit size of a doubled chromosome number
in certain varieties that bear small but otherwise desirable fruits.

2. To provide tetraploids that may be crossed with diploid varieties to make
triploids. Many of the present triploid apples are good keepers and all have
arisen as chance seedlings. If tetraploids were available, it would be possible
to obtain at will triploids of known parentage. This might be a useful method
of producing late keeping varieties. :

3. To repeat with tetraploid material certain crosses between very small-
fruited hardy species and commercial apples. With tetraploids it may be
possible to secure fruit size in the first generation, which with diploids would
require a backeross to a commercial variety to attain.

Methods of Treatment

Colchicine treatments were begun in 1947 on seeds and seedlings, and on
named varieties. Two different methods were used on seeds. One is a com-
bination of Thomas’ (10) method of soaking peeled unafterripened seeds in a
weak (0-05 per cent) aqueous colchicine solution, and the embryo culture method
devised by Tukey (11) for stone fruits. Open-pollinated seeds of MecIntosh,
Northern Spy and Malus baccata were used Losses from contamination of
the cultures by moulds and bacteria, and following transplanting to soil, were
frequently high in this method. However, of the seedlings that survived, a
high proportion were tetraploids. The figures to date are 522 seeds treated and
362 seedlings transplanted to soil. Ninety-five plants survived, of which 66 or
69-5 per cent appear to be tetraploids. This figure represents 12-6 per cent of
the number of seeds treated and includes preliminary experiments in which
mortality from contamination and at transplanting were very high. Improved
methods of handling have reduced these losses materially.

A simpler method is the germination of afterripened seeds on filter paper
soaked with colchicine solution. As soon as the seeds germinate they are
planted in soil in flats or small pots. Only seeds of Malus baccata were treated
in this manner. The concentrations of colchicine used and the results obtained
are given in Table 9. ,

The number of tetraploids in this experiment represents only 12-0 per cent
of the seedlings and 2-2 per cent of the seeds treated, but in a later experiment
in which approximately 1,000 seeds of Malus baccata were germinated on filter
paper soaked with 1-0 per cent colchicine, 52 seedlings were obtained of which
27 or 51-9 per cent were tetraploids. Where seed is plentiful, this is considered
to be the most suitable method for apple.

40
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One difficulty was encountered in germinating afterripened seeds. Seeds
dusted prior to the afterripening process with Ceresan or Semesan for the control
of moulds completely failed to germinate when treated with colchicine. Com-
parable lots of the same seed that were not colchicine-treated germinated freely.
The Malus baccata seed used in the previous experiment was not dusted with a
fungicide before afterripening but was disinfected with a two per cent calcium
hypochlorite solution before treatment with colchicine. The germination of the
seed so treated did not appear to be affected by the colchicine. Apparently. a
substance that inhibits germination is produced by the combination of colehicine
and the fungicide.

TABLE 9.—A COMPARISON OF RESULTS OF TWO METHODS OF COLCHICINE TREAT-
MENT OF APPLE SEEDS

. Tetraploids

Coiggl' Number Number -

Treatment C cn con- Seeds Seedlings Per cent | Per cent

tlo tion Treated Obtained | Number c of Seeds

Ta Seedlirgs| Treated

. %

Germinated on soaked paper!.... 0-05 200 56 8 14-3 4.0
Germinated on soaked paper!.... 0-2 200 30 2 6-7 1-0
Germinated on soaked paper!. ... 1-0 200 22 3 15-8 1-5
Total.........ooooovi | 600 108 13 12-0 2:2
Culture bottle?................... 0-05 522 95 66 69:5 12-6

1 Afterripened seed.
2 Unafterripened seed.

In developing a technique for the treatment of named varieties of apples,
experiments were conducted on young seedlings and on one-year whips of named
varieties. From the results obtained, it appears that if the application is long
enough and strong enough there is no advantage in multiple over single applica-
tions of colchicine. The continuous immersion of the terminal buds of young
seedlings of McIntosh and Northern Spy, when the buds were just beginning to
grow, in a 2-0 per cent aqueous colchicine solution for 24 or 48 hours resulted in
eleven tetraploids from 40 plants treated, or 27-5 per cent. In comparison, the
best result from multiple treatments was 26 tetraploids from 291 seedlings
treated, or 15-4 per cent. This was produced by the application of a warmed
solution of 2-0 per cent colchicine in 0-5 per cent agar to the terminal buds
of freshly germinated seedlings of McIntosh and Northern Spy on 45 approxi-
Mmately consecutive days.

The application of 1-0 per cent colchicine in 20-0 per cent glycerine solution

to the terminal bud of a growing shoot as recommended for pears by Dermen
(1) resulted in the death of most of the treated buds. The omission of the
glycerine appeared to give satisfactory results. Similarly, 1-0 per cent colchi-
Clne in 0-65 per cent agar in gelatin capsules slipped over the terminal bud from
Which as many as possible of the young leaves had been removed appeared to
‘be effective.
. An attempt to induce chromosome doubling in the buds of scions by
Immersing the scions in 2:0 per cent aqueous colchicine solution for 24 hours
Tesulted in no evidence of tetraploidy. The scions were top-worked into a tree
of a hardy variety immediately after treatment.

Te"‘aploids from Open-Pollinated Seeds of Triploid Varieties

h The majority of the open-pollinated seedlings of triploid apples have
thromosome numbers that fall somewhere between 34 and 51. However, the
486654 :
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occasional tetraploid with 68 chromosomes is found, as reported by Johansson
(4), Nilson-Ehle (7), Einset (2, 3) and others. These tetraploids are apparently
the result of the union of an egg cell of the triploid with an unreduced chromo-
some number of 51, and a normal pollen grain of a diploid varlety with 17
chromosomes.

Open-pollinated seed of the triploid varieties, Baldwin, Gravenstein, King,
Stark and Staymared, was obtained from the Dominion Experimental Station,
Kentville, N.S, and seed of Rhode Island Greening from Northumberland and
Durham counties in Ontario. A count of the chromosome number has been
made in some of this material. One tetraploid was found in 53 seedlings of
Rhode Island Greening and none in 144 seedlings of Baldwin.

Cherry

The work with cherries was begun in 1939 and has been largely confined
to interspecific hybrids from crosses between the tetraploid sour cherry (Prunus
cerasus) and the diploid sweet cherry (P. avium). The seedlings resulting
from this cross are triploids and are highly sterile. Many are completely hardy
at Ottawsa in both flower-bud and wood and if they were fertile, some might be
useful varieties.

In an effort to determine if doubling the chromosome number of the triploids
might result in fertility, plants and seeds have been treated with colchicine. The
treatment of buds on young trees or seedlings has not been successful, but it
should be possible to apply the methods developed for apples to this fruit.

The treatment of actual triploid seed from the cross sour cherry X sweet
cherry, although it makes possible the handling of large numbers of individuals,
does not permit any preliminary selection for hardiness or other characteristics.
The most useful technique appears to be the seed peeling—culture bottle method
described for apples. This method has been used on triploid cherry seed with
the same difficulties of contamination and loss following transplanting. Out of
a total of 400 seeds treated, only 22 seedlings survived, of which two are
hexaploids and have 48 chromosomes. These seedlings are only two years old
and have not flowered yet.

Snapdragon
Tetraploids

Attempts to induce tetraploidy in the greenhouse snapdragon (Antirrhinum
majus L.) were begun in January, 1940. The first treatments were with 0-2
and 0-4 per cent colchicine dissolved in an agar solution and contained in
waterproofed gelatin capsules. The capsules were placed over decapitated stems
that had been cut just above a node in such a way that the axillary buds were
covered by the capsule. Fourteen tetraploid shoots in four varieties were pro-
duced from 369 nodes treated in this manner.

The stems of the tetraploids were stouter and the leaves thicker, broader and
slightly shorter than those of diploids. The flowers were very large and the
petal margins were wavy and frequently papillionated, but on most plants the
flowers did not open completely. These tetraploids were late in maturity and
did not have an attractive spike form. The flowers were closely arranged on
the stem and the tip of the spike had an abrupt instead of a gradual more
graceful taper. . .

In 1945 seed of good parental material was secured from two commercial
breeders of snapdragons. Tetraploids were obtained by soaking this seed 1n
0-2 or 0-4 per cent aqueous colchicine solution for 24 or 48 hours. Selfed
progenies were grown from most of these tetraploids, and a number of inter-
varietal crosses were made. It was apparent from the performance of some of
the seedlings that this material was superior to the earlier tetraploids for green-
house purposes. Many of the selfed progenies were not at all outstanding but
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a few were quite promising. The best results were obtained from some of the
ivory-pink and ivory-bronze intervarietal combinations. These tetraploid Fy
hybrids were in general reasonably early, tall growing, very strong stemmed,
large flowered, pale pink in colour, with well opened flowers and with a spike
that was very graceful in form but that was not so long in proportion to its
diameter as the hybrid diploids. The individual tetraploid plants varied con-
siderably in their combining ability, some combinations being much better
than others in uniformity of maturity and plant height, and in shape of spike
and openness of flowers. The flower colour of the above tetraploid hybrids is
approximately the same as that of some of the diploid hybrids such as Christmas
Cheer and Mary Ellen, but the tetraploids have much larger flowers and, with
their wavy petal margins, they are much less formal in appearance than the
diploids.

Fig. 7—Comparative size of diploid (left) and tetraploid (right)
snapdragon flowers.

Triploids

S Crosses were also made between tetraploids and diploids to produce triploids.

Sted set and seed viability were poor in such crosses, but most of the few tri-

Ploids produced were very desirable. The flower size of the triploids was

Itermediate between that of diploids and tetraploids. The spike form resembled
48665—4
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that of the better hybrid diploids in being very long and tapering, but because
of the larger flower size, the triploid spikes appeared to be better filled. Several
of the better triploids are being vegetatively propagated for a comparative trial
with diploids and tetraploids.

Inheritance of Flower Colour

It has not been possible to make a detailed study of the inheritance of
flower colour in tetraploid snapdragons because of the limitations of greenhouse
space. Only one large Fy family has been grown., This consisted of 295 plants,
the selfed progeny of three ¥; plants from a cross between a tetraploid Velvet
Beauty (dark red) and a tetraploid Rose Queen (pink). The F; plants were
all dark red. The combined F, gave 282 dark red-flowered plants and 13
pink-flowered plants. The expected ratio on the basis of a single factor differ-
ence, complete dominance of dark red and random assortment of the four chromo-
somes, would be 35:1 or 286-8 red to 8:2 pink.

The only other information that has been obtained on the inheritance of
flower colour is that dark red is dominant to pink, which is dominant to bronze.
Both pink and bronze are dominant to ivory, but only partly so, the Fy from a
cross between pink or bronze and ivory being pale pink. The pink X ivory Fy
when selfed, segregates into five quite clearly defined colours. These results
are in agreement with tetraploid inheritance and with the inheritance of flower
colour in Antirrhinum majus as described by Scott-Moncrieff (8).

Fertility

Seed set in tetraploid snapdragons growing in the greenhouse varies with
the season of the year. Under conditions of short days and low night tem-
peratures, it is usually much lower than later in the season when days are
longer and temperatures higher. However, even under good environmental
conditions, there is considerable variation in fruitfulness. Some plants set seed
quite readily with their own pollen and others do not. The same variation is
found in cross-pollinations, some combinations being fruitful and others not.
This is in marked contrast to tetraploid intervarietal F; hybrids, all those so
far studied being highly self- and cross-fruitful.

No detailed study of the causes of this variation has been attempted, but
observations of meiosis in a number of sterile and fertile plants did not indicate
an association between meiotic irregularity and sterility. This is in agreement
with Sparrow, Ruttle and Nebel (9) who failed to find any satisfactory correla-
tion between cytological irregularities and the marked difference in fertility as
measured by seed set that they observed between intravarietal.and intervarietal
tetraploid snapdragons. They were led to the belief that high fertility might be
associated with heterozygosity. This does not explain the marked variation in
fertility found in intravarietal tetraploids at Ottawa. It is not improbable that
incompatibility and other genetic processes may be operative,

Asparagus

* Asparagus tetraploids might be expected to have stouter spikes, which would
be advantageous. Seedlings of the variety Eden were soaked in colchicine
solution and seven tetraploids were obtained. The tetraploids appear to have
stems stouter than most diploid plants, but since they have been grown in pots
in the greenhouse, their true performance is not known. The tetraploids have
been quite feftile and a small crop of seed was obtained in 1948. Plants from
this seed will be grown in the field for comparison with the parental diploid.
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Fig. 8—Representative spikes of diploid (left), triploid (centre) and tetraploid (right)
snapdragons. The triploid is from the cross pink tetraploidXivory diploid.
The tetraploid is from a cross between a pink and an ivory tetraploid.
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Radish

Radizh tetraploids were produced in 1946 and 1947 by germinating seeds
of the variety Scarlet Globe on filter paper soaked with colchicine solution.
Radish seed appears to be very sensitive to colchicine, and good results were
secu;;ed with 0-05, 0-1 and 0-2 per cent for 24 hours and with 1-0 per cent for
one hour.

Selfed seed was obtained from most of the tetraploids, although their
fertility varied considerably. This seed was sown in the greenhouse in Novem-
ber, 1947, and the seedlings checked by size of stomata and pollen grains. Some
chromosome counts were also made. The tetraploid seedlings from each original
tetraploid were interpollinated. A good supply of seed was obtained from
seviral lines which will be planted In comparative varietal trials at Ottawa
in 1949.

Tomato

The currant tomato, Lycopersicon pimpinellifolium Mill.,, has been used
in the breeding of early ripening varieties particularly for the prairie regions,
but a drawback has been the small fruit size attainable. Lindstrom and
Humphrey &?) found that tetraploid L. esculentum X pimpinellifolium Fy
hybrids are highly fertile and that they are sturdier and larger in all respects
than the diploid ¥, even in the matter of fruit size, although the difference here
was slight. To investigate the effect of chromosome doubling on later genera-
tions from hybrids between these two species, seed of second and third generation
selections was germinated for four days on filter paper soaked with 0-4 per cent
aqueous colchicine. From this seed 160 seedlings were grown, 11 of which were
tetraploid either wholly or in part, judged on the basis of pollen grain size.
Seed was obtained from nine tetraploids. The seed was noticeably larger than
that from comparable diploids. However, the fruit of tetraploids was smaller
than that of comparable diploids. This was particularly noticeable on plants
which bore both tetraploid and diploid fruits. The tetraploid tomatoes con-
tained fewer seeds than the diploids, so that the reduction in fruit size may be,
due to lowered fertility. Plants from tetraploid seed will be grown .in 1949 for
comparison with diploids.

Acenaphthene as a Polyploidizing Agent

Colchicine is the most effective polyploidizing agent known, but it is
expensive. Kostoff (5) reported the use of acenaphthene, a very inexpensive
product, for the induction of chromosome doubling. This substance has the
disadvantage of being only slightly soluble in water, but Kostoff produced
the desired results by germinating seeds in water containing acenaphthene
crystals and in the presence of sublimating crystals of acenaphthene.

To obtain more information on the value and use of acenaphthene for the
induction of polyploidy, seeds of Searlet Globe radish, a plant that is very
gensitive to colchicine treatment, were germinated for six days in covered petri
dishes in (1) direct contact with wet acenaphthene crystals, (2) separated from
the crystals by moist filter paper, and (3) in petri dishes coated on the inside
with a layer of acenaphthene crystals which had been deposited by evaporation
from an ether solution. ‘The seeds germinated readily and the seedlings grew -
strongly, but only one partly tetraploid plant was found among the 270 plants
grown from this seed. In apple, no tetraploids were obtained from 120 seedlings
of Malus baccata grown from afterripened seed germinated in contact with wet-
crystals of acenaphthene for eight to eighteen days. These results suggest that
acenaphthene is probably of very limited value for the induction of polyploidy-
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NATIVE FRUITS

E. L. Eaton

_ One of the newer assignments of the Division is the adaptation of the ﬂative
fruits, blueberries, cranberries and elderberries, to cultivation in the Maritimes.

Blueberries
Lowbush Blueberries

In the three Maritime Provinces the lowbush blueberry is an important
source of revenue. The 1948 crop estimate at an average value of 10 cents per
pound was 4 million pounds for New Brunswick, 12 million pounds for Nova
Scotia, and for Prince Edward Island somewhat less than for Nova Scotia.

The lowbush blueberry occupies a temporary place in natural plant succes-
sion. On light soils and soils of low fertility, it forms a sparse ground cover in
forest shade; it grows in open uncultivated areas and gradually occupies
abandoned pastures and hayfields. In all such areas other heath plants, alders,
goldenrod and wild roses, compete with the blueberry.

The standard plan of management is late fall or early spring burning every
second or third year. In certain.regions competing plants are checked by
mowing, usually before the fall burning. In experiments on the best time to
mow, early mowing was best at one location, but in two other areas there were
no differences in plots mowed the first week in July, August or September. Mow-
ing was particularly effective in destroying the sweet fern stand.

Fertilizer Tests.—Duplicate plots of an almost pure stand of blueberries
on an abandoned farm were treated with nitrogen, phosphorus and potash
(ammonium sulphate, 20 per cent superphosphate and muriate of potash) alone
and in combination at the rate of 500 pounds per acre of 9-5-7 in October and
November of 1941 and 1942. The area had been burned over the spring before
first application. No consistent differences in crop yield could be observed
either in 1942 or 1943. A more extensive test on the effect of fertilizers and
limestone with and without sawdust is being conducted at three locations in
New Brunswick.

Propagation.~—It is very probable that the hard bony seeds lie dormant for
many years, which accounts for the sparse emergence in any one year and for
the lack of success by sowing cull berries. At Kentville, fresh seeds of highbush
seedlings are sown in flats of sand and peat over-layering fertile soil. The flats
are kept thoroughly damp and are held at 75° to 90°F. Good germination results
but such conditions are artificial.

Seedlings of the lowbush berry grown at Kentville from fruit of desirable
clones collected in New Brunswick were set out in a nursery bed. In 1947 and
1948 transplantations were made to permanent rows about a foot apart. Culti-
vation about the roots prevented their normal underground spread so that early
growth was slow., When roots and underground stems of attractive clones were
divided and set firmly in damp soil most rooted freely.

Another method under test is the rooting pf hardwood cuttings in granulated
peat for later transplantation. .

Highbush Blueberries

In the Maritimes, highbush blueberries are native to the three western
counties only. The original planting at Kentville was set out in 1926. Plantings
were made at four other localities. Again, when propagation was started at
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Kentville, rooted cuttings were widely distributed. The four early plantings
and those from the later distributions all suffered from neglect. Since then
locations on a variety of soil types have been chosen for a trial of selected
native seedlings with named varieties imported from United States as checks.
Results have shown that highbush blueberries are exacting in soil and
cultural requirements. They are killed out by shade, heaved by frost, grow
feebly in saturated ground, and if conditions force delay in cultivation, they
may become choked by grass. Nevertheless, on fertile, well-drained soil where
mill sawdust was worked into the soil and where a high nitrogen fertilizer
(frequently 9-5-7) was used, the plants have been thrifty and productive.

Cranberries

The Maritimes have -a history of bog plantings of selected wild cranberry
vines but, as the early bogs were not protected against frost, losses occurred and
most have reverted to the wild. ‘

Between the two wars the remaining productive bogs were definitely profit-
able and much interest was aroused in the crop. Cranberry investigation with
headquarters at Kentville, Nova Scotia, has been mainly on varieties, bog
management, insecticides and weed control.

Nova Scotia~—At Aylesford, N.8., native selections and the varieties, Early
Black and Howe, imported from Massachusetts, are being tested on & black
muck soil with -an impervious hard-pan subsoil. The clones are set four feet
apart each way in the prepared bog. This is the usual method of planting, but
In another Maritime area, vines run through a straw-cutter, scattered over the
Prepared ground and disked in, have done quite as well as those planted by
hand, and at a fraction of the cost.

The effects of dates of planting were tested. Small lots were planted in
July, August and September, on well-drained black muck covered with four
inches of sand. All rooted freely, but initially the earliest planted made the
strongest growth. After several years, there were no ohservable differences.

The Early Blacks were given the preference at the Aylesford and other test
locations. Although more difficult to hand pick, because they are small and
dark, they are high yielders of early maturity, good in colour and flavour.

New Brunswick.—Quite successful cranberry bogs have been. established

on damp upland soil and on dark mucky soil with an impervious brick-clay
subsoil at a depth of two feet. Attempts to establish a bog on deep raw
sphagnum were entirely unsuccessful.
. In bog preparation the turf is removed altogether or burned over, cut and
Inverted; then sand is spread over the area before planting the following spring.
Ideally, drainage ditches are dug; a dam constructed to hold winter flood waters
and to provide water for flooding for both frost and insect protection. Installa-
tion of a pump ensures facilities for summer flooding for the latter.

Prince Edward Island—In the island province cranberries grow naturally
Near the coast line on varied soil types, among sand dunes where proximity to
the sea protects them from fall frosts, in old pastures and hayfields and along
‘Swamps and intervales. Although the fruits are variable in size and colour,
they can be graded to make a fairly attractive pack.

In co-operation with the Illustration Stations Division, two bogs were set
Up at East Point, both on dryland but one on well-drained red soil, the second
9n & poorly-drained grey soil. A comparison of yields, salt applications, summer-

allow with and without sanding, sanding alone, turfing and planting, and
t"11’ﬁng, sanding and planting were tested with the following results:

1. Yields from the poorly-drained grey soil, treated and untreated, were
Regligible.
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2. Salt application gave immediate benefit where the vines were established;
‘e.g., 1600 lb. checked grass and moss and so lessened competition, but with
heavier annual applications salt injury -accumulates.

3. Summerfallow, with and without sanding, encouraged weeds and grass.
4. Sand alone failed to suppress the grass, but stimulated more growth.

5. Turfing and planting established a good plot with few weeds.

6. Turfing, sanding and planting gave the best stand of plants.

Insecticides—The cranberry fruit worm usually destroys up to one-third
of the crop in the wild areas. Summer flooding which is possible on certain
established bogs reduces the loss. Of the many spray and dust mixtures,
cryolite gave only moderate control and Pyradee, a trade mixture of pyrethrum
and D.D.T., gave substantial control.

Weed Control—Most of the chemical weed killers are fatal to cranberries
but weed killers have their place as a substitute for turfing. Esteron 44, an
ester form of 2,4-D, carefully applied at the rate of one quart per 100 gallons
of water resulted in- moderate to severe injury to an overgrowth of heath shrubs,
wire bush, speckled alder and willow. Water white kerosene as a spray at 200
to 400 gallons per acre gives a large measure of control of rushes and grasses if
the work is done in the early spring.

Elderberries

The common elder, Sambucus canadensis, is found on rich soils throughout
Eastern Canada. This fruit has been used for blending with apple products in
the home. Since disposal of cull apples is an annual problem, a co-operative
project is under way to use the elderberry for commercial blending with apple
jellies and juice.

The more desirable seedlings are being bred at the Kentville Station and
plots of five acres at each of six locations representing varied soil types have
been set out. This project is in its infancy, but it has already been found that
elderberries are easily propagated and grow quickly on well-drained tillable
land. The crop responds readily to cultivation and fertilizing and can be pro-
duced more cheaply than the other common small fruits.



USE OF CHEMICALS IN APPLE PRODUCTION

Thinning Apples with Chemicals
D. 8. Blair

In commercial apple growing, thinning is of utmost importance in the
production of a high quality, uniform, marketable product. It is a necessary
practice with such varieties as Wealthy which usually produce a large crop
with a high percentage of fryits below marketable size. Until recently hand
thinning, a labourious and costly operation, was the only method used. In 1935,
Auchter and Roberts (1) reported the first chemical prevention of fruit set. They
used cresylic acid and tar-oil distillate, both of which were effective in reducing
fruit set, but cresylic acid caused severe injury to the tree. Since then
extensive research has been conducted on various chemicals as a means of
blossom-thinning. Recently plant hormones have proved effective.

Chemicals Used

At the present time the most extensively used materials are the dinitro
compounds and the hormones, naphthaleneacetic acid and the sodium salt of
naphthaleneacetic acid. Other chemicals which have been used include Dowax
T.T.S., 82 and 222; Goodrite p.e.p.s. (polyethylene polysulphide) combined
with Fruit Thinner (Zimate-cyclohexylamine) and Goodrite p.e.p.s. combined
with Goodrite Z.A.C. (zinc dimethyl dithiocarbamate-cyclohexylamine complex).

Application

Blossom-thinning chemicals are applied in spray form using the power
sprayers operating at sufficiently high pressures to give good coverage. Time of
application is undoubtedly the most important factor to be considered in the
spray method of blossom-thinning. Good judgment on the part of the grower
Is a necessity, a lapse of twelve to twenty-four hours may make the difference
between success and failure. The dinitro sprays should be applied when seventy-
five per cent of the bloom is out, while the hormone sprays are best applied at the
calyx stage immediately following petal fall.

Effect on Trees

The dinitro materials are caustic in effect. As soon as contact is effected
they destroy the pollen that has been liberated from the dehisced as well
as that still in the indehisced anthers. The effect of the plant hormone sprays is
different in that it causes abscission of young fruits which would normally”
adhere. Dowax does not kill the blossom but forms a wax coating over the
stigmatic surfaces and so prevents pollen germination. In the absence of
pollen germination, the young fruit drops. The caustic dinitro sprays applied
In concentrations sufficient to effect thinning cause severe injury to the young
leaves and to such floral parts as the petals and tips of the styles. However, the
trees quickly recover and at harvest time appear normal. The hormone sprays
do not burn the foliage but wilting has been observed immediately after
application. Later, some dwarfing of the foliage and crinkling along the midrib
of the leaf may occur in some varieties.

. 'The use of blossom-thinning sprays to control biennial bearing is of prime
Interest. Such notorious biennial bearers as Wealthy, Golden Delicious and

ellow Transparent, when heavily thinned with blossom sprays in the “on”
Year produce a commercial crop in the “off” year. With these sprays the
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crop may be completely eliminated thus changing the tree from the “on” to
the “off” year. Such a practice permits the grower to change half the trees
of a given variety to the “off” year and by so doing he can regulate annual
production. Therefore, chemical blossom-thinning offers a means of modifying
the biennial bearing habit, ‘

Varietal Differences

Varieties do not react alike to bloom-killing sprays. With certain varieties
a given concentration will completely remove the crop, with others the thinning
is quite effective and with still others the crop removal is insufficient. For
example, for effective commereial thinning Wealthy requires a higher concentra-
tion of spray than Melba.

Variation in Results

Seasonal conditions have an effect on the degree of thinning. Concentra-
tions that give satisfactory thinning one season do not necessarily give effective
thinning the next. Weather and condition of the tree influence the degree of
thinning achieved. Variations in degree of thinning at different locations, even
when the same concentration is used, may be caused by differences in the
thoroughness of application and gallonage applied to the tree. It is now thought
that the gallonage per tree may be as important as the concentration; in other
words, it is the amount of active ingredient applied to the tree that is the
governing factor.

Trials on Thinning at the Central Experimental Farm,
Ottawa, and Rideau Fruit Farm, Manotick, Ontario

Preliminary experiments with Elgetol, a dinitro spray, on potted trees in
the greenhouse at the Central Experlmental Farm were begun in 1943. In the
1943 field trials effective thinning without injury to the foliage was obtained
with a strength of one quart of Elgetol to one hundred gallons of water, but
in the repeat experiments of 1944, an exact duplicate of the 1943 field trlals
the blossoms on most varieties were completely killed. This is evidence of a
concentration being satisfactory one year, but unsatisfactory the next.

From 1946-48, extensive trials were made at the Rideau Fruit Farm and at
Ottawa. Varieties used in these trials included Atlas, Elmer, Fameuse, Lawfam,
Lobo, Duchess, Joyee, Melba, Wealthy, Yellow Transparent and Meclntosh. The
materials used were: Elgetol; D.N. Nos. 1, 2 and III; Dowax T.T.S., 82 and
222: Parmone; App-L-Set; Goodrite p.e.p.s. combined with Goodrite Fruit
Thinner; and Goodrite p.e.p.s. combined with Goodrite Z.A.C. All the data
cannot be included in a report of this nature. Data for the 1947 experiment
on the Rideau Fruit Farm are presented in Table 10.

Table 10 shows that Elgetol used at the rate of two pmts on Melba was
effective in thinning. With Yellow Transparent effective thinning was accom-
plished with App-L-Set (6 oz.), Elgetol (14 pt.) and D.N. No. 2 (1 1b.). From
the data it appears that the Goodrite p.e.p.s. plus Goodrite Fruit Thinner on
Melba and Yellow Transparent and Dowax on Melba increased rather than
decreased the set of fruit. On Wealthy, App-L-Set (8 oz.) resulted in too
heavy thinning while Elgetol (3 pt.) and Gopdrite p e.p.s. plus Goodrite Fruit
Thinner were effective.

Table 11 gives the summarized data on the 1947 experiments at the
Central Experimental Farm.

Table 11 shows that in general the dinitros and App-L-Set gave reasonably
good thinning- on the varieties McIntosh, Lawfam and Melba. Some thinning
was effected with Dowax and Goodrite p.e.p.s. plug Goodrite Fruit Thinner.
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In the 1947 trials it was found that Dowax had no commercial thinning
effect on the varieties Melba (see Tables 10 and 11) and Duchess. This material
does not appear to emulsify readily. Considerable thinning was accomplished
with naphthaleneacetic acid on Melba, Yellow Transparent and Duchess. This
material did not cause burning of the foliage although some stunting of the
primary leaves resulted. Very effective thinning was accomplished with one
and one-half pints of Elgetol on MeclIntosh and Lobo and with two pints on
Melba, Yellow Transparent, Duchess and Wealthy. These concentrations caused
considerable foliage injury but the trees recovered quickly and outwardly per-
formed in a normal manner.

In the 1948 trials a new material, Goodrite Z.A.C., was combined with
Goodrite p.e.p.s. instead of the Fruit Thinner used in 1947. Goodrite p.e.ps.
{24 1b.) combined with Goodrite Z.A/C. (4 lb.) gave effective thinning on
MeclIntosh, partial thinning on Lawfam and had little effect on Melba. The
other chemicals showed the same trend as in 1947, although the thinning was
not so heavy. However, even this lighter thinning greatly reduced the cost of
later hand work.

Experimental Results on Thinning at Smithfield Substation

The Dominion Horticultural Substation, Smithfield, Ontario, carried out
thinning trials in the Lake Ontario region in 1948. The data obtained for one
orchard are presented in Table 12. Thinning was not so marked as in the trials
at Ottawa, but the chemicals performed in a similar manner. App-I-Set
(10 0z.) gave partial thinning on Wealthy and Fameuse, but overthinned
MecIntosh). Goodrite p.e.p.s. (24 1b.) combined with Goodrite Z.A.C. (4 1b.)
was ineffective on Wealthy, appeared to increase the set on Meclntosh and gave
Partial thinning on Fameuse.

TABLE 12—THINNING APPLES WITH CHEMICALS. W. A, FRASER'S ORCHARD, R.R.
No. 4, TRENTON, ONTARIO, 1948

Spray Concentration Variety Sﬁ‘fg:rgf Avg;:ge
Per cent,
App-L-Set.......cooviunnn... 1002, :100gal.............. Wealthy....|Calyx + 5 days..‘. 10-6
¢odrite p.e.p.s. + Goodrite
AC 241b.,41b.:1C0gal......... “ “ “ .. 210
Checke, ... . “ o .. 19-3
App-L-Set.... ... . 100z.:100gal.............. MeclIntosh. .. “ “ . 1-3
oodrite p.e.p.s. + Gcodrite
AC 241b..41b.:100gal......... “ .. “ “ 18-9
Checle. - 1oL T “ o 127
ADD-I.-‘Set ..................... 100z :100gal.............. Fameuse.... “ « 12-4
Oodrite p.e.p.s. + Goodrite 21 1b.. 3 Ib. : 100 gal “ “ . 41
AC. . Lt al. ........
Cheek, [/l % ..... §g .......... “ 24.0

Recommendations

Since seasonal conditions have an effect on the degree of thinning it is not
Possible as yet to give definite rates of application. This is further complicated
¥ the fact that varieties do not react alike. Until definite recommendations are
&vailable the grower without previous experience should use these chemicals
Cautiously. For trial purposes, the dinitros should be used at the rate of one
&nd one-third pints or three-quarters of & pound per 100 Imperial gallons, while
€ hormone compounds are applied at the rate of five ounces per 100 gallons.
he safest policy is to slightly under-thin with the chemicals and finish off
With tl.e hand thinning.
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Harvest Sprays

The pre-harvest dropping of apples is a problem which annually confronts
the commercial grower and in many years the resulting losses amount to thous-
ands of dollars. It was not until 1939 that Gardner, Marth and Batjer (2) first
reported the control of pre-harvest drop by the use of hormone sprays. This
discovery stimulated widespread interest among fruit research workers and in
subsequent years extensive trials were conducted. From these investigations it
was pretty well established that chemicals could be successfully employed as
pre-harvest sprays. Several manufacturers responded to the demand for drop
control chemicals, and commercial preparations in both liquid and dry form
were developed. In 1941 and 1942 harvest sprays were used commercially by
hundreds of growers in every apple growing region in the United States and by a
number of growers in Canada. The aeroplane was used for this type of spray-
ing; first in the state of Washington in 1944 when over a thousand acres of
apples and pears were treated. The following year the acreage covered by
plane spraying increased fifteen to twenty times. At the present time harvest
sprays, not necessarily applied by aeroplane, are a standard practice in the
control of harvest drop in all apple growing areas of both the United States
and Canada. :

Chemicals Used

Most commercial preparaticns contain either naphthaleneacetic acid, the
sodium salt of naphthaleneacetic acid or naphthaleneacetamide as the active
agent with carriers to facilitate their use in spraying or dusting operations.
2,4-dichlorophenoxyacetic acid (2,4-D) has been used as a harvest spray, but
it is specific to the Winesap varieties. More recently, 2-methyl-4 chlorophenoxy-
acetic acid, which differs from 2,4-D in that a methyl group replaces the two-
position chlorine atom, has proved superior to the sodium salt of naphthalene-
acetic acid on MeclIntosh.

Application

As in all spraying operations, the effectiveness of the material used is
dependent upon good coverage. The rate of application varies a¢cording to
spraving conditions, amount of foliage and fruit on the tree. Best results are
obtained when enough spray is applied to “wet” the entire tree. Time of appli-
cation is a very vital factor in the effectiveness of the spray. Under average
conditions the spray becomes effective within two days after being applied, and
reaches its peak in four to five days. The interval between application and
effect is longer during cool weather. A spray applied too early, especially on
MelIntosh, may lose its retarding effect before the crop is harvested. Best results
are obtained, especially with McIntosh, by waiting until a few good sized apples,
free of insect injuries, have dropped to the ground.

Effect on Trees

No bad effect of the spray on the tree, fruit, or foliage, has been recorded.
Some may wonder if the spray causes the leaves to hang on longer, thus
increasing the risk of winter injury. Apparently the effect on the leaves is
temporary and leaf fall takes place at the normal time. The effect on the
fruit is merely that of delaying its dropping by slowing down the processes taking
place in the abscission layer, thereby allowing for better colour development. This
improved colour and longer picking season is perhaps an even more important
feature of the spray than preventing fruit drop, since the demand for extra fancy
grades is increasing. The grower must exercise extreme care in using this spray
to attain fruits of better colour. It is a mistake to allow the fruit to remain on
the tree too long, for such fruits are too mature for long storage. Hormone sprays
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hasten the maturity of summer apples but apparently have little or no effect on
the fall and winter apples. This is of commercial importance since it results in a
considerable saving in the picking of the summer varieties.

Fig. 9—Fruits sprayed with naphthaleneacetic acid. Note that fruits have cracked and
are still clinging to the tree.

Varietal Di fferences

Varieties do not react alike. Harvest sprays, generally, are more effective
on the summer than on the fall varieties. The relatively high temperatures pre-
Vailing when the summer apples reach maturity are considered to be the main
contributing factor in this effectiveness. Melba and Yellow Transparent, for
€Xample, respond well to these sprays while MecIntosh is inconsistent.

yarl‘ation in Results

The successful use of harvest sprays depends on the condition of the tree.
Trees suffering from disturbances such as leaf scorch and winter injury do not
Yespond to these sprays. Rainfall is also a factor, and in relatively dry years the
Sprays are less effective.

Harvest Spraying Experiments at Two Ontario Loecations

Investigations with harvest sprays were initiated on pot trees of the Crimson
Beauty and U.S.D.A. No. 49 varieties in the greenhouse at the Central Experi-
Mental Farm, Ottawa. The results of these preliminary tests were so significant

dat large-scale orchard trials were conducted in 1940. Two commercial prepara-
lons, Parmone (napthaleneacetic acid) and Fruitone (naphthaleneacetic acid
Plug naphthaleneacetamide) were used. Data from the 1940 and 1941 experi-
Ments are presented in Table 13. The two preparations gave essentially the same
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control, and both were effective in reducing the pre-harvest drop of all varieties
included in these experiments. The sprays were more effective on summer than -
on fall and winter varieties. The period of effectiveness varied with varieties.
With Meclntosh the period was approximately one week; with Crimson Beauty,
Melba and Yellow Transparent two weeks. The addition of russian oil to the
harvest sprays, one-fourth of one per cent in an emulsifying agent (Bordeaux
3-6-40), did not increase the efficiency of the spray enough to justify its use.

TABLE 13—HARVEST SPRAY EXPERIMENTS, 1940, 1941

1940 : : 1941
Variety Percentage Drop Percentage Drop

Fruitone Parmone Check Fruitone Parmone Check
Crimson Beauty............ 4-9 9-3 300 .. e e
Yellow Transparent 26 ...l 148 |

1-0 0.7 10-2 14.75 14-25 32-00

12-8 24-4 6-50 5-75 9-25

27-9 47-8 11:00 12-75 31-50

0-5 " |......... 2:9 7:25 6-50 17-25

-0 | 66 7-50 7-25 13-75

2-1 25 53-75

62 |...... ... 6-25

. 50-00

8-50

19-75

23-75

In 1948, the 2-methyl-4 chlorophenoxyacetic acid, also known under the
trade names of “Toloxy” and “A-814”, was tried on MecIntosh at Ottawa. It was
quite effective when applied at a five-ounce concentration. The sodium salt of
naphthaleneacetic acid (5 0z.) moderately reduced the percentage drop, showing
better results than the four-ounce concentration of 2-methyl-4 chlorophenoxy-
acetic acid. Trials in the Lake Ontario region under the supervision of the Dom-
inion Horticultural Substation, Smithfield, Ontario, showed that both the four-
and five-ounce concentrations of A-814 were much better than the sodium salt of
naphthaleneacetic acid. To date this new compound appears te have promise
as a “Harvest Spray” for Meclntosh.

Recommendations

The standard recommendation for controlling pre-harvest drop of apples
is either naphthaleneacetic acid, the sodium salt of naphthaleneacetic acid or
napthaleneacetamide, all at five oz. per 100 Imperial gallons. On the basis of
one year’s results 2-methyl-4 chlorophenoxyacetic acid appeats to be promising
as a ‘“Harvest Spray” for McIntosh when applied at the rate of five oz. per 100
Imperial gallons.
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VEGETABLE CROPS.

W. Ferguson, L. H. Lyall, J. J. Jusmin
Statistical Analyses—H. B. Cannon

In presenting this section of the report attention is drawn to the fact that
much of the work was carried on in earlier years by T. F. Ritchie, now retired.

The vegetable crop work in the Division of Horticulture is planned for
application to wvarious phases of the vegetable industry. This industry has
become one of the major fields of agriculture in Canada and includes vegetable
production, vegetable seed growing and canning crop production.

The major lines of investigation include plant breeding with a number of
vegetable crops, various types of trials, foundation seed production, methods of
culture and weed control.

VEGETABLE BREEDING

One of the major lines of work in the field of vegetable crops is plant
breeding. Although the production of better vegetable varieties is the main
object, a number of special aims are followed. These aims include earliness of
maturity, increased yield, quality -and flavour, better appearance, adaptability
to canning and freezing and resistance to drought, wind, disease and insects.

With this in view a number of vegetable varieties were originated in this
Division in past years. Some served their purpose until displaced later by
lmproved varieties, others hold a prominent place in Canadian horticulture
and are widely grown. Recently developed varieties are now entering the
vegetable industry and new originations are being tested and evaluated to
determine their merit or usefulness. The progress made in plant breeding with
various vegetable crops is set forth on the following pages.

Asparagus

A selection was made from a plantation of the variety Elmira, at the Central
Experimental Farm. This showed excellent colour and freedom from asparagus
rust. It was propagated vegetatively -and the progeny tested for seed production,
The plants produced from seed remain true to the original type. This selection,
named Eden, is described as follows:

Eden

Origin.—~Selected from a plantation of Elmira; named in 1945. Plant
characters.—Vigorous. Long, compact, brittle spears, pale green with purplish
tips. Lateral branch buds and leaf scales remain compact for quite a long
Period making it possible to pack a large percentage of extra long first grade
Spears. Season.—Early. Adaptation—A wide range, making it suitable for most
localities. Resistant to asparagus rust.

Beans

Breeding work with beans has certain aims. Earliness has naturally been
& prime point. An acceptable variety producing pods in less than sixty days
I8 & benefit in those regions with a very short frost-free period and for early
Production in longer season localities. Stringlessness in the pods and quality are
desirable features. There is little advantage in earliness alone without these
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features. Naturally, yield must not be neglected in the breeding program. The
type of seed produced is also kept in mind, for it is considered that an improved
variety would have an added advantage if the dry seed is suitable in size,
appearance and quality for use as baking beans.

In carrying on the breeding work for the development of improved types
8 considerable number of varieties were used as parent material. Numerous
combinations were made and many selections tested. At present this work has
resulted in four suitable varieties, three of which have been named and one
is still under number.

Ace

Origin—Selection from the cross Round Pod Kidney Wax X Princess of
Artois from which the variety Pacer also originated; named in 1942. Seed
Characters.—Seed coat white, smooth, glossy with fine almost indistinct veining
and a narrow black line from end to end on the hilum side and encircling the eye.
This black mark also extends on either side of the eye from the radicle end,
either solid black or as fine dots or smudging. Kidney shaped with depressed eye
and bulging radicle; occasional seeds truncated on one or both ends, roundly
flattened in cross-section; about 60 per cent of the seeds bent slightly sideways;
measurements, 1-51 x 0-71 x 0-48 cm.; 94 seeds per ounce. Plant Characters.—
Dwarf, bushy, erect growing, compact; leaves medium to small, medium to
pale green. Flowers white, small, in pairs in centre of plant. Fruiting Habit.—
Pods in medium sized clusters hidden by foliage, occasionally showing above,
rarely touching ground. Waxy yellow, with slight greenish tinge in the early
stage. Straight, occasionally slightly curved back, roundly flat in cross-section,
full between seeds, stringless when young. Average length five inches. Brittle,
tender when young, developing strings toward maturity. Ripe pods thresh easily
and contain four to five seeds. Season.—Early, 54 days from planting until ready
for use. Ripe seed in 82 days. Adaptation.—Home or market garden for early

production and in short season areas where later maturing varieties are not
adapted.

Pacer

Origin.—Selection from the cross Round Pod Kidney Wax X Princess of
Artois. Named and introduced in 1941. Seed Characters—Seed coat white,
smooth, glossy with fine almost indistinet veining. Kidney shaped with depressed
eye and bulging radicle; occasional seeds slightly truncated, roundly flattened
in cross-section, occasional seeds bent sideways; measurements, 1-35 X 0-71 X
0-48 cm.; 98 seeds per ounce. Plant Characters.—Dwarf, bushy, average height
11 in., erect, compact, medium green. Flowers white, small, in pairs in medium
gized clusters showing above the leaves usually in centre of plant. Fruiting
Habit.—Pods in medium sized clusters, hidden by foliage, occasionally showing
above, rarely touching the ground. Waxy yellow with slight greenish tinge in
early stage; straight, occasionally slightly curved back, roundly flat in cross-
section, full between seeds, stringless when young. Average length 5 inches.
Brittle, tender when young, developing strings toward maturity. Ripe pods
split fairly easily and contain an average of five white seeds. Season.—Early,
54 days from planting to ready for use as green snap beans. Ripe in 82 days.
Adaptation.—Home or market garden for early production and in short-season
areas where later maturing varieties are not’adapted. Dry seeds excellent for
baking. !

Strider

Origin.—Selection from the cross Stringless Refugee Wax X Princess of
Artois. Named in 1945. Seed Characters.—Seed coat white, smooth, glossy with
fine almost indistinet veining. Hilum protruding, surrounded by a sunken
vellowish halo. Kidney shaped, occasional seeds truncated on one or both ends,
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roundly flattened in cross-section, occasional seeds bent sideways. About 102
seeds per ounce; dimensions 1-30 X 0-75 X 0:65 cm. Plant Characters—Dwarf
to medium height, bushy, erect, compact; leaves medium size, slightly tapered,
prominently veined; foliage medium dark green. Flowers white, carried well
above foliage. Fruiting Habit—Pods creamy yellow (almost white); flat to
oval in cross-section, slightly curved, stringless and tender. Adaptation.—Home
or market garden and possibly canning. Dry beans excellent for baking.

Ottawa BA-2

Origin—Numbered selection from the cross Red Kidney X Unrivalled Wax.
Seed Characters—Seed coat pale brown to brownish yellow; hilum white,
pronounced, surrounded by & dark brown ring. Kidney shaped, roundly flattened
and averaging 95 seeds per ounce; dimensions, 1:45 X 0-55 X 0-65 cm. Plant
Characters—Large, bushy, vigorous, tall, dark green with large leaves. Pods
long, slender, curved, flat to oval; pale green, stringless, tender with good quality
and flavour. Flowers pink to pale purple. Season.—Early, averaging 58 days
from sowing to ready for use. Adaptation—Home and market garden; some
resistance to Anthracnose.

Soybean

In addition to the bush beans, selection work has been carried on since 1934
to obtain a satisfactory type of vegetable soybean. Such a type is one which
would mature early enough to produce a seed crop during the normal growing
season. Large pods and seed are considered important for ease of picking,
handling and appearance. A mild flavour is also essential for use as an edible
green bean.

Seeds were obtained from numerous sources but the most promising was
from Raymond Kabolkin, Harbin, Manchuria. This was first tested at Ottawa
in 1934 and produced a number of types of plants ranging from dwarf to tall. By
continued individual plant selection, a desirable type was obtained which would
mature seed in 104 days at Ottawa and had large pods containing large edible
green beans for fresh use. The attractive dry_ seed has a black hilum from which
the variety takes its name Blackeye. It is a good yielder averaging 1,200
bounds and more of dry seed per acre. In fact this variety on a 4 acre plot at
Ottawa, yielded at the rate of 2,300 pounds per acre in 1948.

Further, the dried beaps contain almost 40 per cent protein and over 19
ber cent oil as shown by the following analysis on a moisture-free basis, by the

ivisicn of Chemistry, Science Service.

Protein (N X 6-25) 39-86%
Ether extract ..........co0vven. Ceel . 19:36%
Ash ......ooiiiens, e . 6-4%
Crude Fibre ................ . 4:38%

Nitrogen-free extract 30:36%
In addition, tests at Ottawa have demonstrated that the green beans make
an excellent, tasty and nutritious frozen vegetable.

Blackeye

Origin—Selection made in 1934 at the Division of Horticulture from soy-
beans introduced through the co-operation of Mr. R. Kabolkin, Harbin,
anchuria. Seed Characters—Seed coat smooth, semi-glossy; medium to pale
Breen, occasional seeds with very slight smudge of dark colour at hilum side;
Tound to roundly oblong, full to slightly protruding at the black hilum; dimen-
Slons average 0-95 X 0-87 X 0-71 cm.; 85 seeds per ounce. Plant Characters.—
tropg, upright, height about 18 in., slightly branching, stems hairy. Leaflets:
Medium large, abundant, hairy, rough, medium green. Flowers small, incon-
?Dlpuous in clusters on main stem and branches, pale mauve; well hidden in the
oliage. Fruiting Habit.—Pods set freely on main stem and branches. Pedicel
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very short and pods borne close to stem and branches, singly or in clusters of
two or more; measuring 6-35 to 6-51 X 1-27 X 0-87 cm.; curved back, flatly
rounded to oval in cross-section; pale green, hairy, tawny to light brown when
ready for use, turning to leather brown when ripe. Seeds, when ready for use
large, oblong, oval to round, oval in cross-section; attractive green, tender, mild.
‘When ripe, seeds reduce in size; moderately easy to shell. Harvesting should be
done when the plants are moist with dew. Season.—Tarly, 104-110 days from
sowing to maturity. Adaptation—Home garden and field production for shelled
green beans. Excellent for freezing,

Breeding Beans for Resistance to Disease

Recently the work with beans has been extended to include breeding for
resistance to the diseases, halo blight and common blight, caused by the bac-
terial organisms, Pseudomonas medicaginis var. phaseolicola and Xanthomonas
phaseoli respectively. These d'seases cause extensive damage to bean crops
throughout Canada.

This work in co-operation with the Division of Botany and Plant Pathology
was started in 1948 and therefore only a progress report is made here.

Some 91 varieties and strains of beans were grown in preliminary test
plots during 1948 to eliminate those which showed infection. Although no
attempt was made to inoculate these plants, every fifth row was a variety
known to be infected with the common blight organism. Most of the 91 showed
symptoms of common or halo blight indicating that the disease had been present
in the seed or had spread to the plant. However, the stocks which remained
free of these diseases during the season were:

Bountiful Noir de 'Hermitage Amélioré
Brittle Wax . Pencil Pod Black Wax

Coco Bicolor du Pape Refugee

Fordhook Favorite Round Pod Kidney Wax
French Horticultural Rustproof Golden Wax

Giant Stringless Green Pod Sensation Refugee 1066

Idaho Refugee Sensation Refugee 1071
Improved Kidney Wax Stringless Black Valentine
Logan Surecrop .

The foregoing list is probably larger than it would be if the season were
more favourable for the development of the disease.

In subsequent tests these blight-free stoeks will be subjected to epidemic
conditions under which bacterial water suspensions will be sprayed upon the
plants. Any resistant material will be propagated and efforts will be made to
incorporate this resistance into suitable varieties. During 1947 and 1948, thirty
seed stecks were subjected to inoculation in this manner in test plots in the
Division of Botany and Plant Pathology. None showed complete resistance but
three showed only slight infection. Seed from these plants is being increased
for further testing and breeding.

Beets

Since 1934, individual plant selections have been made with a view toward
developing a particularly good type of Detroit Dark Red beet that would be
prized for table quality and for processing. The features desired are uniformity,
appearance and rich internal colour. Continued selection and improvement have
resulted in the following strain:

Detroit Dark Red No. 16

Origin.—~Developed by individual plant selection and identified as Detroit
Dark Red No. 16 in 1944. Plant Characters.—~Upright, with a clear, well defined
crown of medium size. Top medium size; leaves upright, medium size, uniform
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reddish green with slight crinkling of younger leaves. As plants mature leaves
show more red or bronzing. Root.-—Globular to almost round, 4 to 4 above
ground when mature, full with considerable russeting. Tap root medium to
short, fleshy; clean and well defined, joining almost abruptly to base of beet
which is free from root hairs, smooth, dark to almost blcod red. Flesh dark red
with a little lighter zoning. This strain is usually darker red than the average
Detroit Dark Red. Season—Second early or midseason but suitable for early
bunching, about 65 days from seeding to ready for use. Adaptation.—Widely
adapted. Home, market garden, shipping or canning.

Carrots

Imprevement work with Chantenay carrot has been under way for several
years with a view to developing a strain which would meet with favour among
Canadian vegetable growers, Such a carrot should be uniform, refined, with a
pleasing smooth appearance and a rich internal colour, suitable for bunching
and with mature roots suitable for storage or processing.

The strain developed for this purpose and now known as No. 27 has
proved popular for its appearance, colour, flavour and storage qualities. Recent
tests at several agricultural institutions rate this strain high for colour.

Chantenay No. 27

Origin—Developed by individual plant selection and identified as Chan-
tenay No. 27 in 1945. Plant Characters—Growth medium to strong. Leaves
moderately fine, light green. Neck medium small, short. Root.—Broad-shouldered,
tapering slightly to a bluntly rounded: stump end, deep in ground with only rim
of crown showing. Length 42 to 5% in.; diameter at crown 2 to 24 in,, at the base
Wwhere root rounds off, 1 to 14 in. Single rat-tailed tap root extends from base.
Crewn slightly hollowed with well rounded shoulder. Appearance smooth;
lenticels shallow, small. Outer flesh good orange-red, shading to lighter colour
toward medium large, well defined, deep red core. Texture moderately fine, cri-
tender and sweet. Adaptation—Home, market garden, field crop, shipping &
canning,

Corn

. In the past years this Division originated and introduced several varieties .
Sweet corn. Such varieties as Banting, Dorinny and Pickaninny have bec
widely grown. Dorinny is still in popular demand particularly among ho: e
gardeners who desire an early, sweet, high quality corn. It is also popular as a
choice variety for freezing. These varieties have been described in earlier reports
from this Division.

Open-Pollinated Varieties

The preceding are all open-pollinated and until compuratively recently n
of the breeding work was devoted to the origination of improved open-pollinated
Varieties. Selection work was carried out on the progenies of the many crosses in
an attempt to combine and fix the desirable features of original parents in the
Offspring. This is a long slow process which must be carried through numerous
8enerations until segregation is complete, and there is the ever present possibility
of losing desirable characteristics by segregation,
Numerous crosses were made with a wide variety of parent material. A
Mumber of very promising selections have been obtained from this work including
€ two following open-pollinated varieties: ‘ .

Coldban

; Origin—By selection srom the cross Golden Bantam XBanting, and named
N 1938, Seed Characters—Amber yellow or golden, finely wrinkled. Plant
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Characters—Stalk medium to strong, upright, 57 inches high, Averages two
weak tillers per plant. Leaf medium to broad, medium long, slightly coarse. -
Tassel strong, spreading, producing pollen freely. Ear Characters—Average
length 6 in., husks numerous, extending well over ear tip, silks pale green; ear
slightly tapering at tip and usually well filled. Eight-rowed; occasional ten- and
twelve-rowed. Kernels golden yellow, broad, thick, deep, tender and easily
separated from cob. Season.—Early to midseason, ready for use in 71 to 78
days. Adaptation.—Home, market garden and whole ear canning.
Deorick

Origin—By selection from the cross Dorinny X Pickaninny and named in
19386. Seed Characters—Yellow, wrinkled. Plant Characters.—Stalk 55 to 60
in. high, erect, strong, a few weak tillers. Leaf coarse, short to medium, length
22 to 25 in., width 3 to 3% in. Tassel open, many branches, 8 in. from node to
lower branch, 11 in. from lower branch to tip; pollen abundant, vitality strong.
Ear Characters—Average length 7 in., silks green; usually two ears per stalk
borne 15 to 18 in. from ground at fourth node; diameter with kernels 1 in.,; with-
out kernels, 14 in.” Pedicel short, 12 rows, compact, tip blunt to pointed. Kernels
yellow, medium deep, broad, thick, rounded at tip; pericarp medium tender.
Season.—Early, 73 days from sowing till ready for use. Adaptation.—Home
garden; good quality for canning and freezing.

Hybrid Sweet Corn

In more recent years emphasis has been placed on the development of inbred
lines for producing first generation hybrids. The greater vigour and larger yields
which can be obtained from hybrid sweet corn have given added impetus to
this work.

In the past few years hybrid sweet corn varieties have largely, if not entirely,
replaced open-pollinated varieties in the canning districts of Canada, and the
same changes are taking place among the market growers. Improvements in
earliness, size of ear, yield and quality for fresh use, canning or freezing are
needed in hybrid sweet corn. .

Hybrid sweet corn seed is the seed produced from crossing two or more
parent lines. On a commercial scale this is done by growing the two parents in rows
side by side in the same field. Usually one row of pollen or male parent plants
is grown for every four or six rows of seed or female parent. The tassels are
removed from the rows of seed parent plants before they start to shed pollen.
Thus the silks on these plants are ensured pollination with the pollen from the
male or pollen plants. The hybrid seed produced in this fashion is used to grow
only one crop of corn. New hybrid seed must be produced for each generation.

To produce these hybrid sweet corn varieties, pure parent or inbred lines
are necessary. For this purpose some thirty~five inbred lines are at present main-
tained in this Division. The following show excellent promise for the production
of improved hybrids:

. Days to | Days to Rows of : Days to | Days to | Rows of
Inbred Line Silking | Tasseling| Kernels Inbred Line Silking Tasg;ling Kernels
49 48 8 56 55 10
51 50 8 56 54 8
50 49 16 56 55 12
56 54 12 57 56 8
61 - 61 12 61 57 12
56 54 8 68 66 10
55 54 120 e e
e

A number of these lines originated as selections from varietal crosses and
others from named varieties. The inbred CO-17 (C-3) was originally obtained
from the Connecticut Agricultural Experiment Station.
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A desirable early hybrid has been produced and designated under the number
Ottawa CH-1. It follows Dorinny closely in season, has excellent quality and
larger ears. It proved very well adapted to freezing and superior to many other
varieties in tests at Summerland, British Columbia, and at Ottawa, Ontario. This
variety should prove popular in many parts of Canada for fresh use-and for pro-
cessing.

Ottawa CH-1

Origin—A single cross hybrid produced by crossing the Ottawa inbreds,
C0-29 and CO-13. Seed Characters—Golden yellow, well wrinkled, averaging
137 seeds per ounce. Plant Characters—Usually 64 to 68 in. tall, dark green;
green silks, two or three tillers. Ears well covered with a thick husk, borne close
to the stalk on the third or fourth node about 16 in. from the ground. Ten-rowed,
length 6-5 to 7 in., diameter with the husks removed 1-6 in. Kernels golden
Yellow when ready to use, excellent in quality. Season.—Early, 77 days from
Sowing until ready for use. Adaptaticn.—~Home or market garden and especially
good for freezing.

In addition to CH-1 there are other promising hybrids still under test. These
a.refall single cross hybrids. All are still under number and are described briefly
as follows:

Ottawa CH-2

A hybrid produced from the inbreds CO-29 X CO-11. A good yielder, early,
- With ears averaging 7-3 inches long by 1-5 inches in diameter and 8 to 12 rows
of large kernels. Quality good but not quite equal to CH-1. Because of its
earliness, good ear size and good yield, this hybrid may have a place as a home
garden, market or canning type.

Ottawa CH-3 ,
A hybrid produced from the Ottawa inbreds CO-13 X CO-102. The plant
&verages 58 inches in height, slightly earlier than CH-1 and ready for processing
In 74 days. It yields an average of 1+3 marketable ears per plant. Tillers vigor-
Ous, often producing ears suitable for table use but not for processing. ILars
Usually 8-rowed, 5-8 inches long and 1-4 inches in diameter. XKernels deep,
8olden, tender and sweet. It rated high in freezing tests, is remarkable for its
Prolific character and high quality, and may be of value for market and: freezing.
e small size ear is its chief disadvantage. ‘
Ottawq CH-4
_Produced from CO-100 X CO-14. A medium late type requiring 84 days
Unti} ready for processing. This has rated very highly in freezing tests. Plants
Vigorous, erect, averaging 63 inches. Ears average 7-1 inches in length, 1:6
Inches in diameter with 8 or 10 rows of kernels which are golden, wide, deep
nd thick. This hybrid appears promising as a freezer or a canner. .

Ottawa cH.5
. Obtained from CO-101 X CO-110. It averages 85 inches in height; is late,
ie%l]uring 85-90 days until ready for use; productive, with ears averaging 7-4
II{IC es in length and 1-9 inches in diameter, with 10 to 14 rows of kernels.
€Tnels are golden, wide, thick and very deep. This hybrid produces a fine
earing good quality corn of canning type.
Ottarq cH.6
u . Produced from CO-108 X CO-20. A medium late type requiring 83 days
Dtil ready for use. Average height 80 inches with 1:6 marketable ears per
ant. Mostly 12-rowed, with small proportions of 10- and 14-rowed ears. It
88 good quality, is heavy yielding and may be well adapted for canning.
48665—5
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Ottawa CH-7

A hybrid involving the cross CO-110 X CO-18. Late, ready for use in 85
days, a heavy yielder. Ears average 6-5 inches in length and 1-7 inches in
diameter; the majority are 12-rowed with some 10-rowed. XKernels golden, deep,
with a tender pericarp and good flavour. This may be of value {or canning.

In the production of these single cross hybrids one of the principal objectives
has been to combine high yield and large ear size with the top quality of some
of the older inbred and open-pollinated lines. Thc hybrids described in the
foregoing are notable for their good quality and are superior in this respect to
many of the standard hybrids tested at Ottawa up to this time.

Onions

The onion breeding program before 1934 was aimed at developing a high
quality, early maturing, long keeping onion. Several crosses were made, but
selection work has been slow since each generation requires two years to produce
seed. The process has been hastened to some extent by growing seed crops in
the greenhouse during winter but this has been very limited. Each of the seed-
producing bulbs must be isolated with a cage or bag, at least in the earlier segre-
gating generations. The flowers must then be pollinated by hand, or by the
introduction of bees or flies into the cage.

In addition to this earlier work, a series of crosses was made in 1936-37.
With a view toward producing a good keeping, mild and white skinned variety
some of the mild white onions were included. The progenies of these latter crosses
are still showing some segregation, but include some promising material.

From the older crosses a number of promising lines have been isolated. Two
of these have been placed under number and are as follows:

Ottawa ON-1

A selection from the cross Flat Red X Yellow Globe Danvers. Skin yellow
and texture fine as in Yellow Globe Danvers. Of medium size, definitely
flattened with an approximate shape index (equatorial diameter divided by polar
diameter) of 1-6. Exceptionally early maturing and an excellent keeping onion.

Ottaswwa ON-2 .

A selection from the cross Bermuda X Ebenezer. Skin tan-yellow, and the
outer skin tends to be rather thick in the dry state. Bulbs round to very
slightly flattened with an approximate shape index of 1-1. It is not quite s0
early as ON-1 and is an excellent storage onion.

Peas

Breeding work for the improvement of garden and canning peas has been
carried on at the Division of Horticulture for a number of years with definite
progress. The variety Tiny has already been introduced to the canners and has
met v]v]“ith some favour as a high quality, very small seeded canner. It is described
as follows:

Tiny

Origin—Selection from the cross Winged Sweet X Pois de Roston, made i?
1925 and named in 1932. Dry Seed.—Small (380 per ounce), wrinkled, squared;..
medium green, shading to cream. Plant.—Medium to tall, approximately 38 in-
Internodes medium length; some branching. Leaflets medium green. A proliﬁc
cropper. Flowers—White, medium size, borne singly and in pairs. Pods—
Small, average length 2 in., depth (dorsal to ventral side)  in., breadth 4 1#
Slightly curved backward, ends blunt; medium green. Green Peas.—Sm& L
average diameter o in., free in the pods in the early stages, becoming crowde
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at maturity; six peas per pod; medium to pale green; medium quality. Season.—
idseason, requiring 65 days from sowing to ready for use. Adaplation.—
anning as a very small pea.

Field Selections for Resistnce to Root-Rots

From 1934 to 1936, the emphasis in breeding and selection work was upon
the improvement, of canning and garden peas by combining earliness of maturity,
heavy yield and good quality. It became apparent also that selection work
could be carried on in the field for disease resistance. Root-rots (especially
Fusarium sp.) had become quite prevalent and it was possible to note definite
varietal differences. In 1935 and 1936, a number of selections from the numerous
crosses made in previous years showed real promise. Two of these selections have
been developed into named varieties which have a wide range of adaptability
and are suitable for prairie conditions. They are:

Engress

. Origin—Selection from the cross English Wonder X Laxton Progress made
In 1922 and named in 1935. Dry seed—Large (89 per ounce), very wrinkled,.
flattened to very slightly squared. Cream to pale green. Plant.—Height approxi--
mately 22 in., stem branching, internodes relatively short; leaves medium size;.
dark green. Flowers.—White, borne singly, occasionally in pairs. Pods—Large,.
length 34 in., depth 3 in.,, breadth 3 in. Green Peas.—Large, round-oval,
averaging 6 per pod; attractive green, very tender and sweet and retaining these:
qualities over a long period. Season—Second early, requiring about 64 days:
until ready for use. Adaptation—Home and market garden. Considerable
tolerance to heat and drought conditions.

Laxall

Origin—A selection from the cross Laxton Progress X Earliest of All
Named in 1936. Dry Seed.—Very wrinkled, squared, cream to olive-green (175
Per ounce). Plant—Small, sturdy, with a single, erect, zig-zag stem. Height
averages 14 to 18 in.; foliage dark green. Flowers—White, borne singly or in
bairs.  Pods.—Straight, semi-blunt, well filled, average length 24 to 3 in., dark
green, Green Peas—Medium to small, dark green, high quality, average 6 per
pod. Season.—Drought resistant home garden type well suited for Western

anada; some resistance to Fusarium root-rot. )

The increasing prevalence of the soil borne Fusarium root-rot disease has
bl‘qught about the initiation of breeding work designed to produce disease
Tesistant, horticulturally desirable types. Some of the smooth-seeded field pea
Varieties possessed apparent tolerance to this disease. They included the varieties
Sterling, English Marrowfat, Brown Eyed Susan, Alaska, White Elephant, Small

ound and Green Scotch. The good quality wrinkled seeded varieties which were
Used included Lincoln, Thos. Laxton, Giant Stride, Prince of Wales, V.C.,

merican Wonder, Onward, Quite Content, Laxall and Laxton Progress. A
Bumber of combinations were made with these varieties, and by 1937 when most
Of the selections were in the fifth generation there was some evidence that
Superior types would be obtained. In this work no artificial inoculations were
Iade, but the various segregations from the crosses were grown on disease
Infested moil. Certain of the crosses made in this series have produced selections
Which, although not highly disease resistant, do possess other valuable character-
Istics. Noteworthy among these are the varieties Smallton and Alton which are

Scribed as follows: -

Smailton

1 Origin.—Selection from the cross Small Round X Thos. Laxton made in
929 and named in 1937. Dry Seed —Medium size (143 per ounce), almost round!
1868553



68

to slightly flattened, finely wrinkled; pale green to cream. Plant.—Tall, average
" height 45 to 55 in., strong, vigorous; leaves medium large, medium green.-
Flowers.—White, borne singly and in pairs. Pods.—Borne well up from the
ground, length 34 to 3% in., slightly curved, blunt and borne singly or in pairs.
Green Peas—Good quality, firm texture, medium to dark green. Season.—
Midseason, about 43 days to flowering and from 60 to 70 days until ready for
use. Adaptation.—Moderately susceptible to Fusarium root-rot, but especially
well suited for freezing because of the good colour and firm texture of the
green peas. ‘

Alton

Origin.—Selection from the cross Alaska X Thos. Laxton made in 1929
and named in 1938. Dry Sced.-—Medium size (113 per ounce); square to semi-
flat, wrinkled; green and cream to grey-green. Plant.—Medium height, averag-
ing 36 in., stem nearly straight with one or two branches, erect habit of growth;
leaves pale to medium green; prolific. Flowers.—White, borne singly. Pods.—
Borne well up from the ground. Average length 2% in., straight, blunt; medium
to dark green. Deeper than Alaska and round in cross-section. Usually 3 to 4
pods ready for canning at one time. Green Peas.—Average 6 per pod, medium
to large; medium to dark green; flavour sweet; pericarp medium tough and does
not break down in processing. Season.—55 to 60 days until ready for use. Adap-
tation.—A high quality, early variety for canning and freezing and well adapted
to field production. Also useful as a home and market garden variety.

Field Selections for Tolerance to Ascochyta Blight

In 1938 work was begun on selection of pea strains for their tolerance to
Ascochyta blight. The disease had become prevalent in the Gaspé area of
"Quebec and in some Ontario localities. A number of the more advanced segre-
gations from Ottawa crosses were sent to Gaspé for trials. Results were hot too
promising and it was decided to begin a systemnatic search for resistance to
‘Ascochyta blight. This experiment 1= still in progress and is discussed in more
detail under the section on “Breeding and selection of peas for resistance to
Ascochyta blight”. ' : .

From 1939 to 1948, emphasis has been on disease resistance and the only
new crosses made have involved some of the strains of peas showing partial
resistance to Ascochyta pisi. However, since a large numbe: of crosses had been
made from 1929 to 1939, there were still a great many segregates available for
-testing and selection in the field.. Several of these appear very promising for
tolerance to root-rots or as processing tvpes. Two such strains are as follows:

Ottawa PE-1

Origin—S8election from the cross Dwarf Telephone X Forty Days. Dry
Seed—Medium size (140 per.ounce), somewhat rounded drum shape, well
wrinkled; green with a small percentage of greenish cream seeds. Plant.—
Medium to tall, averaging 42 in., straight stems and upright habit. Foliage dark
green, medium to small leaflets. A prolific eropper. Flowers—White, majority
borne in pairs, some singly. Pods.—Borne well up from the ground; small, average
length 24 to 2§ in.; roundly blunt, straight, slender, dark green. Green Peas.—
Small, averaging 6 to 7 peas per pod, firmly packed. Good green colour and good
quality. Season-—Midseason, requiring about 64 days until ready for use
Adaptation.—Soine resistance to Fusarium root-rot and to some strains of Asco-
chyta pisi. Suitable for home and market garden and as a heavy yielding mid-
season canner with possibilities for freezing.

Ottawa PE-2.

[

i ‘,,‘,__Oﬂgz'n.,—Selection from the cross Dwarf T lephone >< Moscow White. Dr¥
eed.—L.arge (86 seeds per ounce); deep-flat, well wrinkled; cream.and green: .
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Plant —Medium height, averaging 30 in.; stem stout, moderately zig-zag; leaf-
lets large, medium green. Flowers—White, mostly single but occasionally in
Pairs, Pods.—Large, average length 3} in.; borne singly, medium slender,
straight and blunt, somewhat similar to Dwarf Telephone pods. Green Peas.—
Good dark green, 5 to 7 peas per pod; medium sweet with medium tough skin.
Season.—Midseason to late, requiring about 40 days from sowing to bloom and
62 to 70 days until ready for use. Adaptation—Home and market garden; pro-,
duces over a fairly long period. Its good colour and firmness make it suitable
f(;lr freezing. Stands up well to Fusarium root-rot and moderately well to Asco-
chyta pist. ‘

Further testing is being carried out with the almost homozygous selections
from many of the crosses made before 1939. At present 34 of these strains are
under test. These include several which appear to have a uspful place as can-’
hing freezing or market types. In this selection work the ability of a selection
to resist disease infection in the field has been one of the principal factors on
which selections are based. This has resulted in the isolation of several horti-
g}l;lturally desirable strains which possess a high degree of tolerance to disease in

e field. . ‘

Breeding and Selection for Resistance to Ascochyta Blight

In recent years, with the intensified production of peas for canning, freezing
and market, certain pea diseases have assumed considerable importance in
Ontario and Quebec. The diseases caused by Ascochyta species of fungus have
become widespread. These diseases are caused by one or all of the three organ-
isms: Asccchyta pisi, Ascochyta (or Mycosphaerella) pinodes and Ascochyta
Pinodella. Of these A. pist is the most widespread in Eastern Canada, while
4. pinodes if present, causes the most serious injury. A. pist is a leaf, stem and
pod gpot which, if serious, will prevent the pods from reaching the canning stage
Or cause severe damage in the form of leaf, stem and pod lesions. In addition
to leaf, stem and pod lesions, A. pinodes also causes a severe foot-rot. 4. pinodella-
18 a foot-rot organism. L ) o ‘

In 1939 a project was initiated at the Division of Horticulture in an attempt’
to find resistance to both A. pist and A. pinodes. The first tests were made with

oth these: organisms, but in later tests it was decided to concentrate on
he gearch for resistance to A. pisi. The experiments have been carried.
out in the greenhouses of the Division of Horticulture, while the disease isolates

ave been maintained and inoculum supplied by the Division of Botany and

lant Pathology, Science Service. Over 100 strains, varieties and species of peas
have been subjected to inoculation with either one or both of the disease organ-
lsms, A. pist and A. pinodes. In some cases single plant selections were made on
the basis of disease resistance and progeny tests were carried out. The test sample
of each pea strain consists of 50 plants grown in greenhouse flats. Inoculations
are carried out in a large glass moisture chamber capable of holdmg 500 plants.
«Dfection counts are made and the plants within each pea strain are grouped into
Reaction Classes” giving an indication of the resistance of the strain of peas and
O its degree of homozygosity for resistance.

Discyssion of Results

" The first few tests involved a number of standard varieties of peas, but
Consisted mainly of established selections from crosses made by the Division of
Orticulture. Certain of the Ottawa selections showed a high degree of resistance

4. pisi. These strains were propagated, tested and reselected until they

" 8Ppeared to have reached homozygosity for resistance or partial resistance. The
anSt promising selections were A-100 and A-101. The former is a selection of
S"C' X American Wonder and the latter a selection from the Ottawa variety
Wonder (Green Sweet X English Wonder). No useful resistance was found to
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A. pinodes, although it was noted that many of the pea strains differed sig-
nificantly in their reactions to the disease. No relationship was apparent between
reaction to A. pist and reaction to A. pinodes.

As the process of variety and strain testing progressed, it became apparent
that different physiological races of the disease organism were present. This
was evident when new disease isolates used as inoculum produced results which
differed from those obtained in previous tests on the same strains of peas. In
Test 9 (1945-46) a number of pea strains, which had been selected because of
their high degree of resistance to A. pist in previous tests, were subjected to
inoculation with an isolate of A. pisi not previously used.

The selections from the cross Green Admiral X Horal, previously considered
highly resistant, proved very susceptible to the new disease isolate while selec-
tions of other crosses were still highly resistant. In these tests it was evident that
pea selections which were homozygous for horticultural characteristics might
still be heterozygous in their reactions to inoculation with A. pisi. However, in
Test 10, as a result of further selection, a number of selections from the cross
V.C. X American-Wonder appeared to be practically homozygous for complete
immunity and showed no significant differences in their reactions to the disease.
In this same test the check varieties were highly susceptible, and moderately
resistant strains were heterozygous in their reaction.

In Test 11 study was made of the effect of 20 different disease isolates,
collected from as many sources in Canada and England, on the “resistant” pea
selection, A-100, and on the “susceptible” variety, Thos. Laxton. Twenty-five
plaln‘zs of each of the two pea strains were inoculated with each of the 20
isolates.

The results showed that A-100, although highly resistant to the majority
of the isolates, was definitely susceptible to others, while the “susceptible’
wariety, Thos Laxton, actually showed greater resistance to four of the isolates
than did the variety with greater general resistance. To three other isolates -
both varieties showed resistance with no appreciable differences between their
mean reactions. This suggested a high degree of resistance even for the
“susceptible” variety to certain disease isolates. It is possible also that this
might indicate a general lack of virulence on the part of certain races of the
pathogen.

It was apparent from these tests that various combinations of resistance
and susceptibility to different races of A. pist may exist in pea varieties.

In 1947 and 1948 samples of & number of pea strains were tested in field
plots. Results of the 1948 test indicated that an Ottawa selection of the pea
sub-species, Pisum sativum elatius, might possess considerable resistance to
A. pist. In a further greenhouse inoculation test, two selections from this same
.:fed stock have shown almost complete immunity to a highly virulent strain of

. pist.

Single plant selections have been made from these disease resistant strains
and will be propagated for further breeding and testing.

Breeding work is now under way in an attempt to transmit the partial
resistance of the pea strains, A-100, A-101, A-107 (an Austrian Winter selec-
tion) and Pisum elatius to more desirable horticultural varieties.

A knowledge of the different races of the disease organism and their effect
on different pea varieties will be important in carrying on further breeding work *
for resistance to A. pist. ~

Spinach

The four types or groups of plants commonly found in most varieties of
spinach are extreme males, vegetative males, females and hermaphrodites. The
first two do not produce seed. The extreme males are undesirable; they are
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early bolting, have small leaves and the pollen will transmit these characters
to seed bearing plants. The vegetative males produce good type plants but since
such plants produce male flowers only they shed pollen but do not bear seed.
The hermaphroditic plants which bear male and female flowers produce seed
as do the female plants. '

The presence of extreme males in seed fields presents a serious problem to
the seed grower. In addition, the Canadian Seed Growers’ Association will not
grant “Registered Status” to seed crops of the Bloomsdale group, which have
More than 12 per cent extreme males or to seed crops of other varieties with
more than 8 per cent. \

Work was started in 1942 to overcome this situation and to provide
Canadian seed growers with a suitable source of seed. Seed from individual
plant selections was sown in the greenhouse during winter months. From the
Drogeny, selected monoecious or hermaphroditic plants were isolated. The seed
from these plants was planted for further selection. After several generations a
humber of selected lines were obtained all of which were hermaphroditic and
uniform. These were recombined and have produced two generations of seed
which are entirely hermaphroditic in tests at Ottawa. However, co-operators
at other institutions across Canada have not always reported complete herma-
Phroditism. Trials were conducted in 1947 and 1948 at Saanichton, B.C.;
Vancouver, B.C.; Edmonton, Alta.; Winnipeg, Man.; Ottawa, Ont., and
Macdonald College, Que.

In 1947 a total of 400 plants were grown at these localities and in 1948 the
Progeny of this stock, totalling 413 plants, was tested. The reports showed the
ollowing results: ’

1047 1948
Hermaphrodites .......c.oooveviveinnn i 72% 899
Females ....covvvvereiniinininneeinataio i, 23% 6-3%
Vegetative Males .........covvvvniciieiiiiniiin, 4% 4-4%
Extreme Males .........covivveneiniiriinn, 1% 0:3%

In 1947 two localities, Vancouver and Ottawa, reported 100 per cent herma-
Phrodites. In 1948 Winnipeg and Ottawa reported all plants hermaphrodites.
The progress made at present shows this stock to be very well suited for
both production and seed growing. It is expected that further improvement may
Tesult in a good strain of Long Standing Bloomsdale which will be completely
ermaphroditic in all parts of Canada.

Tomatoes

Tomato breeding in the earlier years at the Division of Horticulture had
88 jts main objectives earliness, quality and produc’olvrby. By 1934, two of
the earlier originations, Abel and Bestal, were being grown as standard varieties.
el especially had proved valuable for its exceptional earliness combined with
Moderately good quality and yield. Breeding work was continued along these
lnes for several years. A great many controlled crosses were made within the
copersicon esculentum species, and the most promising selections from these
Were tested at Ottawa and other stations across Canada. One of these, Globonnie,
Performed well in various parts of Canada as & medium early, high quality
¥Pe for garden and canning.

cl"bonnie

+ _Origin—Selection from the cross Livingstone Globe X Bonny Best; named
:1 1935. Plant—Indeterminate, vigorous growing, strong, spreading to moder-
otely upright, leaves large and plentiful. Fruit—Medium size, averaging 4-6
Unces; round, smooth, ripening evenly to the calyx. Skin strong, thick, deep
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red. Internal structure firm; cell walls thick and meaty. Flavour mild to almost

sweet. Texture firm and good. Szassn.—Midseason, requiring about 75 days from
setting out until ready for use. Adaptation.—Staking or growing as an unstaked

variety. Suitable for canning, home or market garden.

From 1935-39, the crosses made were principally between various standard

varieties in an effort to obtain earliness combined with quality and other desir-
able characteristics, A great many progenies were grown and evaluated for
their possibilities as canning, market or home garden types. Results were not too
promising with this material, although one cross Abel X Marglobe made in
1935, showed some .useful appearing segregations.
‘ In 1939-40 a new series of crosses was made. The parents were varieties
or selections which in trials at Ottawa had shown earliness, high yielding ability
or i}l;l some cases apparent disease tolerance (to Septoria and Alternaria leaf
blight).

Crosses with L. pimpinellifolium did not result in any outstanding selections
since in all cases the earliness of L. pimpinellifolium was associated with very
small fruit size. Backcrossing resulted in increased fruit size, but loss of the
extreme earliness. No selection from the L. pimpinellifolium crosses had more
than a moderate tolerance to early blight (Alternaria solani). Certain of the
crosses with the North Dakota State College introductions did produce some
promising selections. One of the best of these was a selection of the cross N.D.
303 X Ventura, an indeterminate type, the fruit of which showed the uniform
colour gene (pale green skin) of the N.D. 303 parent.

Among the cosses made in 1938-39 was one, Rutgers X Allred. Rutgers is
a high quality, vigorous late variety with some tolerance to Alternaria and
Septoria, while Allred is a very early North Dakota variety, dwarf determinate
in habit, with good red coloured fruit of medium size. Selections from this cross -
showed some value in 1940 because of their compact plant habit and good red
fruit colour.

By 1942, selections of the crosses Abel X Marglobe, N.D. 303 X Ventura
and Rutgers X Allred were showing up very well, especially the Abel X Mar-
globe selections. In 1942 one of these latter selections was the highest yielding
and earliest strain in a test of 21 varieties. Many of the aforementioned crosses
were made in the early years of the war and it was found impossible to continue
adequate selection work during the war period. However, by 1946 this work
was resumed on & wider scale, ,

The best of the Abel X Marglobe selections was placed under number as
Ottawa TO-3. This variety has met with approval at several stations because
of its exceptional earliness, good yielding ability and good quality. A brief
deseription follows: ‘

' Ottawa TO-3

Origin—Selection from the cross Abel X Marglobe made in 1935. Plant.—
Indeterminate, vigorous. Larger than Abel but less vigorous than Marglobe.
Moderately spreading habit. . Foliage medium green with medium size leaflets.
Fruit—Medium size, occasionally small; average equatorial diameter 2§ in.,
polar diameter 1% in.; weight 3:5 0z. Smooth, free from ribbing or roughness.
Immature fruit, dark green on shoulders but bright red when ripe. Tendency to
rather pale core. Locules occasionally greepish but green tinge lost when fruit
is fully ripe. Season.—Early, about 65-70 days from setting out to ripe fruit,
about one week earlier than Abel. Adaptation.—Principally an early home or
market type, but may be used as a heavy yielding canner.

Two other very promising selections were placed under number at the same
time: These are TO-4 (Rutgers X Allred) and TO-10 (N.D. 303 X Ventura).
TOf-‘LushOWS particular promise as a canning type. These selections are described
as follows: : ‘
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Ottawa TO-4 :

Origin—Selection from the cross Rutgers X Allred made in 1939. Plant.—
Determinate, but not extremely so, compact; foliage dense, dark green; leaflets
medium size giving fairly good coverage to the fruit. Fruit—Medium size aver-
aging 46 oz.; slightly flattened to globe, smooth at both blossom and stem ends.
Exterior colour deep red, flesh dark to medium red, core tends to be rather light.
Texture and flavour good. Season.—Midseason, ripe in 75 days from setting out.
Adaptation—A desirable canning variety also suitable for market where a non-
staking type is desired. Fairly tolerant to early blight (Alternaria solani).

Ottawa TO-10

Origin—Selection from the cross N.D. 303 X Ventura made in 1940.
Plant.—Indeterminate, vigorous, staking type. Leaflets medium size, dark green,
giving good foliage cover. Fruit—Medium to small, carried in large
trusses, average fruit weight 2:7 to 30 oz. Very smooth, practically
no stem or blossom end cavities. Immature fruit pale green (uniform
colour gene). When ripe, exterior colour bright red; flesh medium red occasionally
tending to pale red. Core small, texture medium good, walls thick. Resistant
to skin cracking. Season.—Midseason, 75-78 days from setting out. Adaptation.
~—Good yielding home or market garden type; well suited to staking. Especially
useful for its comparative freedom from cracking and- splitting.

As mentioned before breeding work was curtailed during the war but was
renewed in 1946. In all there were 76 second and third generation progenies
grown in addition to 14 selections in more advanced stages. From the Fy and Fg
strains 52 selections were made. The principal objectives in making these selec-
tions were earliness, good fruit colour, desirable plant habit, disease resistance
and general suitability for canning or market purposes. Early blight (Alternaria
Solant) was quite prevalent in the plots, although late blight (Phytophthora:
wmfestans) was not present. This selection work was continued in 1947 when there
- Wag a severe infection of early blight. All selections were rated for degree of free-
dom from early blight and it was apparent that there was a great deal of varia-
tion between and occasionally within the strains. Among the many parents used
In these crosses, certain ones appeared to transmit at least moderate early blight
resistance to their progeny. The better parent strains were Lycopersicon pimpin-
ellifolium, Early Rutgers, Devon Surprise, Golden Perfection, Danmark and
Ottawa TO-8.

In 1948 selection work was continued with these strains. Several appeared
Promising as canning types and those which had reached a reasonable degree of
Uniformity in plant and fruit types were placed under number as follows:

Ottawa TO-14

Selection from the cross Schtambuvy X Bounty made in 1941. Plant
oderately determinate, somewhat open, fruit medium size. Interior and exterior
good red.colour with uniform skin colour and very little cracking. Season early.

possible canning variety. :

Qttawa TO-15

Selection from the cross Rutgers X Redskin made in 1941. Determinate,

tompact with fair leaf coverage. May have some resistance to early blight.

ruit rather small, very little cracking, good red skin and flesh colour, uniform
skin colour. Very prolific; early.

_Onawa T0-16

. Selection from the cross N.D. 38 X Early Rutgers made in 1941. Indetere
Minate but compact. Appears to have some tolerance to early blight. Fruit
48665—86
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medium to large, good red skin and flesh colour, uniform skin colour. Early,
very smooth and firm and a good possibility for canning.

Ottawa TO-17

Selection from the cross Bounty X Early Rutgers made in 1941. Deter-
minate. Fruit uniform colour, good red skin and flesh colour when ripe; large,
meaty and smooth. Midseason, slightly later than Bounty but more vigorous and
gives better cover. Shows promise as a canner or a market type.

Ottawa TO-18

Selection from the cross (Jan-ru X Farthest North) X Bounty made in
1941. Determinate, rather open foliage habit. Fruit medium size, firm, very
smooth, globe shaped. Fruit uniform colour; when ripe, skin a good red; texture
quite strong. Flesh medium good colour, very firm and mild in flavour. Very
early and may be useful for its earliness or as a canner.

Further breeding work was carried on in 1948. Several of the well established
Ottawa varieties were used in combination with other varieties or species in an
attempt to give them better size, colour, disease resistance, increased vitamin C
content, ete. .

In using the Andean species L. peruvianum and L. hirsutum some difficulties
were encountered. The hirsutum species failed entirely to set fruit when either
self- or cross-pollinated. L. peruvianum at first behaved in the same manner,
but later in the season one plant set fruit from self-pollinated flowers. Cuttings
from this plant later set fruit freely in the field. However, successful crosses were

obtained by using peruvianum and hirsutum as pollen parents on esculentum
flowers.

The first generations from all these crosses were grown either in the field or in
the greenhouse. The crosses with L. peruvianum proved fertile and set fruit and
seed readily. Plant and fruit characters were intermediate between the parental
types. The crosses with L. hirsutum failled to set fruit and in one cross, San
Rais X L. hirsutum, the Fy plants showed a progressive necrosis of the leaves,
only the upper growing tip remaining green. Scions of this type were grafted to
normal esculentum plants of the Abel variety, but the necrosis continued on the
scion portion. Apparently this is a genetic factor and in fact it is evident in &
much milder form on the L. hirsutum parent of these crosses. This hybrid is
being maintained vegetatively in the hope of obtaining flowers and backerossing
it to the esculentum parent. The F; of another cross, Sparx X L. hirsutum,
gshowed the same type of necrosis plus a small percentage of non-necrotic,
extremely vigorous plants very similar to the hirsutum parent. After a lengthy
growing period these finally set fruit which contained undeveloped seed.

This work is being continued and integrated with the work on resistance to
late blight. Thus where certain varieties or species are known to possess some
degree of resistance to late blight, then the segregating Fs progenies of crosses
of these strains are subjected to inoculation with the late blight organism.

Breeding for Resistance to Late Blight
(Phytophthora infestans)

Late blight on tomatoes is caused by 'the fungus organism Phytophthora
infestans (Mont.) de Bary, the same organism which causes late blight of
potatoes, Because of economic losses caused by this disease, a co-operative
experiment has recently been undertaken by the Division of Horticulture and
the Division of Botany and Plant Pathology, Science Service, for the purpose
of breeding or selecting horticulturally desirable strains of tomatoes resistant
to the late blight organism. '
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. The preliminary tests for resistance are made by means of greenhouse
Inoculations. These tests are carried on in the greenhouses of the Division of
Horticulture, where the plant material is assembled and grown. Disease material
18 provided and examinations are made by the co-operating officer of the Plant
Pathology Division. The disease inoculum consists of a spore -suspension in
distilled water, which is sprayed on the plants when they are about four to five
inches high. The plants are grown in wire-bottomed greenhouse flats, fifty
-plants to a flat. Two flats of each of ten strains are placed at random in a
moisture chamber at the time of noculation. The humidity of the moisture
chamber is kept high and the temperature relatively low (50° to 60°F.). After
Inoculation the plants remain in the chamber two to four days, by which time
disease injury is normally quite apparent.

In April, 1948, the first preliminary test was made, mainly in order to
ascertain the virulence of the late blight inoculum available at that time. Four
varieties of tomatoes, two of them known to be highly susceptible, were
Inoculated. Individual plants were classified according to their reaction to the
disease and a mean reaction value was thus obtained for each tomato variety.

he variety, Stokesdale, because of its very definite susceptibility, was selected
for use as a check variety in future tests.

The technique was used in one full regular test in the fall of 1948. This
test involved two standard varieties and eight second generation progenies of
Ottawa crosses. These crosses had been made primarily with a view to obtaining
Some resistance to Alternaria solani (early blight) but it was thought advisable
to obtain their reaction to late blight.

In neither the preliminary nor the first regular test was any indication of
registance found, although the varieties, San Rais and San Marzano, appeared
to be somewhat less susceptible than the other strains tested. This work 1s being
continued and will involve the testing of a large number of varieties and species
now available for this purpose. If resistance is found, attempts will be made
to incorporate this into desirable horticultural varieties,

- Seed Production and Verification Trials
Seed Production .

Seed production of a number of varieties has been an important phase of the

vegetable work during the past fifteen years. Continued and careful selection
have improved the quality and purity of varieties originated in this Division
and others grown as foundation seed. The foundation seed work is carried on
In close co-operation with the Canadian Seed Growers’ Association and the seed
is used as the basis for much of the registered and certified vegetable seed
produced in Canada.
* The production and importance of foundation seed have increased greatly
during the past seven years. At present there are 268 assignments of vegetable
varieties for foundation seed production. Certain Provincial and other sources
are responsible for 94; the Dominion Experimental Farms Service carry 174 of
which 49 are assigned to this Division as follows:

Bean.—Masterpiece, Pacer, Pencil- Pod Black Wax, Round Pod Kidney
Wax, Stringless Green Pod and Tendergreen.

Beet—Detroit Dark Red No. 16. :

Cabbage.—Chieftain Savoy, Danish Ballhead and Golden Acre.

Carrot.—Chantenay No. 27 and Imperator.

Citron.—Red Seeded.

Corn.—Banting, Dorick, Dorinny, Goldban, Pickaninny and Dorking.
48665—63}
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Cucumber.—Delerow and Mincu.
» Eggplant.—Blackie. '

Leek.—Giant Carentan,

Lettuce.—Grand Rapids.

Onion—Red Wethersfield and Yellow Globe Danvers No. 11.
Parsnip—Hollow Crown.

Pea—Alton, Director, Engress, Kootenay, Laxall, Laxton Progress, Lax-
tonian, Onward, Prince of Wales, Thos. Laxton and Tiny. ‘

Radish.—Comet and Saxa. .
Soybean.—Blackeye.
Spinach.—Bloomsdale.
Squash—Golden Hybbard and Kitchenette.
Swiss Chard.—Lucullus,

" Tomato.—Abel, Bestal and Globonnie.
Turnip.—White Top Milan.

The distribution of all foundation seed produced at the Dominion and some
Provineial institutions to the growers of registered seed is handled through this
Division. A seed list of available foundation stocks is prepared and circulated
each year to those interested in registered seed production. The increasing value
and usefulness of these stocks are shown by the distribution of various quantities
in the last three years to different seed producers; 29 varieties in 1946, 34 varieties
in 1947 and 51 in 1948.

Commercial seed growers can produce four generations of registered seed of
close-pollinated varieties from foundation seed and two generations from open-
pollinated varieties of foundation seed. In each case the last generation of regis-
tered seed can be used to produce one generation of certified seed. :

Yerification Trials

Verification Trials are conducted in co-operation with the Canadian Seed
Growers’ Association at various Dominion and Provineial agricultural institutions
ineluding the Division of Horticulture. The seed samples, prior to 1944, were
taken from seed crops produced for registration. After successfully meeting the
requirements for purity and trueness to type in the Verification Trials, the stocks
were granted registration by the Canadian Seed Growers’ Association. Since 1944
the trials have been confined to verifying seed stocks grown for foundation status.
. This reduces the number of verifications and permits the use of much larger popu-
lations in the trials. The Canadian Seed Growers’ Association grants foundation
status to the seed stocks based on the combined reports of the Verification Trials
at several testing stations subject, of course, to pathologists’ reports on the health
condition of the seed stock. : '

The number of stocks tested in this Division varies each year from 50 to 100
samples depending upon the material to be tested. For example, a verification
on a radish sample can be made on a 60 ft. row which would not require more
than 90 square feet but a verification on a tomato sample requires 1,000 square
feet and a sample of squash or pumpkin requires 2,400 square feet. Therefore,
a much larger number of verifications of the smaller type of vegetable can be
accommodated in a given area. The reports vary with the different kinds of vege-
tables but in general they include all pertinent dates, plant formation, maturity,
colour, measurements for size and shape, quality and other details. As stated
above this information may be compared or combined with that from several
testing stations.



77

Vegetable Varieties Showing Promise in Merit Trials

The purpose of these trials is to test new varieties for merit or value in differ-
ent parts of Canada. The trials are organized from this Division. Seed samples
are obtained from plant breeders and experimental institutions in Canada and
other countries and from various seed companies.

This material is then grown in trial grounds at the Division of Horticulture
at Ottawa and by co-operators in trial grounds at other institutions across
Canada. Theze co-operators are:

Professor A. F. Barss, University of British Columbia, Vancouver, B.C.

Dr. R. C. Palmer, Dominion Experimental Station, Swmmerland, B.C.

Professor R. J. Hilton, University of Alberta, Edmonton, Alfa.

Professor E. T. Andersen, University of Manitoba, Winnipeg, Man.

Dr. E. F. Palmer, Horticultural Experiment Station, Vineland Station,

Ontario.
Professor H. R. Murray, Macdonald College, Que. -
W. G. Sallans, Plant Products Laboratory, Sackville, N.B.

The information obtained from these trials is used to indicate the usefulness:
and superiority of a variety. This may show up in several ways as: Regional
suitability, home, market garden or special adaptation for canning and freezing,
season, yield, type of growth, appearance, flavour, colour, quality, resistance to:
disease or insect pests and particular qualities which might be of value in plant
breeding. ‘

Several hundred varieties of vegetables have been tested. Naturally some
varieties did not show any particular value; in other instances material showed
merit in some localities and not in others, which indicated regional suitability.
Occasionally samples were included in the ttials which were not exactly new to
_ the seed trade or to the growers but their value in different parts of the country

was not known.

A comparison of the results from the different trial grounds indicates that
the following-varieties are worthy of mention as having merit or value:

Beans

Ace~—Seed was obtained from the Dominion - Experimental Statiom,
Kentville, N.S.. where selection has been maintained. The variety originated at
the Division of Horticulture at Ottawa and is described on page 60. It had some
merit- at the University of Alberta, Edmonton, as a very early wax podded
variety of medium quality. It matures in about the same season ag the flat
" podded varieties Pacer and Princess of Artois.

Cherokee Waxr—Seed was obtained from the Harris Seed Company,
Rochester, New York. The variety itself was developed by the South Carolina
Truck Experiment Station at Charleston, S.C. It was developed as a “sport™
which appeared in a stock of Black Valentine. At Winnipeg and Sackville it
was a heavy yielding bean, considered as having high quality and good possi--
bilities for processing. It was highly regarded at Ottawa but was badly affected’
with bacterial blight. Cherokee Wax is a large, vigorous bush type with ovall
to flat, yellow, stringless, and almost straight, pods. Quality is not quite so.
good as the variety Logan.

Logan.—Seed was obtained from Vaughan’s Seed Company, Chicago, U.S.A..

e Logan variety is an origination of the United States Department of Agri~
tulture, resulting from the cross United States No. 6§ Refugee X Stringless Black:
Valentine. It was popular in the trials at Vancouver, Edmonton, Winnipeg;
Vineland, Ottawa and Sackville for its earliness, quality and good yield. Logam
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is a bush bean with pods which are green, round, stringless and tender. It is
suitable for market gardening and processing. This variety may prove generally
popular. It shows some freedom from disease but is not completely resistant to
halo or bacterial blight.

Merton Selection No. 22X —Seed was obtained from John Innes Horticultural
Institution, Merton, England. It showed possible merit at Ottawa and Vineland
in 1947. A bush shell bean; seeds white, medium size, short, plump, “navy”
type. Pods pale green, short, stringy and straight. This was a very early
and productive variety. At Ottawa pods were ripening in 82 days, which may

be early enough to escape serious infection by bacterial blight. However, it was
not, immune.

Ottawa BA-2.—A numbered variety developed at the Division of Horti-
culture and described on p. 61. It showed merit at Ottawa and Vineland,
Ontario, and at the University of British Columbia as an early to midseason
bush variety with an abundance of attractive pale green pods. The season at
‘Ottawa is 56 to 58 days; at Vineland it is rated as late, while at the University
of British Columbia, it is ready for use in 71 days (early). Moderate tolerance to
bacterial blight was observed at Ottawa and Vancouver.

Pacer—The result of selection from an original cross made at the Division
of Horticulture, Central Experimental Farm, and described on p. 60. It is
principally valuable as a dry-shelled type which yields heavily under a great
variety of climatic conditions. In the very young stages it is stringless and can
be used as a yellow-podded snap bean before other varieties are ready. The
dry seed .is white and has good baking quality. This variety has proved satis-
factory on the prairies, in British Columbia, Nova Scotia, Northern Ontario
and at Fort Vermilion in northern Alberta.

Strider —Also introduced from the Division of Horticulture. The descrip-
tion may be found on p. 60. It showed merit at Ottawa and at the University
of British Columbia. An early to midseason bush variety, 75 days at the Uni-
versity of British Columbia and 60 to 64 days at Ottawa. The pale yellow flat
pods and white seed are its chief attractions. At Vancouver it is considered a
good canning type with easily harvested pods.

Lima Beans

Early Market—Seed obtained from the Harris Seed Company. The variety
was originated by.the United States Department of Agriculture. It was suf-
ficiently early for the growing season at Winnipeg where it was considered to
have good yield and quality and was of value for home and market use. At
Vineland, Ottawa and Macdonald College it showed merit as a heavy yielder
of good quality beans although at Macdonald College it was not so early as
Henderson Bush. Usually, however, it is an early, good yielding variety produc-
ing large, broad, green beans of excellent quality. It is well adapted for freezing
and fresh use.

Henderson Bush—Seed of this variety was obtained from Xenneth
McDonald & Sons Seed Company, Ottawa. Although not a new variety it was
included for comparison with Early Market. It is an early, dwarf bush type
producing small seed. At Vineland it is recommended as a good freezing
variety and at Macdonald College it showed earliness, good yield and no disease.
Soybean '

Blackeye—Another development from the Division of Horticulture, -and
described on p. 61. As a vegetable soybean, this has proved popular and has
considerable merit. It is best suited for regions with a medium to long summer
gince it requires 105 to 110 days to grow from seed to full maturity. The dry
soybeans have a protein content of 39-86 and an oil content of 19:36 per cent.
It makes a very good green vegetable when shelled and cooked like peas. The
green beans also make a very satisfactory frozen product.



79

Beet

Detroit Dark Red No. 16.—A distinctive strain of Detroit Dark Red,
selected at the Division of Horticulture, Central Experimental Farm. It is an
exceptionally high quality strain with & uniformly deep red flesh colour; excellent
for table, market or canning. ‘

Cabbage

Rossebo.—Seed received from Jens Roll-Hansen of Norway. This variety
showed possible merit at Ottawa in 1947. Although showing great variation, the
strain offers some possibilities as a late fall cabbage. In general it appeared to
be a round headed type with medium length stems. Heads were compact and
of high quality. At Ottawa it was free from black rot, which was prevalent
in Danish Ballhead and other varieties in adjacent rows.

Stavanger Torg—Seed from Jens Roll-Hansen, Norway. It was thought to
have some utility at Vineland, University of British Columbia and Ottawa.
Although listed as an sutumn type this appears to be more of a midseason
variety. It shows considerable variation. Leaf colour medium to dark green;
stems short; head shape variable but the majority round topped with rounded
to tapered base. Size small to medium, but very firm, compact and of good
quality. It would be worth further frial as a midseason cabbage of high
quality.

Carrot

Amsterdam.—Seed of this variety came from the originator, Masereuw’s
Zaadteelt en Zaadhandel, Enkhuizen, Netherlands. All the testing stations
recommended it highly. It was considered excellent in quality and colour, suit-
able for home and market garden and possibly for canning. Its chief merit
appears to lie in the high quality of the root. It was considered as having some
Possibilities as & bunching carrot. The roots are slender, well shaped, parallel
sided, stump rooted, with slightly rounded crown. The core is very small and.
the interior colour is deep orange. The tops, however, are small, which may be
a disadvantage in & bunching carrot. At Ottawa this variety was not considered
Superior to the present registered strain of Amsterdam carrot. Although the
Canadian registered strain is a somewhat heavier root, it also has fine quality
and a larger top more suitable for bunching. :

Chantenay No. 27 —A strain selected at the Division of Horticulture, Central
Experimental Farm. It is & medium short type of Chantenay notable for its
uniformity, smoothness, good yield and quality. It has done well in most parts
of Canada where the Chantenay type of carrot is grown. It is suitable for
bunching and especially good for storage. -

Corn

Golden Bounty—Seed obtained from Dupuy & Ferguson Seed Company,
Montreal, and favourably regarded in the trials at several localities. It was
Considered a good late variety, suitable for canning at Vancouver, Summerland,
Vineland, Ottawa and Macdonald College. In general, this hybrid is a.vigorous
but late maturing variety with the upper ear approximately 27 inches from
the ground. Ears are attractive, long and thick, and average 12 rows.

Lethsun Hybrid—A sweet corn hybrid developed at the Dominion Experi-
Mmental Station, Lethbridge, Alberta. It showed possible merit as a very.early
Variety three or four days later than Dorinny at Ottawa. Ears are 6 to 7 inches
long and average 12 rows. This had some promise at the University of British
Columbia as an early, good producer, but tended towards flintiness at Ottawa.

Ottawa CH-1—An origination from the Division of Horticulture, Central
Experimental Farm at Ottawa and still under number. This hybrid is described



80

on p. 65. At Summerland it was recommended as a good, early, uniform variety

with very sweet tender kernels. Similarly, at Vineland, Ottawa and Sackville it

showed merit for earliness, uniformity and high quality. In addition, both
Summerland and Ottawa rated it a high quality freezing variety.

Sugar Prince-—Seed obtained from the Dominion Experimental Station at
Morden, Manitoba, where the hybrid was originated. It was introduced in 1946.
At Vancouver it showed promise as a good, sweet, second early variety and is
recommended for that region. At Winnipeg, Vineland, Ottawa and Macdonald
College it was regarded as a good, early or second early variety, useful for home
and market gardens and with good possibilities for canning in certain regions.
The ears are large, average 7 to 74 inches in length and 12 rows of kernels. The
upper ear is carried about-14 inches from the ground.

Vinegold.—Originated at, and seed obtained from, the Horticultural Experi-
ment Station at Vineland, Ontario. At Vineland, Ottawa, and Macdonald College
it was recommended as a good, late maturing variety, high yielding, with good
quality and uniformity. It also indicated merit as a desirable canning type as
well as being useful for the home and market garden. It is a strong growing
variety. The plants average a height of about 7 feet and the upper ears are
carried well above the ground. It is highly productive with ears averaging 7 to
8 inches in length and 12 rows of kernels.

Cucumber

Delcrow.—-An origination of the Division of Horticulture, Central Experi-
mental Farm. It is not a new variety but is worthy of mention here because
of its outstanding qualities. It is an excellent greenhouse cucumber and is now
grown extengively by a number of greenhouse growers. Delcrow is also a
popular garden variety in many districts and is grown as far south as Texas.
In addition to these uses, it has the merits of high quality, a small seed cavity
and a smooth uniform appearance.

Ohio No. 31.—Seed received from the Ohio Agricultural Experiment Station,
Wooster, Ohio. It is a selection from the cross Tokyo Long Green X National
Pickling. In 1946, this did well at Vineland, yielding well and producing good
quality fruits somewhat larger than other pickling varieties. A midseason type;
it was considered rather late and with no special merit at other stations although
it is claimed to be resistant to mosaic.

Muskmelon

Farnorth 151 —The Dominion Experimental Station at Morden, Manitoba,
is responsible for introducing the strain. At Winnipeg, Vineland, Ottawa and
Macdonald College it was highly regarded as & desirable early maturing melon
suitable for the home garden and local market. It yielded heavily and the melons
showed good quality. In addition, this variety has also shown up well in New

" Brunswick under the short season conditions prevailing there. Although not
completely pure, it has good merit as a very early ripening, small size melon.

Watermelon

Early Canada—Although not a new variety, seed of this was obtained from
Scott-Bathgate Seed Company, Winnipeg, to test its usefulness in various parts
of Canada. This variety appears to have some merit and matured ripe fruit at
Macdonald College, Ottawa, and the University of Manitoba, The fruit has a

- pale green skin, is oblong to ovoid in shape, and has pale to medium red flesh.
It is & medium size melon, slightly larger than Northern Sweet.

. Northern Sweet.—Another established variety. The seed was also obtained
from Scott-Bathgate Seed Company for trial in various parts of the country. In
trials at Ottawa, Macdonald College, University of Manitoba and University of

o
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Alberta, the red flesh colour and the quality were superior to Early Canada but
the fruit was not quite so large. Fruit ovoid to oblong, skin dark green.

White Mountain—Although the seed was received from the Dominion
Experimental Station at Morden, Manitoba, the variety was originated by Dr.
A. F. Yeager of the New Hampshire Agricultural Experiment-Station. This
watermelon met with favour at Winnipeg, Vineland, Ottawa and Macdonald
College. Its chief merit lies in its earliness and its small size, which makes it
an ideal home garden type. It may be termed an ‘ice box’ type of watermelon.
It is about 4 to 5 inches in diameter and 5 to 8 inches long. The flesh is deep
red and extends almost to the outer rind. It has good flavour and texture but &
slight tendency to split when ripe.

Onion

Kenearly Yellow—Developed from an off-type plant which appeared in a
plot of Early Flat Red, at the Dominion Experimental Station, Kentville, N.S.
It showed merit in 1945 and 1947 at the University of ‘Alberta, Edmonton, and
University of British Columbia, Vancouver, and was particularly valuable for
its earliness at Edmonton. At Ottawa this is 10 days earlier maturing than
Ebenezer or Yellow Globe Danvers No. 11, but it shows rather poor storage
qualities. Bulbs are yellow, very flat, small to medium in size, and somewhat
like Ebenezer. :

Yellow Globe Danvers No. 11.—Strain selected from the variety Yellow
Globe Danvers at the Division of Horticulture. This onion has proved popular in
all short season districts in Canada. It has a useful place on the prairies, in the
regions around Port Arthur and Fort William, in the Maritimes and other short-
summer districts. It also has shown very good possibilities as a marsh or muck
soil onion. Its chief merit lies in its early maturity, excellent storage qualities
and good appearance. .

Peas

Alton—Developed at the Division of Horticulture, and described on p. 68
Alton is a promising early type well suited to canning. In season it is two or
three days later than Alaska and about the same season as Thos. Laxton and

Wisconsin Early Sweet. Ready for canning in 55 to 58 days. The merit of this -
variety lies in its earliness, upright habit, high yield, and excellent quality and
colour for canning and freezing. » ‘

Chief —Seed obtained from Stokely-Van Camp Canning Company, Trenton,
Ontario. The variety was developed by Rogers Bros. Seed Company, Chicago,
US.A. In the 1946 trials this variety did very well at Ottawa, Sackville, Vine-
land and the University of Alberta. At Sackville it stood up well to drought
conditions. It is & medium to tall variety, height varying from 30 inches at the:
University of Alberta to 50 inches at Vineland. Season is early to midseason,
being from one to two weeks later than Alaska. Quality much superior to
Alagka. It is suitable for canning and freezing although rather light in colour
when canned. Pods are straight, blunt; average length 2-6 in. with 5 to 7 peas
per pod. Sieve size 4 to 6. .

Engress—Another origination from the Division of Horticulture and
described on p. 67. It is a high quality variety suited to home or market gardens
and possibly processing. This variety has proved quite adaptable to varying
climatic conditions. It does very well at Ottawa and is one of the top yielders in
the prairie trials, showing considerable tolerance to dry weather conditions, At

tawa it has consistently shown moderate tolerance to Fusarium root-rot
under field conditions.

__ Fenland Wonder—Grown at the Dominion Experimental Station at Kent-
ville, N 8., as & selection from Witham Wonder, It is not a new variety but has
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not been widely known. It was very highly regarded at Vancouver, Winnipeg,
Vineland and Sackville. These institutions were impressed with its earliness,
which is the same season as Alaska, its high quality and good yield. It was also
regarded as a very suitable variety for early canning. The plants are about
20 to 24 inches tall, with pods 24 to 3% inches long, pointed and straight to
slightly curved. There are 5 to 8 tender medium green peas per pod.

Lazall—This variety originated at the Division of Horticulture. It is
described on p. 67. It is a dwarf variety (14 to 18 in.) which shows considerable
promise as a home garden type. Has been particularly successful under prairie
conditions, where it stands up well to drought and wind. For several years it has
had a high degree of resistance to Fusarium root-rots under field conditions
at Ottawa. It is an early, high yielding variety with good quality.

Ottawa PE-1.—Developed at the Division of Horticulture, Central Experi-
mental Farm, Ottawa, and still under number. It is described on p. 68. At
Edmonton it ranked as an exceptionally heavy yielder and one of the best of
48 midseason and late varieties grown there and was considered suitable for home
garden, market garden and canning. In addition, Summerland, Winnipeg,
Vineland and Ottawa, all rated-this variety very highly for its yield, quality
and suitability for both garden and canning.

Smallton.—An origination from the Division of Horticulture, Central Experi-
mental Farm, and described on p. 67. This variety did well at several stations:
Sackville—vigorous plants, heavy producer; Ottawa—midseason, very good
quality for freezing; Vineland—tall, midseason, good quality; and the University
‘of Alberta—tall, stocky and well adapted for canning and home usc.

In general this appears to be a useful midseason variety for processing,
especially for freezing.

Pepper

T-612—This pepper variety, although still under number, is a development
from the Dominion Experimental Station at Morden, Manitoba. At Edmonton,
Winnipeg, Vineland, Ottawa and Macdonald College it showed up very well as a
heavy yielding, early type of pepper with a fine sweet flavour, somewhat similar
in shape to California Wonder. Although the stock is not perfectly pure it
should prove a good, early, desirable type for many areas in Canada.

- Vineland 511.-—Originated at the Horticultural Experiment Station at Vine-
land Station, Ontario, from a double cross using Harris Earliest, Sunnybrook
and Oskosh varieties. In 1947 this showed merit at several stations. It is a
medium size, early, tapered variety of the Windsor A type. At Macdonald
College it was rated earlier than Windsor A, productive; at Ottawa, free from
disease, early to midseason, productive, sweet; at the University of British .
Columbia, much earlier than Calwonder, firm, good for stuffing and for shipping,
free of insects and disease, productive; and at Vineland, a good early, productive
strain, which may require further selection.

Squash

‘Buttercup.—Although given the name Buttercup this apparently is a selec-
tion from that variety developed at the Department of Horticulture, University
of Sagkatchewan, Saskatoon. From its appearance in, the trials at the various
testing stations, this stock appears to have been selected with a view to reducing
or doing away with the turban or bitton at the blossom end of the fruit. As a
result, this strain has almost ceased to be a turban type. At Edmonton, Winni-
peg, Ottawa, and Macdonald College it was considered a good desirable type of
squash with excellent quality and should be satisfactory for home and market
gardens, :
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Tomato

Danmark Hybrid.—Seed received from Mr. T. Bacher, Horticultural Experi-
ment Station, Virium, Lyngby, Denmark. An indeterminate variety which
yielded well at Ottawa and Macdonald College. Because of its small fruit size
this variety is unsuitable for field culture in Canada, but may be a good
Possibility for greenhouse forcing especially since it is claimed to have resistance
to Cladosporium leaf mould.

Early Alberta.—Although seed was obtained from the University of Alberta,
the variety was originated by Mr. A. Fruno of Edmonton by crossing Bison with
an unnamed yellow variety. It is a very small, determinate type plant, with
small, red, early ripening fruit. Considered to have some merit at the University
of Alberta because of its ability to ripen a good crop in that area. It did not
appear to have a place at other stations because of its small fruit size and
susceptibility to Alternaria blight.

Longred —Produced at the New York Agricultural Experiment Station,
Geneva, N.Y. In the 1947 trials at Macdonald College, Ottawa and Vineland,
this variety showed considerable promise as a canning type. It is indeterminate,
vigorous, with good foliage cover of finely divided leaves. The fruit, globe to
slightly elongated, has good red skin and flesh colour.

Morden—~A new yellow variety produced at the Dominion Experimental
Station at Morden, Manitoba, from an original cross, Bristol X Round Smooth.
It is a vigorous, determinate, yellow fruited variety with medium to large fruits
of good quality. In the 1946 trials at Ottawa and Vineland, Ont.; University of
Manitoba, Winnipeg, Man. and University of Alberta, Edmonton, Alta., this
Wasd a very satisfactory yellow fruited type, well suited to home and market
garden,

Ottawa TO-3—This tomato still under number was developed at the
Division of Horticulture, Central Experimental Farm, Ottawa. It is described
on p. 72. It appears to have regional suitability; was two weeks earlier than
Quebec No. 5 at Edmonton, and at Winnipeg and Ottawa was rated as one of
the earliest and best yielding varieties on trial. In addition to these merit trials,
1t has also shown up as an early, high yielding type in Prince Edward Island
and in the canning areas of eastern Ontario where, in replicated trials, it produced
184 tons of graded canning quality tomatoes per acre, of which 14 tons graded
a8 Canada Grade No. 1. It would appear to have merit as an early home and
market garden staking variety and may have good possibilities as a canner.

Ottawa TO-4—Another numbered strain originated at the Division of
Horticulture. Central Experimental Farm, Ottawa, and described on p. 73. Its
chief merit lies in its possibility as a canning crop variety for the longer season
regions of Ontario. At Vineland, Ottawa, and Macdonald College it rated highly
83 a commercial variety for the canning industry. Its determinate or bush
habit will permit closer planting than the standard varieties already in use in
tanning regions of Ontario. The plants are uniform and heavy yielding, and

e fruit colour is an exceptionally good red. In the canning region of eastern

tario it performed well in replicated field trials and would permit considerably
closer planting than the 6 by 3 feet planting distance used. Nevertheless, it
Ylelded 17} tons of canning grade tomatoes of -which 14 tons were classed as
Canada Grade No. 1.

. Quebec No. 6—Seed was obtained from the W. H. Perron Seed Company,
Llrmted, Montreal. The variety was originated at Laval University, Quebec.
t Edmonton this variety was 17 days earlier maturing than Earliana. At
ancouver, Vineland and Ottawa it showed merit as an early, good yielding,
Well coloured variety for both home and market garden. It is apparently more
Vigorous than Earliana and has smoother fruit. It is indeterminate in habit .
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so that it is suitable for staking but can also be grown unstaked since it does not
‘cover a large area.

Signet.—The seed was obtained from the Dominion Experimental Station
at Summerland, B.C., where the variety was developed. At Vineland, Ottawa,
and Macdonald College it appeared promising as an early; good yielding, uniform
type. From its habit of growth and the relatively small uniform fruit this
variety might have promise as a greenhouse or forcing type. It is vigorous and
lends itself to staking.

Vineland 85-11.—An origination from the Horticultural Experiment Station
at Vineland Station, Ontario, developed from the cross Italian X Marglobe.
It is a large, vigorous, indeterminate plant; midseason in type with a good yield
of globe-shaped, good red-fleshed fruit, averaging 5 ounces in weight. Its good
size, colour and productivity make it a possibility for canning. Marketable yield-
was less than that of TO-3 but greater than Bounty.

Variety Trials and Recommendations

Variety trials have been carried on at the Central Experimental Farm for
many years. At present these consist of 300 to 400 varieties involving 20 to 30
different erops. This variety testing is distinet from such trials as the Verifica-
tion Trials and Merit Trials and serves several very useful purposes.

It provides a means of assessing the value of many of the introductions cata-
logued by the seed trade each year and allows a comparison between them and
older standard varieties.

"It provides standards of comparison which are essential to the evaluation
of selections produced by breeding work.

It serves a useful purpose in providing demonstrations of the different
varieties.

As a result of these tests it is possible to draw up an annual list of the
varieties which are best-adapted to conditions in the Ottawa area. The varieties
recommended are:

Asparagus ...... v...Mary Washington,
Beans. .............. Bush type i
Green Podded—Stringless Green Pod, Supergreen, Logan, Tender-

green.
Wax Podded—Pacer, Strider, Round Pod Kidney Wax, Cherokee
Wax, Puregold. '

Pole type ‘
GreeB P&t:)dded-——Kentucky Wonder Wax, Stringless Blue Lake,
ecatur, . -
) Wax Podded—Kentucky Wonder Wax.

Beet ....ooovvvnnnn. Detroit Dark Red, Crosby’s Egyptian.
Broceoli ............ De Ciceo. .
~Cabbage .....oovnens Early: Golden Acre, Viking,

Midseason : Copenhaien Market, Jersey Wakefield, Glory of Enkhuizen,

Marion Market

Late or Winter: Danish Ballhead (or Hollander), Penn State Ballhead,.
Chieftain (Savoy).

Red for Pickling: Red Rock or Red Adre.

Chinese: Chihli.

Carrot ......oovnens Bunching: Amsterdam, Nantes, AImperat:)r.

. - Storage: Chantenay, Imperator, Danvers Half Long.
Cauliflower ......... Snowball, Erfurt.
Celery ...ccvvvnnns .Green: Utah, Summer Pagcal.

Golden: Cornell No. 19, Golden Plume.
105 177: | R, Red Seeded, Green Seeded.
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Corn .............. Home use:
Early—Dorinny, Pickaninny, Seneca 60.
Midseason—Golden Bantam, Marcross.
Late—Golden Cross Bantam.

Market garden: .

Early—Seneca 60, Priscilla. ,
Midseason—Mareross, North Star. .
Late—Vinegold, Seneca Chief, Golden Cross Bantam.

Cucumber .......... Slicing: Marketer, Delerow, Cubit, Straight Eight, Early Fortune.
Pickling: Mincu, National or Snow Pickling.

Eggplant ........... New Hampshire Hybrid, Blackie, Black Beauty.

Leek ............... Giant Carentan. -

Lettuce ............. Leaf type: Grand Rapids, Black Seeded Simpson.

Crisp head: Great Lakes, Imperial 456, Imperial 847, New York 515,
New York 12, Cosberg.
Butter head: Big Boston, Wayahead, Mayking.

Muskmelon ........ Farnorth, Honey Gold, Golden Champlain, Delicious, Bender’s Surprise.
Onion .............. Early Yellow Globe, Yellow Globe Danvers No. 11, Ebenezer, Red
Wethersfield.

For transplanting: Sweet Spanish, Yellow Globe Danvers No. 44,
For pickling: White Portugal or Silverskin.

Parsley ............ Moss Curled.

Parsnip ............ Hollow Crown or Guernsey.
Pea ..., Early: Wisconsin Early Sweet, Alton, Thos. Laxton.

Midseason: Laxton Progress, Engress, Little Marvel.
Late: Onward, Stratagem, Prince of Wales, Perfection, Director.

Pepper ..oiviinien.. Sweet: Harris Earliest, Windsor A, King of the North, Pennwonder.
. Hot: Hamilton Market, Hungarian Yellow Wax.

Pumpkin .......,...Sugar, Connecticut Field. . .

Radish ............. Scarlet Globe, Saxa, French Breakfast, Sparkler or Scarlet Turnip White
Tip, lecicle. ) :

Rhubarb .......... Macdonald, Ruby, Valentine, Early Sunrise, Canada Red.

Spinach ............ Bloomsdale, King of Denmark, Northland (Viking or Heavy Pack).

Squash ......7...... Golden Hubbard, Green Hubbard, Kitchenette, Butternut, Table Queen -
Des Moines or Acorn), Buttercup.

Swiss Chard ........ Lucullus. '

Tomatg ............ Bush type: Early Chatham, Bounty, Red Cloud.

Staking type: Abel, Quebec No. 5, Geneva John Baer, Stokesdale No. 4,

\?aliant. ]

Turnip ..ocvvve..... Summer: White Top Milan, Purple Top Milan.

Swede or Rutabaga: Laurentian, Acadia.
Vegetable ‘Marrow ..Long White Bush, Long White Trailing.

Tomatoec

. As part of the variety testing program, replicated plot trials are conducted
with different tomato varieties. Varieties showing promise in the smaller pre-
1I.Imnau'y trials are placed in these trials for comparison with older standard varie-

es. Nine varieties are tested each year with six replications of each variety.
The tomatoes are grown unstaked and yields are recorded. Table 14, arranged
In order of earliness of varieties, gives results of the 1948 trials.

In this test Red Cloud and Ottawa TO-3 gave the heaviest early yields with
Do significant difference between them. Abel and Ottawa TO-5 were not signifi-
tantly lower than Ottawa TO-3. . ' '

In total marketable yield for the season there were no significant differ-
ences between Bounty, Red Cloud, Ottawa TO-5 and Clark’s Early. Red Cloud
(the second heaviest yielder) was not significantly higher than Ottawa TO-3.
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Ottawa TO-5 although well up in both early and total marketable yield is
a rather small fruited type, being smaller than Red Cloud and Ottawa TO-3.

Lima Beans

In 1948, seven varieties of lima beans were obtained from the Division of
Fruit and Vegetable Crops of the United States Department of Agriculture.
These were: Henderson, Clark’s Bush, Early Thorogreen, Peerless, U.S. 343
(Triumph), U.S. 245 and U.S. 147. Trials were conducted at the Central
Experimental Farm and several other co-operating institutions to determine
whether they could be grown and yield satisfactorily in different parts of Canada.
The plots were 30-foot rows with four replications.

The variety Henderson was the highest yielding at the Central Experimental
Farm with an estimated 5,082 pounds of shelled beans per acre. This was

closely followed by U.S. 343. (Triumph) with an estimated 4,247 pounds. Peerless
did not germinate.

TABLE 14—MARKETABLE YIELD (TONS PER ACRE) OF NINE VARIETIES OF
TOMATOES

Variety Yield First Two Weeks | Yield for Season

(To August 25) (To September 15)

tons/ac. tons/ac.
RedCloud............ o e 3-55 . S 19-21
Ottawa TO-3 3.21 17-14
Abel. . e 3:06 11-056
Ottawa TO-5.... 2-93 18-05
Early Chatham. 2.21 11-34
Bounty.......... 1-68 20-23
Clark’s Early 1.40 17.90
Bonny Best....ooooii e 1-18 17-04
GenevaJohn Baer.................ooioiiii i 0-96 16-81

Differences required for significance: - '
First twWo WeeKs. .oooiiit it it i e e e 0-49

S T T - P 2 66

At the Dominion Experimental Station, L’Assomption, Quebec, U.S. 343
(Triumph) produéed the greatest weight of shelled beans with 2,700 pounds
per acre. Peerless was next with 2,372 pounds. This latter variety had the
greatest pod weight. .

At the Dominion Horticultural Substation at Smithfield, Ontario, Peerless
led in pod weight and in weight of shelled beans, the latter being 2,976 pounds
per acre. U.S, 343 (Triumph) was next with 2,178 pounds of shelled beans. )

In the trials at the Horticultural Experiment Station, Vineland, Ontario,
Henderson was the highest yielding variety in shelled beans with 3,533 pounds
per acre. Early Thorogreen was next with 3,114 pounds per acre. Peerless had
the greatest pod weight but the yield of shelled beans was lower than the two
varieties mentioned. :

At the Dominion Experimental Station, Harrow, Ontario, the yields were
appreciably lower than at the other stations. The highest yielding variety was
U.S. 343 (Triumph) with 1,210 pounds of shelled beans per acre, followed by
Henderson with 992 pounds. .

Good yields from all varieties were obtained at the Dominion Experimental
Station at Summerland, B.C. The greatest weight of shelled beans was obtained
from U.S. 343 (Triumph) with 6,470 pounds per acre. ‘This was followed by
U.S. 147 with 5,658 pounds per acre

On the basis of these trials, there appear to be excellent possibilities for
producing lima beans in several parts of Canada. This crop is well adapted to
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canning and freezing and could be grown in some of the canning crop districts.
The trials also indicate that, in general, the best yielding variety was U.S. 343
(Triumph).

A Comparison of the Sweet Spanish Onion Strains,
Riverside, Utah and Valencia

. There is some doubt whether sufficient differences. exist between the River-
side, Utah and Valencia strains of Sweet Spanish onions to merit classification
as geparate strains, In ‘‘Descriptions of Types of Principal American Varieties
of Onions.” U.8.D.A. Misc. Publ. 435. 1941. Magruder et al, devote a section to
. the Sweet Spanish onion. This section and the description are based on the Utah

strain, .The Utah strain was developed by the Utah Agricultural Experiment

* Station from the Riverside which had been introduced previously as an improve-
ment over the Spanish introduction, Sweet Spanish Valencia. No differences
between the several strains are mentioned; in fact, Utah, Riverside and Valencia
are classed as synonyms. .

At Ottawa, comparisons were made between stocks of these three strains
for earliness of maturity, shape index and size of mature bulbs.

Maturity tests, as indicated by the tops falling over, were made on plants
grown from seed from several sources. The three stocks of Riverside started to
mature a week apart, namely August 1, 8 and 15. Following this they showed a
fairly uniform rate of maturity with each one showing 50 per cent of the plants
matured within 4 days of each other, September 1 to 4.

Four stocks of the Utah strain were tested. One lot started to mature on
August 1, the other three did not start until August 15. There was an appreciable
difference in the rate of maturity. Two stocks showed 50 per cent of the plants
matured on September 4 and 6 whereas the other two did not reach this stage of
maturity until September 15 and 16. This is a considerable maturity difference
in samples labelled as Utah strain. If the four samples are considered as one
group, 50 per cent of the plants matured in the week of September 5 to 12.

The two samples of the Valencia strain started to mature vqibf}in two days of
each other, August 6 to 8 and reached 50 per cent maturity within two days of
each other, September 8 to 10. .

These tests indicate that Utah and Valencia strains may be about one week
later than Riverside in maturing 50 per cent of their plants. However, when the
last readings were taken on September 26, not one stock had reached 100 per
cent maturity.

In addition to the above stocks, a selected stqck of Riverside, 46-2715, and
two of the Utah, 46-2716 and 46-2723, were obtained from the Canadian Seed
Growers’ Association. When grown at the Central Experimental Farm, Ottawa,
Ontario, the results were:

Started 50% of Plants

to Mature Matured
Riverside 46-2715 July 29 Sept. 9
Utah 46-2716 Aug. § Sept. 16
Utah 46-2723 Aug. 12 Sept. 15

These same stocks were also tested at the Dominion Experimental Station,
Summerland, British Columbia, with the following results:

Started 50% of Plants
to Mature Matured
Riverside 46-2715 ....... ... ... c.ciirieieens Aug. 20 Sept. 8
Utah 46-2716 ...... ...l Aug. 13 Sept. 18

Utah 46-2723 ........ N Aug. 26 Sept. 12
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At the Horticultural Experiment Station, Vineland, Ontario, the same -
Riverside stock was tested with a stock of Valencia, 44-2213, also obtained from
the Canadian Seed Growers’ Association. The results were clear cut.

Started. 50% of Plants

to Mature Matured
Riverside 46-2715 ..........ccoiiiiniinannns Aug. 26 Aug. 30
Vallencia 44-2213 .............ccoiiiiinnnnnn. Sept. 3 Sept. 6

In general, these tests support the foregoing observation that Riverside is
probably several days to a week earlier than the Utah or Valencia strains in
maturing 50 per cent of its plants.

Shape index, that is, the rotundity of the mature onion bulb, is indicated by
a figure obtained by dividing the equatorial diameter by the polar diameter.
According to the range of indices at present set up as standards by the Canadian
Seed Growers’ Association, Utah Sweet Spanish should have an index range of
80 to 1-20 and Riverside should have a range of -90 to 1-30. However, in
U.S.D.A. Misc. Publ. 435 the index range is given as -90 to 1-30 for Sweet Spanish
for the western states and -80 to 1-20 for the northeastern states.

With an index range of -90 to 1-30 Riverside should produce a majority of
bulbs with an index of rotundity about midway between these two points or
from 1-05 to 1-15 but when the Riverside stock 46-2715 was grown at the
" three institutions mentioned the majcrity of the bulbs were grouped as follows:

Proportion Majority
of bulbs Index Range
OBEAWA .« vevvveeeeeananniananenanenns, 63% : -85 to 1:05
Summerland ....... ... 0 i, 61% 1-00 to 1-10
Vineland ......coiviiiiiiiiiiin, 59% +90 to 105

These figures indicate, particularly at Ottawa and Vineland, that this stock
has & tendency to be deep. :

The Utah strain should have an index range of 80 to 1-20 according to
the C.8.G.A. or -90 to 1-30 according to U.S.D.A. Misc. Publ. 435. Therefore, the
majority of the bulbs should be in the vicinity of <95 to 1-05 according to the
first standard or 1-05 to 1-15 according to the second. The two stocks of this
strain showed the majority of bulbs grouped as follows:

Proportion Majority

o of bulbs Index Range

Ottawa, 46-2716 ................ 64% -90 to 1-10
462723 ....... . e, 59% 1-05 to 1-25

Summerland 46-2716 ................ 89% 90 to 1-10
482723 ..o .. 63% 1-00 to 1:10

Vineland 48-2718 ... ...l 73% -85 to 1-05

The general similarity in shape index indicates that the Riverside and
Utah strains could be classed as synonyms as is done in U.S.D.A. Misc. Publ. 435
and that they would be placed in the same index range.

The Valencia strain, 44-2213, was grown at Summerland and 80 per cent
of the bulbs were grouped between 1:00 and 1-25 .This may indicate either
that the stock is a little too flat for the strain or that Valencia may be w little
flatter than the other strains. : :

In size of bulb comparisons the Riverside strain was on the average smaller
than the others. The majority of the bulbs were 17 to 3-0 inches in equatorial
diameter, whereas the Utah and Valencia stocks preduced bulbs 2-5 to 4-0
inches in diameter. '

In general, there appears to be relatively little difference in maturity
between Utah and Valencia strains although both may be about a week later in -
" maturing than Riverside. There was no clear difference in shape index range
between Riverside and Utah in the stocks tested. However, the Valencia stock
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tested might be classed as having a shape index range of -95 to 1-35 which would
be slightly flatter than the range for the other two strains. The Riverside stock
Undia{r test produced slightly smaller bulbs than either the Utah or Valencia
stocks, ' '

A Comparison Between Pelleted and
Unpelleted Vegetable Seed

During 1948, comparisons were made on plants grown from pelleted and
unpelleted vegetable seed. The seed was either registered or certified and
consisted of the following varieties: Beet, Detroit Dark Red; carrot, Red Cored
Chantenay; cucumber, Straight Eight; lettuce, New York 515; radish, Scarlet
Globe; spinach, King of Denmark and swede turnip, Laurentian. These trials
were conducted at the Central Experimental Farm and at the Dominion
Experimental Stations at Charlottetown, P.E.I.; Kentville, N.S.; Fredericton,
N.B.; Ste. Anne de la Pocatiere, Que.; L’Assomption, Que.; Morden, Man.;
Lethbridge, Alta.; Lacombe, Alta.; Saanichton, B.C. and Fort Simpson, N.W.T.

In most cases the unpelleted seed germinated faster, more evenly and with
a better stand. In forty-two instances, unpelleted seed gave better germination;
in twenty-six there was no difference and in eight, pelleted seed was superior.
Observations on the performance of the plants as shown by growth and yield
continued to show a general difference in favour of the unpelleted seed. This
was indicated by thirty-four instances where plants from unpelleted seed were
superior, nineteen cases where there was no difference and twenty-three where
blants from pelleted seed were better. c

A quantity of pelleted swede turnip seed was analysed by the Division of
?llllemistry, Science Service, Central Experimental Farm. The report was as
ollows: ' ‘

“100 grams of pelleted seed consisted of
49 grams of seed, and

95-1 grams of pelleting matei‘ial,

This material contained 0-0017 per cent soluble nitrogen, 0-00005 per cent
soluble phosphorus and 0-025 per cent soluble potassium based upon 100
grams of pelleted seed. The pelleting material appears to be diatomaceous
earth or a similar substance with some form of binder.” ,

The chief advantage in using pelleted seed is the ease of sowing and spacing.
On the other hand unpelleted seed generaily gave better germination and per-
formance. In dry soil, pelleting may be a decided disadvantage if the soil moisture
is insufficient to penetrate the layer surrounding the seed and so stimulate
germination. In addition, the pelleting process and the increased weight and
volume of pelleted seed all increase seed costs.

Chemical Weed Control

The development of a number of substances more powerful and effective
than the earlier materials has given great impetus to the use of chemicals for
weed control. Experiments at the Central Experimental Farm have shown
Zome of these materials to be useful for the control of weeds in certain vegetable

Tops,

Asparagus

Since asparagus is a perennial, weeds can be a serious pest and their
destruction by chemicals is a great benefit to growers. Several materials were
Used- on this erop. The three most effective were calcium cyanamide dust, dry
tleaning fluid and the amine salt of 24-D. Application and results were as
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follows: Calcium cyanamide dust at 150 pounds per acre and the dry cleaning
fluid, Stoddard solvent, sprayed at the rate of 50 gallons per acre killed or
severely injured all weeds including grasses. The amine salt of 2,4-D (70 per
cent) sprayed at the rate of one-half gallon in 50 gallons of water per acre
killed or severely injured all weeds except grasses. The calcium cyanamide
caused no injury to the asparagus. The other materials injured those asparagus
gpears which were above the ground at time of treatment but the spears appearing
after treatment showed no injury and had no off-flavour.

Pre-Emergence Treatments

Pre-emergence sprays with cleaning fluid at 80 gallons per acre gave good
control of all weeds for a period of three weeks. One spray was applied five
days after seeding or just before the seedlings emerged. There was no harmful
effect on the resulting crop plants of beets, carrots, onions or turnips.

Two other materials were tested as pre-emergence treatments for beets.
A two per cent potassium cyanate solution applied at 80 gallons per acre gave
very good weed control without harmful effect to the crop plants. Granular
calcium cyanamide applied broadcast at 200 pounds and 400 pounds per acre
was less effective. ‘

At the Horticultural Substation at Smithfield, Ontario, applications of
calcium cyanamide dust were made on plots of canning peas. These pre-
emergence treatments were at 200 and 400 pounds per acre applied immediately
after seeding and six days after seeding. The 400-pound application immediately
after seeding and both applications six days after seeding were equally effective
in giving good weed control.

Post-Emergence Treatments

Post-emergence treatments with cleaning fluid have proved a satisfactory
method of controlling weeds in carrots. The rate of application depends upon
the extent of weed growth. If sprayed when the weeds are small, satisfactory
control can be obtained with 60 gallons per acre. Larger growth will require
heavier applications up to 100 gallons or more per acte. The fluid has little or
no harmful effect upon the carrot plants and can also be used safely to control
weeds in parsnips. :



POTATO INVESTIGATIONS

Potato Breeding
N. M. Parks

Potato breeding is one of the major projects conducted by the Division of
Horticulture at the Dominion Experimental Station, Fredericton, New Bruns-
wick. Since the inception of the breeding program in 1933, the hybridization
phase of the breeding work necessarily has received the most attention, With the
development of a large number of hybrid varieties showing high resistance to
such diseases as late blight, common scab and some of the viruses, consideration
had to be given to the next important phases in potato breeding work, testing
and selection. :

To meet this requirement, a comprehensive system for testing seedlings
and new named varieties of potatoes throughout the whole of Canada was
organized by the Division of Horticulture in 1946 and put into effect in 1947.
This system was planned as a co-operative project between the Experimental
Farms and Science Services of the Dominion Department of Agriculture, provin-
cial institutions, agricultural colleges, universities and growers.

Through this system a uniform method of testing laid out in accordance with
recognized experimental methods i used in all trials. In this way adaptability,
horticultural characteristics, disease resistance, maturity, yielding ability and
Quality of a seedling or variety can be more accurately appraised under varying
environmental conditions. The results of previously conducted preliminary trials
had clearly indicated that a hybrid or variety of potatoes may show high
resistance to late blight or common scab in one area and extreme susceptibility
In another. It is now recognized that there are physiological races of both late
blight and common scab organisms. Therefore, for a full appraisal of the value
and disease resistance of & particular seedling or variety, it is necessary to
test it over a wide area. ,

. In the two years the National Potato Seedling and Variety Trials have been

ln operation, forty-seven hundred potato seedlings and new named varieties

have been included in tests in the various provinces. Forty-five hundred of these

Seedlings were originated at the Dominion potato breeding station, Fredericton,

The remaining two hundred seedlings and varieties came from potato

: bl‘t?eding stations in the United States, Scotland and from private individuals
doing potato breeding in Canada.

The trials have not run for a sufficient length of time for a full evaluation
of the horticultural characteristics and disease resistance of all seedlings and
Varieties which have been included in the trials. A number of hybrids have shown
Such promise from the standpoint of desirable horticultural characters, yielding
abllity, late blight and scab resistance, that it has been decided to name and
Telease two of the most promising. However, before a new variety name may be
Used and the variety certified and offered for sale for seed purposes, that variety
Must be licensed under the Seeds Act. Information on the characteristics, per-
formance and disease resistance of varieties when grown under different environ-
Ments, as obtained through the National Tests, will be the basis for recommend-
Ing varieties for licence for sale in Canada.

91
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Inhibition of Sprouting of Potato Tubers
N. M. Parks, W. R. Phillips, L. H. Lyall

Inhibition of Sprouting by Abnormal Atmospheres

Shrinkage of potatoes in storage is a source of heavy loss to both growers and
those who handle them in trade. One of the chief sources of shrinkage is the
sprouting of the tubers in storage.

During 1936-37 studies were made on the effect on sprouting of atmospheres
containing higher amounts of carbon dioxide and lower amounts of oxygen than
are found under normal storage conditions. In these studies Green Mountain
potatoes were held for six months at the two temperatures, 32° and 39° F., with
CO, concentrations ranging from 5 to 11 per cent and O, concentrations from
2:5 to 16 per cent.

When the samples of tubers were examined at the end of the six month period
the following results were observed:

At 32° F.—All tubers stored in' gas mixtures at this’temperature, except
those in the five per cent CO;.plus 2-5 per cent O, concentration were badly
damaged. '

At 39° F—The control sample of tubers was in excellent condition with
slight signs of sprouting. The tubers in concentrations of 5 per cent CO; plus
16 per cent Oy showed slight sprouting. Those in concentrations of 10 per cent
CO; plus 2-5 per cent Og were all badly rotted. Concentrations of 11 per cent
COg plus 10 per cent O, completely destroyed all germination of the tubers. The
maximum delay of sprouting without completely killing the sprouts was obtained
at this temperature in concentrations of 10 per cent CO, plus five per cent O,.

It was quite evident that all gas mixtures had some effect in delaying sprout-
ing of potato tubers; the degree was in direct proportion to the concentration of
CO; in the storage. The concentration of O, appeared to have little effect in the
delay of sprouting, :

This experiment was not continued beyond the one year as it was felt the
storage of potatoes in gas atmospheres would have no practical application.

Chemical Inhibition of Sprouting »

Investigationat work in the United States indicated that the methyl ester of
alpha naphthaleneacetic acid was very effective in inhibiting the sprouting of
potato tubers. In 1946-1948, studies were undertaken at Ottawa to determine
the effect of certain chemicals on the sprouting and on the germination of treated
potato tubers when planted in the field. : :

- The initial experiment of April, 1946, consisted. of treating three varieties of
potatoes, Irish Cobbler, Green Mountain and Sebago, with the methyl ester of
- alpha naphthaleneacetic acid in dust form. The concentration used was one c.c.
diluted in 30 c.c. of 95 per cent ethyl alcohol. This solution was then atomized
into french tale at the concentration of one c.c. of the active ester to one-half
pound of tale; when dry, one-half pound of the treated talec was dusted on each
bushel of tubers. All samples comprised ten pounds of potatoes.  Controls and
treated samples of each variety were stored at temperatures of 36°, 39°, 50° and
70° F. .

When treated on April 17, the dormancy of the Irish Cobbler and Sebago.
showed signs of having broken. The Green Mountain appeared completely,
dormant. i '

The samples were examined at definite intervals throughout the storage
period. On June 25, sixty-nine days after treatment, all samples were removed'
from storage for a final examination. The results showed that sprouting wa#
inhibited shightly in the treated samples held at all temperatures but the inhibi-
tion was not sufficient to be of any commercial value. These potatoes were
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treated in the latter part of their storage season, and it was felt that had the
treatment been applied earlier and before dormancy of the tubers had broken,
the treatment would have shown greater effect.

Therefore, in December, 1946, an experiment was set up to study the effect
of the same sprout inhibitor when applied early in the storage period. This was
compared with the dust and liquid forms of commercial brands. The active
ingredient of the dust prepared in the laboratory and of thg corr}mermal material
was in each case the methyl ester of alpha naphthaleneacetic acid. Samples were
also treated with 2,4-D. )

Two varieties of potatoes, Irish Cobbler and Green Mountain, were treated
on December 14 as follows: :

. 1. Commercial product, spray form, applied at the rate of 10 c.c. per bushel
of tubers, .
2. Commercial product, dust form, applied at the rate of 0-15 lb. per bushel.

3. Dust made in laboratory at a concentration of one c.c. active ester to
one-half Ib. of tale and applied at rate of one-half lb. tale per bushel.

Storage was at 39°F. immediately after treatment. .

Five months after storage, one series of controls and treated tubers of
each variety was removed to 55°F. storage; a second, to 68°F. while a third was
left at 39°F. The tubers remainéd at these' temperatures for three weeks.
Recorded observations at the end of the three-week period were as follows:

1. The methyl ester of alpha naphthaleneacetic acid was more effective as
a dust than as a spray in inhibiting the sprouting of potatoes. , _

2. The methyl ester of alpha naphthaleneacetic acid had very little inhibiting
effect on the sprouting of potato tubers when stored at 68°F.

3. Storage temperatures of 39°F. were more effective in delaying sprouting
than sprout inhibitors. Even a reduction in storage temperature from 68° to
55° F. was more effective in inhibiting sprouting than was the hormone tr:atment
on potatoes stored at 68°F. ‘

In addition to treatments with the commercial and laboratory forms of the
methy] ester of alpha naphthalencacetic acid, samples of Green Mountain and
atahdin wefe treated on March 27 with 2,4-D at a concentration of 2:5 gm.
of 2.4-D mixed with one-half 1b. of tale and applied as dust to five bushels of
DPotatoes. . .
The effects of the several treatments with a storage temperature of 39°F.
on the germination and stand of potatoes when planted in the field were investi-
gated. Sufficient tubers to plant 21 hills each of treated and untreated samples
in each of three randomized blocks were removed from storage on May 12, 1947,
and planted on May 15. Varieties, treatment and stand of plants are recorded
In Table 15.
Although there was no reduction in the stand of these potatoes treated with
the laboratory-prepared. dust and stored at 38°F., it is obvious from Table 15
ithﬁ]ﬁb potatoes intended for seed purposes should not be treated with sprout
nhibitors.

The Effect of the Growth Hérmone
“Phytergine” on Potatoes
N. M. Parks

_The study was undertaken at the request of the Société Agrotechnique of
Paris, France, manufacturers of plant growth hormones, to determine the effect
of “Phytergine”, a growth hormone, on potatoes under Canadian conditions.

Because of the climatic differences across Canada, arrangements were made
g‘;x‘have a test conducted at tem different locations in the various provinces.

re of these tests were completed; the remaining four were discarded for various
830ns,
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The hormone was applied to the seed tubers previous to cutting them into
sets and the sets were planted, in accordance with the manufacturer’s recom-
mendations. The location where the tests were conducted and the results of each
test are recorded in Table 16.

TABLE 15—THE EFFECT OF SPROUT INHIBITORS ON GERMINATION AND STAND OF
FIELD-PLANTED POTATOES

S Pgr Cznt
. torage tand -
Variety Treatment ) Temperature Av. 3
Replications
Irish Cobbler...................... Control...........cccvuiiiiinin.. 39°F. 1000
Commercial dust..................... 39 69-8
Commercial spray.................... 39 60-1
Laboratory-prepared dust............. 39 . 100-0
Green Mountain.................... Control 39 100:0
. Commercial dust. .. .. 39 46-0
Commercial spray...... . 39 50-8
Laboratory-prepared du .. 39 100-0
2,4D....... 39 954
Katahdin..........ooovveieiiinnae, Control.................oii 39 968
) Commercial dust...................... 39 9:5
2,4-D. 39 90-4

TABLE 16.—EFFECT OF “PHYTERGINE” ON YIELD OF POTATOES IN CANADA

Yield
Location Variety
Treated Untreated
. bu./ac. bu./ac.
[o O QR0 1771 N Green Mountain......... 272-0 275-8
D.ES., Scott, Sask............... ... .. Irish Cobbler........... 336:6 326-2
D.E.S.,,Morden, Man............................ Irish Cobbler.......... 345-6 431-8
D.E.S.,,Morden, Man.................cccovvuenns Warba......cooveennenn 460-1 : 517-8
O.AC.,, Guelph,Ont........................oo Katehdin............... 288-0 204-0
D.E.S., Ste, Clothilde, P.Q...................... Green Mountain......... 526:0 600-3
D.E.S., Charlottetown, P.EIL.............. e Green Mountain......... 399-3 404-1
D.E.8,, Charlottetown, P.EI.................... Irish Cobbler........... 442-8 4356
C.E.F.—Central Experimental Farm.
D.E.8.—Dominion Experimental Station.
0.A.C.—Ontario Agricultural College.

The reports submitted by the various stations co-operating in this work
coupled with the yields obtained from both the treated and untreated seed,
would suggest that the hormone “Phytergine” had a depressing effect on both
growth and yield of potatoes.

The Effect of Missing Hills on Yield of
Adjacent Hills of Potatoes
H. B. Cannon and N. M. Parks

To determine the effect of missing hills on the yield of adjacent hills of
potatoes three small trials with the Green Mountain variety were conducted 1n
1948. in 8ll three trials the rows were planted 36 in. apart and the hills 12 in.
apart in the row. The first trial involved the effect of a single missing hill upon
the yield of the adjacent hills. For this purpose there were 66 comparisons
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available which resulted in an average increase in yield of 19 per cent for the
hills' next to a miss over normal hills in the row.

In the second trial where two consecutive hills were missing, there was an
average increase in yield of 24-7 per cent for the hills next to the double misses
over normal hills in the row. Fifty-five comparisons were made in this trial.

_ The third trial consisted of determining the increase in yield of a single
hill with & missing hill on either side. The results of this trial were based on
forty-five comparisons, The average increase of the isolated hill over a normal

hill in the row amounted to 509 per cent. ,

The Competition Effect of Early, Intermediate
and Late Maturing Varieties of Potatoes
H. B. Cannon and N. ‘M. Parks

In potato variety trials the question of a possible competition effect arises
when a late maturing variety is grown next to an early maturing variety.

To investigate this, six randomized blocks were planted. These included all
possible combinations of early, intermediate and late maturing varieties.
Distances between rows were 36 in. and between plants, 12 in. The varieties
used were: early, Irish Cobbler; intermediate, Canus; late, Green Mountain.
They were planted on May 14 and 15, and harvested on September 24, 1948.

The results of this work indicated that, under the conditions of this trial,
there was no evidence of any competition effect whatever of one variety upon
the yield of another. In fact, in the “Analysis of Variance”, the treatment
variance was slightly less than expectation. The results of this trial suggest that -
In laying out variety trials it is not necessary to segregate varieties of varying
maturities.



NUTRITION AND SOHL MANAGEMENT STUDIES
H. Hill

Apples

From 1925 to 1934 studies on soil management and nutrition were directed
along two main phases. Management and orchard fertilizer experiments were
conducted in sod orchards of three of the principal producing areas of the prov-
ince of Quebec, and fundamental aspects of apple nutrition were studied at
Ottawa by means of pot sand nutrient solutions.

As a result of these studies the practical management of permanent sod
orchards- was established on a basis of scientific information and actual
performance, and the principles so established are today the accepted tenets
of management. The nutrient solution studies provided information on the
actual tree requirements of nitrogen, phosphorus and potassium, and the effect
of interactions and ratio concentrations between each of these and other
nutrient elements. As a result of this information and that obtained from the
field fertilizer plots, the 9-5-7 fertilizer was adopted for general use in apple
orchards in Quebec, the Maritimes and eastern Ontario,

Some of the fundamental principles enunciated as a result of these studies
were: ,

(1) Continuous application of nitrogen only could result in a potassium or
even a general mineral deficiency.

(2) Continuous application of phosphorus only could result in a deficiency
of potassium.

{3) Continuous application of lime in the form of & carbonate could
~ induce ‘a deficiency of iron, or if in the form of a sulphate might cause inter-
ference with the intake of potassium. . :

(4) Continuous high applications of potassium might induce a deficiency of
magnesium. ‘

In addition, intimate knowledge was obtained on general growth character-
istics and on specifie growth and foliage symptoms brought about by a deficiency
or excess of one particular element or by a lack of balance between elements.
It may be said that many nutritional troubles in growers’ orchards have been
quickly diagnosed by such symptomatic knowledge. Permanent records of such
symptoms were made by water colour paintings by A. Kellett, and many of these
were reproduced for the benefit of growers in Publication 714, Technical Bul-
letin No. 32, 1941, entitled “Apple Nutrition”. The bulletin also dealt with the
specific function of the different nutrient elements and the principles of main-
taining nutrient balance. It was considered that this bulletin gave the necessary
information to the grower to enable him to fertilize individual orchards and even
individual trees:according to their specific requirements, rather than to adhere
rigidly to general fertilizer recommendations which were nevertheless given.

Concurrent with the occurrence of severe cork disorders in 1936-37 in the
counties of Northumberland and Durham, Ontario, a general soil survey of the
orchard growing areas was conducted in co-operation with the Soils Department
of the Ontario Agricultural College. In addition, détailed information on soil
types, tree root characters and distribution, and cultural and fertilizer practices,
wag obtained in one hundred and eighty-four orchards. Individual soil reports
were prepared and made available to the growers. Incorporated in these reports
were the main soil charateristics, suggestions for suitable cultural practices, and
fertilizer recommendations. '

96
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The soils of the orchard areas were characterized by a number of types
oceurring within comparatively short distances and varying greatly in physical
and chemical nature. Shallow soils underlain by limestone bedrock, outwash
sands with heavier material at 3 to 10 feet, moraine soils underlain by cal-
careous stony till and lacustrine soils were found in the area. - .

Fifty-eight per cent of the orchards studied were maintained under clean
cultivation. and a high percentage of such orchards were located on the lighter
textured soils of low natural fertility. The topography of many of these
orchards ranged from rolling land to fairly steep slopes. The majority of the
growers using clean cultivation did not plant a cover crop but depended on a
volunteer crop of weeds to maintain the organic layer. There was a definite
erosion problem on the hilly morainic soil types. From eighty-one orchards
surveyed in detail, thirty-nine showed the effects of erosion. Out of fifty
orchards in clean cultivation, thirty-five showed some degree of erosion, and
In a few orchards located on steep slepes the. till was exposed at the top of
the slope with an accumulation of twenty-four inches or more surface soil at
the foot of the slope. ‘ ' .

These studies indicated that changes in management practices were advis-
able. In cultivated orchards more attention should be paid to the maintenance
of organic matter by the annual use of cover crops, and on the hilly sites the sod
mulch or modified sod systems of management should be followed.

Management and fertilizer plots were set up in grower-owned orchards in
Northumberland and Prince Edward counties for demonstration purposes and to
obtain further experimental evidence. ‘ :

In Northumberland county, twenty-five-year-old trees of the Stark variet
were employed with the follewing systems of management: '

(1)Clean cultivation from early in the spring until the first of July, when
& cover crop of crown millet was sown. A short time before harvest the crop
was cut and left on the ground. Early in the spring the equivalent of a 9-5-7
fertilizer was applied at the rate of eleven pounds per tree.

(2) Sod mulch—The ares was seeded down to 2 mixture of timothy, orchard
grass and Kentucky blue. The grass was cut' when necessary throughout the
Season and allowed to lie where cut. Straw or old hay mulch was applied
around the trees in November at the rate of 75 to 100 pounds per tree. A §-5-7
fertilizer was applied early in the spring at the rate of eleven pounds per tree.

(8) Check—Clean cultivation from early in the spring until the first of
July, then s volunteer crep of weeds or grass allowed to grow. No manure or
chemical fertilizers were applied.

The effect of the several systems of management on the growth and the
&verage yield for a four-year period is indicated in Table 17.

TABLE 17.—FOUR-YEAR GROWTH AND AVERAGE YIELD OF STARK UNDER
DIFFERENT SYSTEMS OF MANAGEMENT

Plot Treatment , Trﬁfcrg;th. Av. Yield | Av. Yield
\
) in. bu.,tree bu./ac.
1 |Clean cultivation, cover, 0-5-7.......cc.coevreereiinnannens 7-87 874 306
2 ISod mulch, 0-8-7... . ... ... oo eiriernenreiiinnann 8:45 13 03 456
3 |Check—clean cultivation, volunteer crop................. 7-20 8.38 203
~—

These results bore out the theory that the sod mulch system of management is
®apable of keeping trees in high vigour and in as high production as clean
cultvation.
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In Prince Edward county, the experiments were ccenducted with the
Meclntosh variety located on Newecastle loam soil. The methods of management
employed were: :

(1) Sod of orchard grass, timothy and blue grass, with the grass cut when
necessary throughout the season @and allowed to lie where cut. A mulch of
straw was applied each year at the rate of seventy-five pounds per tree or one
and one-third tons per acre. A 9-5-7 fertilizer was applied each spring at the
rate of five hundred pounds per acre.

(2) Clean cultivation from early in the spring until the middle of June,
when a cover crop of crown millet was sown. A short time before harvest the
cover crop was cut and left on the ground. Fifteen tons of barnyard manure
and six hundred pounds of a 4-8-10 fertilizer per acre were applied in the spiing,

(3) Clean cultivation from early spring until the middle of June, when a
cover crop of crown millet was sown, which was cut before harvest and left on
the ground. No manure or fertilizer was used, but the ground was heavily
mulched each year with pea cannery refuse.

The effect of the three systems of management on the average growth and
yield over a six-year period is given in Table 18. :

TABLE 18.—SIX-YEAR GROWTH AND AVERAGE YIELD OF McINTOSH UNDER
DIFFERENT SYSTEMS OF MANAGEMENT

Plot Treatment Txie:cre(:;?h Av. Yield { Av. Yield
i . in. bu./tree bu./ac.
1 |Sod mulch................... TP 1387 21.97 758
2 |Clean cultivation, cover crop, manure.................... 1-219 21-69 748
3 [Cultivation, cover crop, pea refuse..............oooeeeen.. 1-281 20-01 680

~ The six-year average yield is satisfactory with all treatments: However, it
is worthy of note ‘that the sod mulch treatment was slightly more productive.

Although tree vigour and yield records are useful indices of treatment
effects they should not be solely relied:upon, since some management practices
may give high yields initially but may eventually impair the productive
capacity of the scil. For this reason studies were conducted at Ottawa with
the special purpose of investigating the effect of management treatments upen
the soil itself. The three systems of management and. their effects on the
amount of organic matter in the soil are:

R 1938 1945 | Decresse

_ Organic Organic or
Matter Matter Increase

L % % %

I. Clean cultivation, cover crop, 9-5~7 fertiliger................ 3-63 3-09 —~0-54
II. Grass sod mulch, 9-5-7 fertilizer................coivvvnenn. 3.54 3-98 . +0-44
III. Clean cultivation, cover crop, barnyard manure, 4-8-10

3T A 4.61 4-72 +0-09 -

The clean cultivation cover crop plot actually lost 0-54 per cent of the
‘original organic matter, while the sod mulch plot gained 0+44 per cent and the
clean cultivation, cover crop and manure treatment just about held its own.
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. The data on total nitrogen and available minerals in the soil are presented
In Table 19,

TABLE 19—THE EFFECT OF ORCHARD TREATMENT ON TOTAL NITROGEN AND
AVAILABLE MINERALS IN THE SOIL

Treatment I Treatment II Treatment ITI
1938 | 1945 I Diff. 1938 I 1945 Diff. 1938 1945 l Diff.

Total nitrogen............ 0-144 | 0-016 | —-037 | 0-138 | 0-150 | 4--012 | 0-184 | 0:-200 +-016
Exchangeable caleium.....| 0-161 | 0.074 | —.087 | 0-190 | 0-188 | —.002 | 0-272 | 0-236 —.036
Exehangeable magnesium| 0-013 | 0-003 | —-008  0-012 | 0-013 ) 4--001 ] 0-014 | 0-019 | +4--003
Exchangeable potassium.{ 0-012 [ 0-019 [ +-007 | 0-013 | 0-033 | 4--019 | 0-012{ 0-019 | +--007
luble phosphoric acid*. 340 195 | —144 216 431 | 4214 508 531 424
Total phosphoric acid..] 0-250 | 0.240 | —-010 [ 0.240 | 0-286 | 4-046 | 0-268 | 0-326 | +-080

* Values in p.p.m.; all others, %.

The clean cultivation, cover crop treatment (Treatment I) decreased the
total nitrogen, exchangeable calcium, magnesium, total and soluble phosphorus.
hen additional organic matter was supplied in the form of manure (Treatment
III), total nitrogen, magnesium and phosphorus were increased. In the grass
80d mulch plot (Treatment II), total nitrogen increased, calcium and magnes-
lum were maintained and substantial inereases occurred in soluble and total
Phosphorus. Potassium was increased in all plots, with the greatest increase
Occurring in the sod mulch plots.

Subsequent to these studies the aforementioned bulletin on Apple Nutri-

lon was revised and enlarged to include a section on orchard soil management.
This bulletin, Publication 802, Technical Bulletin 65, 1948, was issued under the
title “Orchard Soil Management and Apple Nutrition (In Eastern Canada)”.

With the acquisition of the Substation at Smithfield in the county of North-

. Umberland, Ontario, & wider range of management plots, including modifications
of the standard clean cultivation and sod mulch systems of management, were
8et up, ‘The results of these studies should apply particularly to the surrounding

strict since the experiment is located on land ranging from rolling to fairly
ep slopes. . ' :

In addition to records of growth and yield and soil productivity over an’
extended period of time, cost records were set up to evaluate the economy of the

\fferent, systems of management. The orchard for these studies was planted in
1947 and the following treatments laid out: .

(1) Clean cultivation across the slope until the middle of June, followed by
& cover crop of erown millet.

(2) As the trees reach an adult age plots will not be in sod or cultivated,
but the entire surface of the plot will be mulched with straw or hay.

(3) Strip cultivation—Clean cultivation in the rows for the first three or
four vears with the middles seeded down. After this peripd the strip in the
Tow will be seeded down and the middles cultivated. ‘ .

(4) Alternate sod strips.—Alternate reas between the rows seeded down
pq timothy and red clover. for a season, the grass mowed and left. The remain-
Dg alternate areas given ordinary cultivation and then seeded down and the

. COVer crop grown throughout the following season. The strips in cover crop one
8€agon are cultivated the next.

. (8) Sod mulch.—Area seeded down with grass sod mixture of timothy, red

1 Over, orchard grass and Kentucky blue; grass mowed whenever necessary and

; surface over tree root area mulched with old hay or straw. .
4866573 ‘
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(6) Handled the same ag treatment five with the exception that every three
years the sod is to be checked by roughly disking or harrowing. :

(7) Trees planted on the contour, sod strip in tree rows, middles cultivated.

Deficiencies of Potassium and Magnesium in Commercial Orchards

Several instances of marked deficiency of potassium in commercial orchards
were diagnosed and corrected in the St. Lawrence Valley, the Hemmingford dis-
trict in the province of Quebec, and in the county of Northumberland, Ontario.
Rapid diagnosis of this deficiency was possible through recognition of foliage
symptoms similar to those produced in nutrient solution cultures.

In 1938 a request was made by Provincial fieldmen for a diagnosis of a
severe foliage disorder in the Frelighsburg district of Quebec. Comparison of
orchard foliage symptoms with those produced in nutrient solution cultures
showed a striking similarity to symptoms of magnesium deficiency. Confirma-
tion of diagnosis was obtained by analysis of affected foliage as follows:

Ash Constituents as per cent Ash
X.0 | Ca0 ‘ MgO P20s
Orchard 1.... 0 . e 31-4 28-4 2-50 5-54
........................................... 43-8 18-2 1-76 7:73
2 35-6 25-2 1-19 6-27
O 31-2 29-2 1-39 6-19
........................................... 32- 28-1 2-49 6-79
Normal foliage........co v s 25~-30 20-25 5-7 20

Wallace (2) in England had reported the occurrence of magnesium deficiency

in apple orchards at three centres, but this was the first instance of magnesium

ficiency being positively identified by specific foliage symptoms in commercial

orchards on this continent. During the next three to four years, magnesium.

deficiency was identified and reported in individual orchards in Nova Scotia
and Ontario. :

Field plot experiments were immediately set up to determine the best -
methods of correcting this deficiency.

In 1940, magnesium deficiéncy symptoms of apple trees in sand culture and
in commereial orchards were deseribed in detail by Hill and Johnston (1).

" As a result of laboratory studies and orchard plot experiments conducted
from 1939 to 1947, the following corrective measures for magnesium deficiency
were recommended:

In many instances magnesium deficiency is only of an incipient nature, not
causing any serious defoliation; in others almost complete defoliation may occur
by late August, especially in wet years. A dry season may almost completely
remove the trouble for that year. Leaf analysis has shown that leaves contain-
ing less than 0-4 per cent MgO in dry weight are liable to suffer from magnesium
deficiency. Generally, it is much more prevalent on strongly acid low-lime soils,
and under these conditions it is difficult to correct by soil applications.

When the deficiency occurs on acid soils the first step should be the applica-
tion of dolomitic limestone up to a rate of two tons per acre. Experience has
shown that this is not a quick remedy; frgm three to five years may elapse before
marked recovery can be noted. If the orchard is in sod and cannot be ploughed,
response may be very slow unless a heavy mulch is maintained. For immediate

- control, magnesium sulphate in the cover sprays has given satisfactory results.
The recommendation for this purpose is the addition of twenty pounds of mag-
nesium sulphate to every one hundred gallons of the regular sprays; starting
with the calyx spray and continuing for two or three more applicatinns.
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On soils that are not decidedly acid, soil applications of magnesium sulphate
* at the rate of twelve pounds per tree may give early response, If this-does not
produce an effect ini the year of application, the spray method may be employed.
If magnesium deficiency occurs on soils high in potash, it is advisable to

omit potash in the fertilizer until the trouble has been corrected. '

Fertility Status of Commercial Orchards by Means of Foliage Analyses and
Correlations between Levels of Various Elements so Determined
and Fruit Quality when Held in Cold Storage

Although the general principles of management and fertilizer use have been

. ‘ade available to the growers by the studies reported, it was realized that certain

orchards might require more individual treatment. It was considered that corre-

lations between levels of different nutrient elements in the foliage and fruit pro-

duction and quality might be established and so serve as a basis of fertilizer

recommendations for individual orchards. Since 1946, foliage samples from the

Meclntosh and Spy varieties were collected each mid-July from over thirty

orchards in the counties of Northumberland and Durham for analyses by the

« Chemistry Division, Science Service, and samples of fruit from the same trees
were harvested, cold stored at 32°F. and examined later.

As a result of these studies, individual management and fertilizer recom-
mendations were made. The minimum level of potassium was set tentatively
at 17,000 p.p.m. Seven orchards had levels in the foliage well below this figure,
and the fruit in storage was characterized by mealiness in the MeclIntosh
variety and a dull unattractive green finish in the Spy. An attempt to
establish a nitrogen figure associated with high yield and gocd quality was
‘complicated by the marked effect of seasonal conditions. In 1946, an average
to somewhat dry geason, the average nitrogen of the foliage was 1-94 per
cent, whereas in 1947, a season of above average rainfall, the nitrogen content
of the foliage from the same orchards receiving approximately the same
fertilizer applications was 2-33 per cent. Nitrogen fertilizer treatments which
Provided an adequate but not excessive level in a season like 1946 might cause
an excessive level in another season.

In 1946, the incidence of core flush was employed as the main indicator of
storage quality, but in 1947 and 1948 a score sheet for quality involving such
Characteristics as fruit flavour, texture, colour and firmness was adopted. In

hese two years certain samples showed a high percentage of core flush, but
thi;y received a fairly high rating for quality, and from a commercial stand-
Point it was considered that the quality factor was of greater importance.
here were indications that poor quality was associated with high levels of
Ditrogen in the foliage. Data from the 1948 studies with McIntosh brought
out relationships between levels of different elements in the foliage and fruit
Quality more clearly, and these will be considered in detail.

The relationship between fruit quality and the percentage of nitrogen in
the foliage is shown in Fig. 10." The positicns of loci one and two in Fig. 10
are explainable. Locus one represents a very closely planted orchard which

. 2&8 been lightly pruned so that the quality score, especially the fruit colour,
Was low. Therefore, it is because of orchard conditions and practices rather
If,lan the levels of nutrition that the quality of this sample was not higher.
-“Ocus two represents an orchard which had a particularly low level of potassium
In the foliage. It is considered that potassium was the main factor influencing
Quahty, Fig. 10 also shows that there is a definite trend between a reduction
,1:.’ fl‘u}t quality and high nitrogen in the foliage. This is not a simple rela-
lonship but is modified by the N/K ratio (Fig. 11). A level of about 2-1
Per cent of nitrogen in the foliage may be the maximum for gcod quality
Fig, 10) but such a standard may not hold if the N/K ratio is above 1-25

1-5 (Fig. 11). There is also a definite trend between an increase in quality
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and levels of potassium up to 17,000 p.p.m. This is also modified by the influ-
uce of the N/K ratio. There does not appear to be any correlation between
the occurrence of core flush in storage and the percentage of nitrogen or
potassium in the foliage or between core flush and fruit quality. There is no
apparent correlation between levels of phosphorus in the foliage and either
fruit quality or the occurrence of core flush.

80. ;
[ 4
L3

70+ .
Wy .
% [ ] ° d ® L 4
\) 3 [ ]
10} * .
N 60 . .
g .
I
b [ ]
< efocus I

50 .

L 4
olocus IT *
40 T T Y v R
16 18 20 22 24 26

PERCENT NITROGEN IN LEAVES
Fig. 10—Relation between nitrogen content of leaves and storage quality of Mclntosh apples. )

80
L]
L]
70 .
. . *
‘&' ‘e hd .: .
) o
& 60 ..
t .
g v L3
L ]
- 50 . "
Y L4
L]
[ ]
10 125 5 175 20 225 2%
NiK RATIO '

Flg. 11—Relation between N/K ratio in leaves and storage quality of McIntosh appies.



103

The Relation Between Nitrogen and Phosphorué Fertilizer Application,
Tissue Analyses and the Keeping Quality of McIntosh and Spy Apples

Earlier studies of an exploratory nature had indicated a relationship be-
tween the N/P ratio and the storage quality of apples. The following fertilizer
applications were made to a number of selected trees of the McIntosh and Spy
varieties in a uniform orchard block to study this factor.

Application per Tree
' Application Ratio Ammonium Super- Muriate
. Sulphate phosphate of Potash

Ib. Ib. b,

5 25 ‘1-5

5 5.0 ©1-5

5 7-5 1-5

] 10-0 1-8
10 2.5 1.5
10 50 1-6
10 7-5 1.5
10 10-0 1-5
15 25 1-8
15 5.0 1-8
15 - 7.5 1-5
15 10-0 1-5
20 2.5 1-6
20 8.0 1-5
20 7-5 18
20 10-0 1-5
20 20-0 1-5

. _The effect of fertilizer applications on the contents in the foliage is shown
In Table 20. '

TABLE 20.—EFFECT OF FERTILIZER APPLICATION ON THE N, P, K AND Mg CONTENT
OF McINTOSH AND SPY FOLIAGE .

McInrosu
———————
1047 . 1948
Treatment| Per cent | Phosphorus| Potassium|Magnesium| Per cent | Phosphorus| Potassium Magnesium
Nitrogen p.p.m. p.p.m. p.p.m. | Nitrogen p.p.m. p.p.m. p.p.m.
2.21 2,687 18,462 2,350 2-21 2,521 18,285 2,285
2-46 2,200 16,062 2,418 2.53 2,193 15,750 2,431
2.59 2,131 14,860 2,431 2.62 2,137 14,412 2,475
2.64 2,162 15,000 2,493 2.54 ,050 14,312 2,481
2-50 2,350 16, 350 2,300 2-49 2,193 16,000 2,231
2-43 2,268 16,000 2,412 2:45 2,186 14,928 2,492
2.48 2,262 15,812 2,887 2-54 N 15,850 2,356
2.48 2,275 16,225 2,503 2-45 2,281 15,625 2,581
Sey
2-41 3,081 19,012 2,835 2.24 2,084 18,600 2,250
2-83 " 3,300 17,400 2,268 2.58 2,333 16,083 2,316
2-98 2,937 16,937 2,403 2.7 2,212 16,380, 2,387
3-07 2,856 13,362 2,556 2-81 2,104 15,125 2,437
2-78 3,450 16,975 2,362 .2-48 2,560 16,662 | ' 2,262
2.88 3,081 17,152 2,418 2-60 2,243 16,214 2,485
2-81 3,275 17,500 2,418 2.64 2,400 16,725 2,287
2-85 3,263 17,087 2,443 2.62 2,536 ,643 2,385
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. There was a fairly steady increase of total nitrogen in the foliage with
increasing increment applications of ammonium sulphate. This increase in
nitrogen content was accompanied by a considerable decrease in phosphorus
and potassium. In the McIntosh variety the greatest decrease in phosphorus
occurred between applications of five and ten pounds of ammonium sulphate
per tree, but in the Spy variety the decrease was progressive with each added
increment of nitrogen. The magnesium content of the foliage also increased
vith increased applications of ammonium sulphate. Applications of super-
phosphate do not appear to have had any consistent effect upon either the
phosphorus or the nitrogen content of the fcliage. It would appear that the
Spy variety was better able to utilize the applied fertilizers, since levels of
nitrogen, phosphorus and potassium were consistently higher in this variety
than in the McIntosh.
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Fig. 12—Relation of quality score of-fruit to per cent nitrogen in leaves of
apples. :

Fig. 12 (Meclntosh variety) shows that storage. quality increased with a
decrease of the total nitrogen content of the leaves. There were also apparent
correlations between higher quality and increases of potassium or phosphorus
in the tissue. Since increases of nitrcgen in the foliage were also associated
with decreases of phosphorus and potassium, the single effect of each element
must be arrived at by means of partial correlations. There was no apparent
relationship between the incidence of core flush in the McIntosh and the level
of total nitrogen in the foliage or between core flush and general quality.

These studies establish a relationship between levels of nitrogen in the
foliage'and quality of the fruit produced. This relationship is modified to some
extent by the level of potassium or the N/K ratio and possibly by the N/P
ratio. Further studies should clarify their relative effects.
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Tissue Tests of Vegetable Crops as a Means of Determining Feriility
Levels and Fertilizer Requirements

Visual symptoms have proved of great value in diagnosing malnutrition
in plants but total reliance upon their use is open to the eriticism that a
deficiency is not anticipated. In scme instances the deficiency may bring
about a considerable decline in yield but not be so acute as to create visual
deficiency symptoms. Tissue tests may be used as a further aid in diagnosis
and in determining fertility levels. It may be possible to establish eritical
concentrations for each nutrient for individual erops at specific growth stages
by making many observations in which yields are compared with analytical
values. While “quick tissue tests”, suitable for use in the field have been
employed in diagnosing an acute ‘deficiency, it was considered that more
accurate laboratory procedures were necessary to obtain correlations between
levels and maximum yields. Quantitative methods were established, employing
8 colorimeter for reading colour reaction intensities.

Tissue Tests of Vegetables Grown in Nutrient Sand Cultures

Carrots and garden peas were grown in nutrients and cultures under each
of the following p.p.m. concentrations of nutrient solutions:

Nitrogen Phosphorus Potassium Magnesium
336 51 257 10
168 - 25 128 9
84 12 64 ¥
42 0 32 -0

Carrot—The reduction cf nitrogen in the nutrient solution to 84 p.p.m.
was reflected in a drop of soluble nitrogen in the tissue from 800 to 600 p.p.m.
This concentration still allowed for ample or luxury absorption by the plant
Since yields were not reduced. When the nitrcgen in the solution was only
42 p.p.m. the nitrogen in the tissues was reducéd to 55 p.p.m., and this level
Was associated with definite symptoms of deficiency and a considerable reduc-
tion in yield. :

. There was a consistent reduction in yield and in the soluble phosphorus
In the plant tissues as the concentrations of phcsphorus in the nutrient solutions
Wwere reduced. Slight symptoms of phosphorus deficiency occurred when the
Concentration of the sointion was reduced to 256 p.p.m. and the level in the
tissue was 125 p.p.m. Although the vigour was not greatly reduced, the foliage
Was generally dull dark green in colour with one or two of the older leaves
tinged with a dull purple. Very marked deficiency symptoms developed when
the concentration in the solution was reduced to 12 p.p.m. or when no phos-
Phorus was sunnlied and when the level in the tissues was 22 and 15 p.p.m.
‘Tespectively. It is suggested that reduction in yield is liable to oceur if the
8oluble phosphorus-is not above 125 p.p.m. during the active growth period.

48665—8
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When no potassium was supplied the plant tissue contained 656 p.p.n.
and showed very severe symptoms of deficiency. Nutrient solutions contain-
ing 32 or 64 p.p.m. produced plants showing incipient potassium symptoms.
No symptoms were recorded when the soluticn contained 120 p.p.m. and the
tissue 5,900 p.p.m. but higher yield was obtained when the tissue analysis was

7,800 p.p.m. A decrease of potassium in the plant was accompanied by an
increase in magnesium.

Pea—The reduction of nitrogen in the nutrient solution resulted in a
marked reduction of soluble nitrogen in the plant. Since yields were not
appreciably reduced ror symptoms of nitrogen starvation evident, it is prob-
able that about 70 p.p.m. in the tissue is satisfactory.

The reduction or omission of phosphorus in the nutrient solution resulted
in a marked progressive decline in yield. Reduection in yield and the oecur-
rence. of deficiency symptoms were associated with levels of 46 p.p.m. and
under in the plant tissue.

The reduction or omission of potassium in the nutrient solution resulted in
8 corresponding reduction of this element in the plant tissue. Yields were
materially reduced, and deficiency symptoms appeared with levels of 2,600,
3,200 and up to 4,500 p.p.m. in the tissue. It is probable that the level in the
tissue should be from 5,000 to 7,000 p.p.m. to produce maximum yields.

Tissue Tests of Vegetables Grown on Fertilized Plots in Muck Soils

_ Tissue tests were also conducted with potato, carrot, spinach and onion grow-
ing on a wide range of fertilizer plots on a muek soil. ‘

Potato—Samples were taken from field plots on a muck soil involving
the application of three levels of nitrogen, phosphoric acid and potash arranged
as a factorial experiment. By the methods of analyses used, the application
of fertilizers was reflected in the analyses of the lower petioles of the plant.
Analyses indicated that if the plant contains less than 3,500 to 4,000 p.p.m.
of potassium some six weeks after planting, yield will be reduced. From the
‘owest level of phosphorus found up to 70 p.p.m. there was no relationship with
yield, but with levels above this figure there was a negative relationship. This
negative relationship held only if the potassium level was below 3,000 p.p.m.
With nitrogen up to 200 p.p.m. there was probably a positive relationship with
yield, while with nitrogen from 200 to 1,000 p.p.m. there was a negative rela-
tionship with yield. -

There was a significant negative relationship between the combined nitro-
gen and phosporus unit on potassium levels, and the effects of the higher
-categories of nitrogen or phosphorus levels on yield are largely conditioned by
the potassium level.

A negative relationship existed between levels of potassium and magnesium °
and between potassium and caleium. Low potassium in the tissue was
associated with an aceumulation of magnesium and caleium.

Carrot—The application of potassium was reflected in increased levels of
potassium in the tissues and increased yields. A positive correlation was found
between yields and levels of potassium in the tissue up to 6,000 p.p.m. above
which level no further increase in yields was obtained. Levels in the tissue
upn to 3,000 p.p.m. were associated with dwarfing of the plant. Levels of
phosphorus of 56 and 68 p.p.m. were associated with abnormally dull green
foliage and dwarfed habit of growth. .

Spinach.—The application of potassium was reflected in higher potassium
in the tissues, increased yields and a reduction in the phosphorus concentration.
Definite scorching due to low potassium was associated with a level as high
as 3,900 p.pm. of potassium in the plant tissue. Dwarfing and reduction in
vigour without definite scorching was associated with levels as high as 5900
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p.p.m. Higher yields were obtained when the level was 7,800 p.p.m. or more.
The lowest level of phosphorus found in the tissues was 200 p.p.m., and this
level was not associated with any reduction in yield. An increase in plant
vigour was associated with an increase of soluble nitrogen in the tissues from
500 to 800 p.p.m. '

. Onion.—The application of phosphorus was reflected in increased yields,
increased levels of phosphorus in the tissues and a reduced K/P ratio. The
application of potassium alone, or a high ratio of potassium to phosphorus,
reduced the level of phosphorus in the tissue and reduced the yield.

Higher yields were cbtained when the phosphorus level in the tissues was
not lower than 50 to 75 p.p.m. Poor vigour and yield resulted when levels were
30 p.p.m. or lower. A partial deficiency of phosphorus had more effect on
vigour and yield than a relatively low level of potassium. '

Symptomatic Diagnosis and Mineral Nutrition Studies of Horticultural
: Plants by Means of Nutrient Sand Cultures

The most direct method of determining what a given soil requires for
normal plant growth is to observe the growing plant as an index of ‘the fertility
lt_avel. A deficiency of any one of the several essential elements produces dis-
tinctive growth manifestations and foliage symptoms. A deficiency of one
element is often associated with an excess of another so it is also important to
have an understanding: of the fundamental relationships between different ele-
ments in establishing balanced nutrition. '

Nutrient sand culture studies have been conducted with a number of
horticultural plants to acquire familiarity with the deficiencies, to obtain per-

“manent records of symptoms, and to obtain information on the fundamental
concepts of balanced nutrition.

Boron Deficiency

From 1928 on, brown-heart or water core of turnips was the direct cause
of very considerable losses to growers in eastern Canada. Symptoms of boron
Yeficiency as exhibited by turnips growing in nutrient sand cultures were
identical with symptoms of brown-heart occurring in commercial production.
Symptoms of boron deficiency as affecting the foliage and roots were described -
and - illustrated by Hill and Grant (5). Additional studies by Davis and
Ferguson (1) showed that brown-heart could be prevented by applications of
boron even if the plants were a month old. It was also established that good
contro] could be obtained by applications of boron as a foliage spray.

Ferguson and Wright (2) produced and described boron deficiency symp-
toms of celery, cauliflower, cabbage and corn when grown in sand culture,
and by the same method Hill (3 and 4) described boron deficiency in table beet,
tomato, spinach, carrot and garden pea. Splitting of carrots has been a
Problem in commercial production. A type of splitting as well as a distinctive
pinkish to reddish coloration of the foliage was associated with boron deficiency.
Typical scratching and splitting of celery stalks and canker of beets, both
Prevalent in commercial production, were associated with boron deficiency.

Other De ficiencies

. Studies were also made of growth characteristics associated with deficien-
Cles and excesses of nitrogen, phosphorus, potassium, calcium, magnesium and
Manganese, and in most cases permanent symptom records were secured in the
following plants: '

. Vegetables:—tomato, turnip, carrot, pea, potato, beet, spinach, onion,
celery, bean and lettuce.

486658}
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Ornamentals:—chrysanthemum, carnation,- calendula, cyclamen, sweet pea
and stocks.

Deficiencies in the Tomato

Especial attention was paid to the nutrition of the tomato. It was shown
that excess nitrogen symptoms are similar to those of deficient potassium in
the early stages. A very close relationship exists between the feeding of nitro-
gen and the element potassium. The latter acts as the counterpart of nitrogen;
that is, where nitrogen promotes soft, sappy growth, potassium hardens growth.
Instances of potassium deficiency are sometimes associated with a medium
potash level and a very high nitrogen or high N/K ratio.

It was also shown that excess feeding cf phosphorus may induce potassium
deficiency in the plant. Phosphorus deficiency was indicated by a marked
dwarfing, small sized leaves, at first dull green in colour, later turning to a
bluish purple.

A definite correlation was found between the occurrence of blossom-end
rot and extreme vigour of the plant. Since this type of growth depended upon
a high 'supply of nitrogen, it is considered that heavy applications of manure
or commercial nitrogen are contributory to this trouble.

Specific Symptoms of Deficiencies in Vegetables

Following are descriptive notes of deficiency symptoms'of a number of
vegetable plants:

Deficient Phosphorus

Potato—Plants are stunted, leaves dull dark green to bluish green;
petioles arise at sharp angles and almost parallel with the stem; many of the
tubers are affected with a black rot at the stem end.

Turnip—Plants are depressed in vigour, leaves small, dull dark green
with green fading and becoming a dull bronze. .

Celery—Stunted growth, foliage dull dark green with older foliage turn-
ing yellow.

Pea—Poor vigour, spindly upright stem, leaves reduced in size.

Carrot—Foliage dull dark green with older leaves dull purple and the
leaf petioles affected with the same pigmentation.

Beet.—Plants dwarfed, leaves reduced in size, dull deep purple, petioles
shortened,

Deficient Potassium

Potato.—Plants are compact with shortened internodes. The foliage is
at first dark green; the margins of the leaves become yellow, followed by a
brownish yellow bronzing which is intensified in the veins.

Turnip.—Pin pdint greyish to white necrotic areas appear around the
margins of older leaves, follcwed by a general greyish scorching. In extreme
deficiency the root is merely a thickened continuation of the stem.

Celery.—Plants are very dwarfed and have a marked wilted appearance;
petioles are very short; leaves are small and lie flat. .

Pea —Plants are decidedly dwarfed, leaves much reduced in size with the
tips and margins first ycllow, then white and paper thin.

Carrot.—Plants are markedly dwarfed. The foliage is a dull dark green.
with the tips of leaflets becoming brcwn and scorched.
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Beet.—Plants are dwarfed. The foliage is dull with a whitish grey mottling
- frequently toward the outer edge of the leaf but not following a distinct
pattern.

Ctler Deficiency Symptoms in Vegetables

The general symptom of magnesium deficiency is a yellowing of leaf
tissue between the veins follcwed by browning and death of the affected tissue,
and either marginal browning or browned patches near the centre of the leaf.
Symptoms first' appear on older basal leaves, progressing upwards.

A study with the nutrition of head lettuce in the greenhouse suggested that
tip burn and scald were intensified by a high supply of available phosphorus,
especially when the nitrcgen supply was also high.

Deficiency Symptoms in Ornamentals i
Chrysanthecmums
~ Rather extensive studies have been conducted with chrysanthemum nutri-
tion. Definite foliage injuries were associated with a high nitrogen-potassium
ratio in the nutrient solution. The chrysanthemum is a high potassium feeder and
8 nitrcgen-potassium ratio of 1 to 2 in the nutrient solution produced normal
growth. High phosphorus feeding in the presence of a high nitrogen-potassium
ratio increased the severity of foliage injury. Lack of phosphorus was charac-
terized by spindly growth, stunting and reddish-purpling of the leaves. Lack
of potassium caused poor vigour, fading and yellow-browning of the foliage
together with burning and dying of the foliage from the base of the plant
‘upward. Fertilizer treatment had a marked effect upon the production of depth
.Of colour in the bloom. Develcpment of colour was increased by an adequate
Potassium supply, not only in total amount but also in relation to the amount
of nitrogen or phosphorus available.

» Stocks

Deficient nitrogen—Stems are thin and spindly, leaves small, with upright
habit of growth, The leaves are at first pale green succeeded by orange ccloured
?hlomsis commencing at the leaf tips and gradually extending down the whole
eaf,

Deficient potassium.—The first symptom on the leaves is a yellowish
mottling followed by tip or margnal scorching. The scorched tissue is light in
colour, almost a dirty white. :

Deficient boron.—Abnormal curling back of the upper leaves and the
appearance of a greyish cast over the leaf surfaces. In advanced stages there is
4 marked browning on the midrib and cracking of this tissue. The growing
Point of the plant becomes compressed and flower buds fail to develop.

Sweet Pea

Deficient phosphorus.—Leaves are very small, standing upright. The inter-
" Dodes, Jeaf petioles, tendrils and flower stems are noticeably short. Purpling
C‘f‘fcuvrs on the under surface of older leaves and on the tendrils.

Deficient potassium.—A marginal yellowing cccurs on the lower leaves fol-
loweq by a light brown straw colour scorching which gradually involves the
- entire leaf. Flower stems are short. : - :
Deficient boron~—The first symptom is a marked curling or rippling along
the margins of the petals. This is followed by a yellowing and death of young
Ower buds. A typical distortion of the growing part occurs.
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Calendula

Deficient nitrogen.—Plants are poorly branched, spindly with thin stalks.

The foliage is at first light green to yellow-green followed by a straw-coloured
scorching of the older leaves.

Deficient boron.—Irregular, slightly greyish mottled areas occur on the
leaves. These areas gradually spread producing a decidedly greyish cast over
the entire leaf. A browning and cracking develops on the edge of the stems.
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Physiological Disorders of Apples
Cork Disorders

In 1931, a request was made for diagnosis of and control measures for a
disorder present in rather severe form in an orchard at Oka, Quebec. Examina-
tion of the fruit showed the disorder to be similar to that described by Mix (6)
and to which he had given the name, “cork”.

In the varieties Fameuse and MecIntosh two different expressions of the dis-
order of the fruit were recognized. In neither the Fameuse nor the MecIntosh
variety was there any external evidence of the disorder when the affected fruit
‘was half grown. Internally, in Fameuse light brown spots of dead cork-like
tissue occurred in the region of the core cor scattered indiscriminately throughout
the flesh. Later, the affected Fameuse sometimes became severely deformed by
discontinuous elevations and depressions, producing a marked knobby appear-
ance. To this expression of the disorder the name “internal cork” was applied.
In the Mclntosh variety the internal affected tissue was generally confined to the
core area, either as light brown individual spots or as a continuous band or
circle around the core, and t6' this manifestation of the disorder, the name
“corky-core” was applied.

At this time no direct control measure for the disorder was known. Mix (6)
concluded that “lack of soil moisture was one predisposing factor but since the
disorder may appear, to & limited extent, in a rainy season, lack of o0il moisture
cannot be considered the sole cause. Other factors, yet unknown, may be
operative”. Based on the evidence, the only control method Mix suggested was
conservation of soil moisture, and an even distribution of the moisture supply
throughout the season. '

From the beginning of these studies at the Division of Horticulture it was
considered that some nutritional condition might be a contributory factor in the
occurrence of this disorder. In the search for the nutritional factor, roots from
affected trees at Oka were analysed in 1931. - The analyses showed very heavy
accumulation of iron and a low potassium content. Other .workers had reported
a correlation between iron accumulation and a deficiency of potassium in corn.
For this reason affected trees at Oka were treated in the spring of 1932 with
drilled soil applications of muriate of potash and a foliage spray of potassium
sulphate. Although both methods increased the potassium concentration in the
foliage, they had no effect in reducing the severity of cork disorders.

- By this time cork disorders were causing considerable concern in indi-
vidual orchards in -all the main apple growing districts in the province.



111

In 1933, it- was decided to conduct a survey of soil conditions and tree

- root growth of healthy and affected trees in the principal producing areas.
Observation trenches five to six feet in depth were dug in some twenty-two
different orchards. Soil analyses were made and soil moistures determined. These
studies did not establish any direct cause of the disorder, but they did associate
certain conditions with increased severity as follows:

(1) High lime soils.

(2) High percentage of nitrogen and organic matter especially where com-
pact subsoils caused shallow rooting of trees.

(3) Soil moisture excesses and deficiencies in association with high nitrogen
and organic matter. ‘

These correlations are basically nutritional. They strengthened the original
premise that some nutritional condition was a factor in cork disorders. However, -
the soil and root distribution studies provided information of a much wider
character than their possible relationship with this particular disorder. They
provided @ knowledge of the soil types in the different areas and of the physical
characteristics of the soil associated with extensive or restricted tree root
systems. These studies have been reported in detail (3).

During the winter 1933-34 such severe winter injury occurred in the Quebec
orchards under survey that sufficient tree units were not available for extensive
experiments. However, in 1934, dry salts of phosphorus, potassium, nitrogen,
caleium, magnesium, manganese and boron were injected directly into limbs of
trees for a study of the effect of nutrition on the incidence of cork. Broadeast
soil applications of one-quarter pound of boric acid were also made to two
Jtrees. All the trees in the experiment set such a small erop that it was impossible
to evaluate the effect of treatment. In the small number of apples available for
examination cork was absent in some of the untreated as well as in some of the
treated limbs.

A fairly definite lead was secured from the pot sand culture experiments on
apple nutrition at Ottawa. Up to 1934, boron had not been included in the
hutrient solutions used, and with the beginning of fruiting in 1932 a large
percentage of the fruit was affected with cork, In 1934, the trees were divided
Into two groups, .one of which had one part per million of boron included in-
the nutrient solution. A considerable proportion of the experimental trees did not
bear fruit in that year, but those fruiting trees which received boron were free
of cork. For instance, one tree which had had every fruit affected in 1932 and

* 1033 bore forty-four fruits in 1934, all of which were free of cork. This effect
of boron in controlling cork was confirmed in 1935 when the potted trees were
fruiting more normally.

. In the Waite orchard, a block of McIntosh, near Brighton, Ontario, prac-
tically every tree bearing fruit had been affected with corky-core in 1934.
herefore, in 1935, direct limb injections were made of powdered salts of
Phosphorus, potassium, nitrogen, caleium, copper, manganese and boron. Before
arvest an examination was made of twenty cut apples from each treatment
Wwith the following results: :
' Injections in Grams

Salt Employed per Limb % Cork Core
Potassium chloride ......ccoiviviieiiiiiiiiiianns 14 100
Sodium hydrogen phosphate ................ ... 16 92
Ammonium nitrate .......ccciiiiiiiiiieiiiiaaaas 15 97
Calcium acetabte ....coverevrererneerorerenenesns 14 97
Copper sulphate ......oovviviviieiiriiannnenens 1 97
Manganese sulphate 1 95
Boric acid ........... e . 1 60

Cheek oot i i e 94
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These results are the average of several unit limb injections for each salt.
In one tree having an average of ninety-seven per cent affected fruit in all
other limbs, the limb injected with boric acid had only 45 per cent of the fruit
affected and such fruit showed only slight symptoms. Even though injected in
such a small amount, boron apparently effected a partial control.

In June, 1936, a request was received from the Agricultural Representative
of Northumbelland county, Ontario, to diagnose a condition which had arisen
in the-Hendricks orchard near Trenton. This orchard consisted of about eighteen
acres planted to the varieties, McIntosh, Fameuse, Northern Spy, Wealthy,
Stark, Ben Davis and Salome. A tree to tree examination revealed that some of
the fruits on at least 90 per cent of the trees were affected with an expression of
the cork disorders to which Mix had applied the name ‘“drought-spot”.

The type of cork designated as drought-spot may appear early in the life
of the fruit. It first appears as irregular small to large light brown russeted
patches on the skin. These areas later become rugose, darker brown in colour
and as they grow, become roughened and cracked. The lesions may not extend
deeply into the flesh although in severe cases deep cracks or splits may be
formed. This expression of the disorder was found either alone or associated
with internal cork or corky-core.

Just before harvest actual examinations were made on fifty apples from
each tree in the Hendricks orchard and the percentage of the crop affected
with some type of cork disorder was as follows:

Melntosh ..., 85 Stark ...t -39
Fameuse ................... 72 Ben Davis .. 91
Wealthy .................... 75 Salome ....... ..o, 61

From observations made during the season it was estimated that at least
four thousand trees in the Brighton-Trenton district were bearing fruit affzcted
with some form of the cork disorders.

Because injections of boron effected a partial control of internal cork in the
Waite orchard in 1935, further treatments were made in the spring of 1936:

1. Direct injection of boric acid into the trunks of trees by boring holes
with a f-inch bit to a2 depth of two inches then filling these holes with boric
acid. The holes were spaced five inches apart around the trunk. Direct injections
of three grams of boric acid wefe also made into individual limbs.

2. Boric acid at the rate of one-quarter pound per tree broadcast on the 5011

In June, when the high incidence of drought-spot was found in the
Hendricks orchard, drought-spot was also found in the Waite orchard but only
on untreated trees or limbs. All trees or limbs which had been injected with
boric acid in 1935 or in the spring of 1936 were free of this disorder. Previous

to harvest an examination of fifty apples from each treatment showed the
following percentages of cork:

Boric acid inJection ......... ... . it ie i e 0
Boric acid 80il broadeast ..........oviiiviiiiriieiiaiinaans e 76
107 3= 81

In every instance where boric acid had been directly injected into the trunk
or into individual limbs the apples were completely free of cork disorders, but
the soil broadcast application of one-quarter pound of boric acid per tree did not
give control in the year of application. It was believed that the broadcast rate
of application for these adult trees was not sufficiently hlgh especially on the
Waite alkaline soil which had free carbonates occurring in all soil horizons, As
proof of the insufficiency of a.pphca.tlon analysis of treated soil from this
orchard showed the water soluble boron in the surface soil to be 0-5 p.p-m. and
in the 12—24 in. horizon only 0+2 p.p.m.



113

Boron analyses of leaves and fruit from untreated and boron injected trees '
- of this same orchard gave the following results on a dry-matter basis in p.p.m.
boron.

Fruit Leaves
Boron injected into trunk .......... . .00ieiiil, 35-7 15-0
(0] 1713 < 1 1

In the untreated Hendricks orchard the fruit contained an average of
1-09 p.p.m. and the leaves, 4-2 p.p.m. of boron. :

From these analyses and the fact that the Hendricks orchard comprised
7 varieties more or less severely affected, it was considered that this location
offered excellent facilities for conducting experimental remedial measures. Plots
and treatments were commenced in the fall of 1936 and the spring of 1937,

Soil moisture was adequate throughout the 1937 season. Cork disorders
were not severe as borne out by the boron levels found.in fruit from non-treated
trees (Table 21).

TABLE 21.—BORON ANALYSES OF FRUIT, 1937

p.p.m. Boron
Variety T'reatment Dry-Matter
Basis

MecIntosh..vovvvvoevnn.n.. Check.......oovvvniveiiennnnns s . 17-0
Melntosh.....o.ovevvnnn 1 1b. boric acid per tree broadcast fall 1936. . 483
McIntosh. .. .. .11 1b. boric acid per tree broadcast spring 19 25-7
Meclntosh. | Boric acid, trunk injection, 20 grams, spring 1937.. . 36-0
MeIntosh. .19-25%, boric acid sprays at calyx and second cover............. 40-0
Fameuse. ORECK . . e e e e 20-0
. Fameuse. .|11b. boric acid per tree broadcast fall 1936..................... 43-0
Fameuse. ...]1 Ib. boric acid per tree broadcast spring 1937.................. 25-5
Fameuse.................. Boric acid trunk injection, 20 grams, spring 1937................ 41-0
BINGUSE. .. eevvevvrarnnann 0-25% boric acid sprays at calyx and second cover............. 41.5
Salome........c.......... Checﬂ ........................................................ 13-7
T S 0-256% borax spray at calyx and second cover............... e 37:5
Salome. ... .oocveriinnnn.. 0-25 %, boric acid spray at calyx and second cover.............. 41-2

A comparison of the two broadeast applications, fall of 1936 and spring of
1937, indicates a considerably higher level of boron in the fruit of trees receiving
the fall application. In some of the trees directly injected with boron a certain
amount, of foliage injury was observed. In an injured leaf the green colour along
the midrib disappeared and the area subsequently turned yellow.

Boron analyses of affected and non-affected leaves from boron injected trees
and leaves from non-treated trees were as follows:

Variety - Boron (p.p.m.)
Fameuse ...... Injured leaves from injected trees .................. 240

“ L Healthy leaves from injected trees .................. 60
Ben Davis ...Injured leaves from injected trees .................... 120

“ ....Healthy leaves from injected trees ................... 60
Stark ......... Healthy leaves from untreated trees .................. 10

The injured leaves from treated trees had two to four times the boron con-
tent of the uninjured; leaves from the untreated trees had one-sixth the boron
Content of healthy leaves from treated trees. , ‘
. In the spray applications of borax or boric acid, the chemicals were included
In the regular lime sulphur arsenical sprays. Particular care wag taken to record
the effects on the foliage. No foliage injury resulted from this method of appli-
cation, and apparently the efficiency of the spray material was not im'pa.ireg.

On the basis of the results secured in the Waite and Hendricks orchards, the
following interim recommendations for the control of cork disorders were made
to the growers: “Cork disorders may be cotrected by boron applications to the soil
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" at the rate of four to eight ounces of borax per tree, worked into the soil if pos-.

1ible.

If the soil is alkaline, immediate results may be obtained by incorporating

‘borax with the regular lime sulphur sprays. Two applications should be sufficient,
one at the time of the calyx spray and the other in the second cover spray, using

borax at the rate of 24 lb. to 100 gallons of spray mixture”

(1).

Further treatments were made in the Hendricks orchard in 1938 and 1939,
and the residual effects of the 1936 or 1937 treatments were recorded. Results
are given in Table 22.

TABLE 22~BORON ANALYSES AND INCIDENCE OF CORK DISORDERS IN
HENDRICKS ORCHARD, 1937-1939

1937 1938 1939
Variety Treatment
p.p.m. % | p.p.m. % | p.p.m. %
Boron | Cork | Boron | Cork | Boron | Cork
Melntosh............ heek...........cociil... 17.0 |........ 3 45-6 4 50
Meclntosh............ Boric acid broadeast fall 1936:| 38-3° [........ 16 00-0 24 00:0
Meclntosh............ Boric acid broadcast spring|
1987, e 25-7 20 90 23 - 00-0
Meclntosh............ Boric acid trunk injection 1937| 36:0 10 00-0| 8 8
Mecelntosh............ Boric acid spray 1937.......... 40-0 10 9-0 7 4
Melntosh............ Boric acid spray 1937, 1938,
2 1 R I [ Y 19-6 00:0
Fameuse............. Check......icovcviivineninnen 20-0 0-33 16 18-3 6-6 20-3
Fameuse........ H Bonc acid broadcast fall 1936.{ 43-0 |........ 25 00-0 23-8 00-0
Fameuse............. Boric acid broadcast spring
19837, e 25-5 0.33 17 00-0 20-8 00-0
Fameuse............. Boric acid trunk injection 1937} 41-0 1-0 11 0-66] 11-6 2-3
Fameuse............. Boric acid spray 1937.......... 415 j........ 13-5 00-0 15-0 00-0
Fameuse............. Bonc acid spray 1937, 1938,
' 1939, ..o v e s 32-6 00:0
MclIntosh...... aeeal. Borax deep dnlhng in soil,
: 1937,19038.......... vt 226 |........ 10 000 |........ 00-0
Melntosh............ Boric acid deep drilling 16 oz.
1937, 1938..........cociuien 275 f........ 18 00:0........ 00-0
Melntosh............ Check.........covvvvinnnnenns 13-0 |........ .4 48-0}........ 75
Wealthy............. Borxc acid spray 1937, 1938,

F T 21 TR P PR 00-04........ 00-0
Wealthy............. Borax spray 1937, 1938, 1939...{........ 00:0f........ 00-0
Wealthy.............JCheck........ccoviiiviiiiafnenenss 6:5(........ 15
Salome.............. Borlc ‘acid spray 1937, 1938,

................................ 000 f........ 00-0
Salome.............. Borax spray 1937, 1938, 1939...]........ 00-0f........ 00-0
Balome..............[Check.................... ]l 34 |........ 53

TABLE 23.—INCIDENCE OF WATER-CORE IN NORTHERN SPY AFTER THREE ANNUAL
TREATMENTS FOR CORK DISORDERS

Treatment

Borioc acid 8 og. per tree
Boric acid 16 oz. per tree
Borie acid 32 os. per tree
Boric acid 64 oz. per tree
Borax 12-5 oz, per tree

Borax 25 oz. per tree..

Borax 50 os. pertree ...... :
Borax 100 oz. per tree.

Water-Core Boron
% p.p.m.
4 4-1
4 |
10 420
22 i
4 620
[ Z R
0 20-0
12 foe
18 '63-3
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In addition to those treatments in Table 22 broadcast applications of borax

- and borice acid were made for three successive years (1937-1939) to trees of the

Northern Spy variety. The rates employed did not produce any injurious effect
on the trees, but after the third successive year of application, water-core and
water-core breakdown of the fruit appeared to be more prevalent as indicated
in Table 23.

Spray treatment of the variety Salome for three successive years gave the
following further evidence of the deleterious effect on fruit quality:

Treatment : % Water Core
Boric acid SPrays . covveietiviieier ittt ittt 30-2
BOrax SPIays «vvuireeriiiiei ittt 15-0
[ =7+ 1-5

Because these studies indicated-that with repeated applications of boron-
carrying compounds there was a danger of creating toxic conditions leading to
water-core in the fruit, the recommended control measures were slightly modified
as follows: :

Boron should be applied either in the early spring or fall to orchards in any
area where cork has been found and where no application of boron has yet been
made. The treatments should not be made annually. A single treatment has
been found effective for a period of three years under fairly normal conditions.
The safest procedure would be to forgo further applications until the first
reappearance of the disorder is again recorded, since with annual treatments.
there is a possibility of creating toxic concentrations of boron. '

The specific recommendations were:

Orchards on Acid Soils—Four ounces of borax to trees up to 10 years of
age, 8 ounces to trees from 10 to 20 years of age, and 8 to 16 ounces to older
trees. If boric acid is used, the rates should be two-thirds of those mentioned.

Orchards on Alkaline Scils.—If the soil is alkaline and high in calcium car-
bonate, effective control may not be obtained by applications to the soil in a
Season when very low soil moisture conditions exist. Under these conditions
more effective control may be obtained by incorporating borax with the regular
Spray at the rate of 24 1b. borax to 100 gallons of spray, applied at the time of
the calyx and second cover sprays. ‘

~ From 1939 to date, either the soil application or foliage spray recommenda~-
tions as given have been employed every three years in the Hendricks orchard.
Complete control of cork disorders has been obtained, and there has been no
evidence of deterioration of fruit quality. .
_ In the province of Quebec, boron is applied as a foliage spray. Recommenda
tion for treatment is made through the spray service calendar every -third year
and this serves as a convenient means of maintaining the necessary boron supply
without the possibility of creating an excess.

The foregoing experiments covered a period of nine years, but results have
been definite and gratifying. By following the remedial measures, cork disorders

no longer reduce the yield and quality of fruit in the commercial apple orchards
of Canada, “

Bitter-Pis

Seasonal climatic conditions that favour the prevalence of cork disorders
a!so cause an increase in the severity of bitter-pit. Until it was known that cork
18orders were directly due to a deficiency of boron, bitter-pit was grouped with
the cork disorders and all were attributed to unfavourable water relationa.
Although cork disorders were the more serious in the Hendricks orchard,
Certain varieties such as Spy and Stark were also affected with bitter-pit. Since
itter-pit was also present in other commercial orchards, & survey was made of
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the incidence of this disorder in many of the commercial orchards cf the two
Ontario counties, Northumberland and Durham. An attempt was made to
correlate certain factors such as soil characteristics, tree root growth and vertical
Sgstrg})ution, soll management and fertilizer practice with the occurrence of this
cuble.
Symptoms of two types of bitter-pit, typical bitter-pit and blotechy-pit, were
recognized.

Typical Bitter-Pit—Pitting does not show up until the fruit is approaching
maturity or may not show up until the apples have been in storage for some time.
The first cells to be affected are the pulp cells, and from these the disorder works
outward so that in the initial stages dark spots may be seen through the skin
before an actual depression or pit is formed. The areas over these spots become
depressed or sunken and are comparatively small and regular in outline.
Externally the spots are usually brewnish but may vary from grey-green to
reddish-brown. The small brown spots extend into the fiesh, but are generally
confined to a few layers of cells just underneath the skin. The pits are usually
more numerous towards the calyx‘end. Sometimes late formed cork lesions may
be confused with bitter-pit, but in cork the brown spot is generally surrounded
by & very narrow zone of green tissue. Internally, and therefore not visible as
pits on the surface of the apple, numerous lesions may be distributed between
the skin and the core area.

‘A histological examination (4) of apple fruit affected with the various cork
disorders and with bitter-pit showed the following similarities and differences:
Starch retention in localized or diffuse necrotic areas is common to both cork
disorders and bitter-pit. External papillations occur on the walls of cells in
close proximity to the lesions. Abnormal meristematic activities oceur in the
cork disorders. These are (1) a cork cambium partially or completely walling
off a lesion; (2) massed lmear cells, heavily papillated, and (3) reactivated
individual cells or groups of cells. All three types of abnormal cells may be
present in internal cork and drought-spot but no cork cambium oceurs in corky-
core. Blotehy-pit is discussed as a border-line type since one end of a graded
geries is similar to internal cork and the other is indistinguishable from bitter-pit.

Biotchy-Pit—In this expression of the disorder, the pits. are less clearly
defined, irregular in outline, larger in size, less sunken, deep green or mottled
green and brown blotchy depressions. Large brown mecrotic areas are found in
the flesh near the core or close to the surface. Such lesions may be brown and
spongy with an indefinite outline similar in appearance to 'a bitter-pit lesion, or
the lesion may have a definite faded greenish border similar to that of internal
cork. However, this type of lesion is not readily confused with internal cork
because of the difference in external appearance. ‘

The effect of boron on control of pit disorders is given in Table 24.

Branch unit injections of various mineral salt solutions were also made using
the varieties Newton Wonder and Mr, Prothero while the author was stationed
at the East Malling Research Station, England, in 1938. Details of these

" injections and their effect on bitter-pit incidence are given in Table 25.

These studies, the results of which are summarized in Tables 24 .and 25,
indicate that boron treatments have no effect on the control of bitter-pit. Neither
was any. control obtained by direct injection of the mineral salts listed in
Table 25. .

In the Hendricks and two other commercial Ontario orchards, branch unit
injections of various mineral salts did not effect a reduction in the incidence of
bitter-pit. In fact, in one orchard limbs injected with phosphorus, calcium or
cobalt showed more severe symptoms of the disorder.

Analyses of pitted fruit had shown that in comparison with healthy fruit
the calcium and iron content of the affected fruit was noticeably low, yet direct
injecticns of calcium salts were of no assistance in controlling the trouble.
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TABLE 24.—EFFECT OF BORON TREATMENTS ON THE INCIDENCE OF PIT

STARK VARIETY

T Bitter-Pit Bitter-Pit
reatment at Harvest | in Storage

% %

Soil application, deep drilling, borax...................
Soil al?plicatlon, deep drilling, boric acid

heck. .. oo
Trunk injection, borax.................
Trunk injection, boric acid.............

SO D

0 T PR P
SPY VARIETY
Broadecast applications, boric acid, 80zZ.......covviiiiiiiiiiii 13 |
oz 8 8:8
6 |
4 6-6
4 54
14 | e
6 9-3
8. 6-1

TABLE 25.—EFFECT OF INJECTIONS OF MINERAL SALT SOLUTIONS ON THE
INCIDENCE OF PIT IN TWO VARIETIES OF APPLES

l I;,IV?:&%’; Mr. Prothero
Treatment .

Pit Pit

_ % %

Boricacid..... ...ocoviviieniiias e e e e -9 42-2

inc sulphate.................. s . 69-0 :

Nickel chloride. .........ouveeuerninaanien.. 5 PR

Celeitm ncetate...........oooeveeereeennn. 446

Check. ... .o 7 42.8
Ferric chloride..........oovvveiiieiiiiine i
agnesium sulphate........................ ...
otassium sulphate.............cooiiiiiiiiii,
anganese sulphate............... ... .ol
Mixture N. P. K. Mg.and Fe.............ccoceunns .
Mixture N. P. K. Mg. Fe.and B... ... vooiiiiniieiiiieaneainicnannns

m@wﬁxlﬁ%
QO = Q0 W0 O
SRR WD

The Horticultural survey of some 160 orchards in the counties of North-
umberland and Durham showed the following trends in reference to the occur-
rence of bitter-pit:

A small amount of bitter-pit is present each year on individual trees or on
Small groups cof trees, but at intervals of several years it develops to a serious

_State. The principal varieties affected are Stark, Northern Spy, Baldwin,
Baxter and Greening. Bitter-pit appeared to be at a minimum in permanent
Sod orchards compared with various systems of cultivation; it was more preva-
ent in young trees just beginning to bear; in seasons of light erop when the
fruit size was abnormally large and when grown under high nitrogen conditions;
1t appeared to be more prevalent in orchards situated on the better, heavier,
eeper soil types such as the Newcastle loam. On this soil type tree root
Systems were deep and well developed and tree vigour was high. Although there
Wwas a definite relation between the occurrence of cork disorders and the amount
of free carbonates, this did not hold in the case of bitter-pit.
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No’ direct cause or control of bitter-pit was established. With the onset
of war and the consequent reduction of staff and channeling of effort further
studies on this disorder were necessarily suspended.

On the basis of knowledge thus far, the only possible recommendation to
the grower is to avoid those pruning, cultural and fertilizer treatments which
promote excessive growth. If bitter-pit is present, the amount of nitrogenous
fertilizer should be reduced or the use of manure forgone. In some cases it
may be advisable to change from a clean cultivation system of management to
a sod mulch. The fruit from trees showing bitter-pit at harvest time should be
marketed immediately, since storage-pit may develop in fruit from trees
‘apparently free of bitter-pit at harvest.

Water-Core

Another common name for water-ccre is glassiness. When this disorder is
in the early stages or if it is not severe, it may be recognized only by cutting
open the fruit. In these early or nonsevere stages, glassy ‘areas occur close to the
core, in lines radiating from the core, or around the vascular bundles. These
areas appear to be water or sap-injected. Later, much of the flesh may become
involved and the disorder progresses outward to the skin. All portions affected
attain the characteristic glassy appearance. If the fruits are severely affected
when picked, a general breakdown of the tissues occurs in storage, but if
slightly affected only, the water-core areas may disappear. Although no sys-
tematic study of this disorder has been conducted, the following results from
branch unit solution injections of the variety Duchess are of interest: -

Treatment % Water-Core
4T 22
Do 7 L) 5 s+ PN 26
B D05 ¢ Nt 46
Caleium ........ccvivnnnns. b et ar et et 24
Phosphorts o oviiiii i e i et e 18

These results bear out the commonly accepted view that water-core is more
prevalent under high nitrogen conditions. It is also more prevalent on young
irees just coming into bearing so that the growth of young trees of susceptible

varieties should not be unduly forced by heavy applications of nitrogenous
fertilizers or manure.
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The Histology of Physiological Disorders in the Apple Fruit
‘M. MacArthur

In general, diagnosis of physiological disorders in the apple fruit has been
based on the gross appearance and location of the accompanying lesions. The
histology of these lesions smd the contiguous tissue was investigated in an attempt
o supplement the gross diagnostic characteristics.
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The disorders examined were internal cork, corky-core, drought-spot (super-
_ ficial cork), bitter-pit (tree pit, normal type), blotchy-pit (tree-pit, blotchy type)
and water-core. The first three are known to be boron amenable and the litera-
ture is in conflict as to alleviation by boron in the remaining types, but the
experimental work conducted by the Division of Horticulture under the super-
vision of M. B. Davis and H. Hill has not shown that boron deficiency is associ-
ated with these remaining disorders.

Histologically, the lesions of internal eork, corky-core and drought-spot all
showed abnormal growth. None was found in bitter-pit while blotehy-pit was
intermediate; that is, there was a type gradation ranging from lesions similar
histologically in all respects to those of bitter-pit to others resembling drought
spot with the several classes of meristematic activity.

In all disorders except water-core there was cell collapse in the lesions,
imprisoned starch grains and the cell walls of contiguous healthy cells were more
or less papillated. The abnormal growth in internal cork consisted of heavily
papillated linear cells, and re-activated cells. The lesion was walled off by a
. cambial layer. The linear cells were always found in corky-core; re-activated cells
were found occasionally, but there was no cambial activity. In drought-spot
linear cells were always present ; re-activated cells and cambial activity occasion-
ally present. In bitter-pit no abnormal growth and no cambial layer was found.
Some lesions of blotchy-pit resembled bitter-pit; others drought-spot. Water-core
differed from all others in that there was no cell collapse, starch retention, papil-
lated cell walls or any meristematic activity.

The details of the comparative microscopy of these physiological disorders
may be found in “Histology of Some Physiological Disorders of the Apple
Fruit” by Mary MacArthur. Can. Jour. Res. C, 18:26-34. 1940.

Soil Management in Vegeluble Production
H. Hil

In vegetable crop production, soil fertility maintenance presents & problem
which is legs easily dealt with than in most other types of agricultural production.
he majority of vegetable erops require a quick and relatively short growth and
Maturity period, and therefore, demand a higher level of available plant nutrients
than do the majority of field crops. Many of the crops are intertilled, and com-
Paratively long periods of cultivation speed up organic matter losses. Vegetable
Browing has become highly specialized, and a grower has no need for pasture or
little need for hay. When vegetable 1and is put into grass to build up the soil
organic matter it means that high priced land is taken out of production. The
Problem is to strike a balance so as to secure the highest returns from cash erops
and yet not cultivate so intensively that soil organic matter and fertility are
€Ventually reduced. :

Soil studies have been conducted during the last four or five years on a
Vegetable production area. In this area it has not been possible to follow what
Would be considered a suitable crop rotation, but the study has provided inter-
esting information on the effect of certain cultivated crops on the levels of soil
Organic matter. All crops mentioned have received a medium quantity of com-
mercial fertilizer.

Areq |
1945: Soil organic matter 5-44 per cent; total nitrogen 0-21 per cent. Crop,
onions.
1946: Strawberries for propagation.
1847: Crop, cucumbers. Application of 25 tons of manure per acre.

1948: Crop, carrote, beets. Soil organic matter 4-70 per cent; total nitrogen
0-18 per cent,
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Following three cultivated crops and with 25 tons of manure per acre applied
in this period, the organic matter decreased 0-74 per cent.

Area 11

1945: Soil organic matter 4-84 per cent; total nitrogen 0-19 per cent. Crop,
carrots and cabbage. :

1946: Crop, peas. Manured in fall at 25 tons per acre.

1947: Crop, early carrots. After carrots, soil organic matter 3-92 per cent;
total nitrogen G-17 per cent. Seeded down to clover and timothy.

1948: Ploughed in August, sampled in October. Soil organic matter 5-40 per
cent; total nitrogen 0-22 per cent. No hay removed.

A clover-timothy sod, not cropped and turned under, increased the soil
organic matter to a higher level than was found previous to the cultivated crops.

Area 111

1945: Soil organic matter 4-53 per cent; total nitrogen 0-15 per cent. Crop,
carrots. .

1946: Seeded to clover and timothv. )

1947 Ploughed In Aueust, sampled in October. Organic matter 610 per cent;
total nitrogen 0-25 per cent. :

1848: Crop, tomatoes. Sampled in October. Soil organic matter 5-62 per cent;
total nitrogen 0-25 per cent.

Area IV

1¢45: Soil organic matter 4-22 per cent; total nitrogen 0-19 per cent.

1946: Seeded to timothy-clover.

1947: Ploughed in August. Soil organic matter 6-06 per cent; nitrogen 0-23
per cent,

1048: Crop, radish and spinach. Soil organic matter 5-24 per cent; total
nitrogen G-22 per cent.

Area V

1945: Soil organic matter 4-26 per cent; total nitrogen 0-18 per cent. Crop,
tomatoes.

1946: Seeded down to clover, timothy. ‘ )
1947: Ploughed in August. "Soil organic matter 5-58 per cent; total nitrogen
0-25 per cent.

1948: Crop, corn. After corn, soil organic matter 4-56 per cent; total nitro-
gen 022 per cent. :

Grassing down for two years with the total growth returned to the soil
appears to be a good way of building back organic matter after a series of culti-
vated crops.

To answer some of the questions on suitable rotations in canning crop pro-
duction, long-time experiments were set up at the Smithfield Substation in 1946
These rotations are desiened on the assumption that sufficient manure is not
generally available to maintain organic matter with cash crops of tomatoes, pezs
and corn. The trials consist of several rotations. ,

1. A four-year rotation with two canning ecrops, peas and tomatoes or peas
and corn; a grain crop and timothy-clover hay. ' .

2. A fonr-year rotation with three canning crops, green manure after pea
and sweet clover the fourth year.

3. A four-year rotation with three canning crops, clover seeded in peas OF
corn, and ong year clover hay.

4, A two-year rotation of tomatoes and peas or corn and peas, and two
green manure crops following the pea harvest.
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- This study will necessarily be conducted for a prolonged period before any
‘conclusions may be drawn. However, as the study progresses certain crop records
and soil studies will provide a source of interim information.

Soilless Growth

For several years prior to 1935 the Horticultural Division, Central Experi-
mental Farm, Ottawa, had studied the nutritional requirements of various plants
by growing them in pots in sand and supplying nutrients in solution. Such
marked success was obtained that the production of commercial crops in the
greenhouse in beds of sand treated with commercial plant nutrients in solid form
or in solution was considered feasible.

The first plant employed for conducting a study with this method of
commercial production was the chrysanthemum. (Hill, H. and M. B. Davis,
Chrysanthemums Thrive in Sand Cultures. Better Crops with Plant Food 20,
No.11:6-8, 36-38, 1936). ‘

The method employed for growing chrysanthemums in beds of river sand
and watering the surface with nutrient solution was as follows:

Before transplanting into sand, most of the soil was removed from the
roots. Until the plants were about half-grown nutrient solution was applied
at the rate of three-quarters of a pint per plant or approx‘mately one gallon per
Square yard once a week. The application of solution was then increased to
one and one-half pints of solution per plant or approximately two gallons of
solution per square yard once a week. In addition to the nutrients the plants
Were watered when necessary. In order that harmful accumulation of salts did
ot occur the bed was thoroughly leached with water at biweekly intervals.

. To prepare the nutrient solution the following quantities of salts were
dissolved in 50 gallons of water. ’

Magnesium sulphate ............... e ittt e, 8-7 oz.
Potassium phosphate (monobasic) ............coouiiiniiii.. 4-76 oz. .
Calcium chloride ........ovveiiiiiiiiiiiiiiiiii 9:7 oz.
Potassium nitrate ........ccoverirniiiiitienreiieinieinneennn. 10-5 oz.
Ammonium nitrate ... 23-75 oz.

Iron was supplied by adding a few drops of a 1 per cent solution of ferric
chloride to a gallon of this solution before application.

Further studies were conducted employing commercial fertilizers in the
formula as sources of nitrogen, phosphorus and potassium. The following formula
Proved very satisfactory:

Ammenium sulphate .........cii il i e 355 oz
Muriate of potash ......c..viiiiiiiii it i e e 9-6 oz
Superphosphate 20 per cent .........ovvivriiiiiiiriiia 8-9 oz,
Magnesium sulphate .........oiiiiiiiiiiiiii it 6-9 oz.
Boric 8Cid ... .vut it e e 6-25 gm.
Manganese sulphate .........coiiiiiiiiiiiii i 0-82 gm.
Ferric chloride .....oviuiiiiinii i e e e 18-0 gm.
R 27 40-0 gal.

Instead of applying this solution once a week and watering in addition
When necessary, very successful results were obtained by using the above formula
. 8t one-gixth strength whenever the bed required watering.

Studies were also conducted by applying the plant nutrients in solid form
o0 similar sand beds. Since a time lag might be expected before these fertilizers
Would be available, an application of fertilizer was made some ten days to two
Weeks: before the plants were set in the bed. During this period the sand was

€t moist but not watered to such an extent that leaching occurred.
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Very good results were secured with the following fertilizer mixture applied
weekly at the rate of one-half ounce per square yard:

Ammonium sulphate ........ ... it 10 Ib. 6 oz.
Muriate of potash .....oo ittt 2 ib. 14 oz.
Superphosphate 20 percent ........cciiiiiiiiiiiiiii.. 2 1b. 11 oz.
Magnesium sulphate .........c it 2 1b.
Borie acid ... e e e 8 gm.
Manganese sulphate ......cooverrviiiiiiniiiiiiiiires 1 gm.
Ferrous sulphate .........ccoviiiiiiiiiiiiiiiiiiiinnn 25 gm.

The carnation was also grown in beds of river sand, the surface being
watered with a nutrient solution. In order to make the application of nutrient
solution less laborious, use was made of a “hozon” attachment. This consists
of a suctioning device which is attached to the water line and to which the hose
is connected. The hozon has a tube which is allowed to dip into a container
of concentrated nutrient solution. When the water is' turned on a suection is
created which draws up the nutrient solution and mixes it with water from the
water line. If the water pressure is about thirty pounds the nutrient solution as
applied is diluted fifteen times. -

Formula for use with hozon attachment in growing carnations in sand—
amounts required to make up four gallons of solution: <

Ammonium sulphate .......... ..ol 109-0 gm.
Nitrate of soda ....covvveiiiiiininn., e e 136-0 “
Muriate of potash .......o.oiiiiiiiiiiiiii i, 70-0 “
Superphosphate 20 per cent ........cooiiiiiiiiiiiiiein..., 170-0 “
Magnesium sulphate ...........cooiiiiiiiiiiiiiiii., 67-0 «“
Calcium sulphate ....o.overnriiiiiinriiiiniiiiiinnes 93-9 «
Manganese sulphate ............ccoiiiiiveiiiiioiiiiai. 0-2 “
Boric acid ........ 0. iiiiiiinn.. e e e 1-25 ¢
Ferrous sulphate .....oovviiiiiiiiiiiiii i 14-0 “

While very satisfactory results were secured with the sand culture methods
deseribed, sub-irrigation, aggregate (gravel, haydite, cinders, ete.) culture pre-
sented a great saving in labour. This system consists of a waterproof bed,
preferably constructed of concrete, filled with gravel or haydite and a sub-
irrigation method of mechanically delivering the nutrient solution. At a
centrally located point, definitely lower than the bed, a waterproof tank is
constructed to hold the nutrient solution. Alongside the tank is located an
electrically driven centrifugal pump. A single run of pipe goes to each bed to be
supplied from the tank and discharges at each bed under an inverted trough
which rests on the bottom of the bed and extends its entire length.

i A formula which has been employed successfully for this purpose is as
follows:

Amounts of ingredients to make up 186 gallons:
Ammonium sulphate .......iviiiiiiiiii i
Sodium nitrate ................. ..
Muriate of potash ..........
Superphosphate 20 per cent .
Magnesium sulphate ............
Calcium sulphate

...............................................

In addition, manganous sulphate was added to this solution when made up
-and at monthly intervals. One ounce of manganous sulphate was dissolved in
one gallon of water, acidified with five drops of commercial sulphuric acid.
Eight hundred and forty-five c.c. of this solution was added to the 186 gallond
of nutrient solution. Iron was also added weekly in the form of ferrous sulphate
at the rate of 21 grams to 186 gallons of solution.

A congiderable variety of vegetables were also grown out-of-doors by the '

sand culture method. Some of the yields produced on an area of 42 square
feet used for each crop were as follows: radish, 24 bunches of 12 to & bunch;
cabbage, 72 pounds or 35 good marketable heads; potatoes, 28 pounds; tomatoes,
109 pounds or 4% pounds per plant. The quality of all produce was excellent-
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" Although this study demonstrated the possibility of growing vegetables out-
- of-doors by soilless culture, it is not considered practical for commercial
production where ordinary soil conditions exist. Soilless culture no doubt has
a place in areas without normal transportation facilities where soil conditions
are not suitable. :
It was under such conditions that an extensive project was conducted for
the Department of National Defence at Goose Bay, Labrador, during the last war.



ORNAMENTAL SECTION

Changes to Grounds
R. W. Oliver

During the past fifteen years the increasing scope of activities and expansion
of the staff have led to many changes in arrangement of the buildings which in
turn have necessitated changes in the layout of roads and ornamental plantings.
The demolition of the three houses formerly occupied by Drs. Grisdale, Macoun
and Shutt, tegether with the old administration building, did away with familiar
landmarks and private areas. This, with the erection of the William Saunders
building, has permitted the gradual creation of an open central campus
surrounded by buildings. Plantings are being arranged in groups to set off
buildings, an arrangement which will replace the former arboretum type of
specimen planting. This transition will take a few more years to accomplish:

£

<AL
i ak
A

L ke

Fig. 13-—=William Saunders Building erected in 1936.

At the suggestion of those interested in the work of Dr. W. T. Macoun,
who had been Dominion  Horticulturist from 1910 until his death in 1933, a
garden was built in his memory during the summers of 1935 and 1936. This garden
is formal in nature and planted with many hybrid shrubs and flowers originated
at Ottawa under his supervision. A memorial sundial purchaséd with funds
contributed by various horticultural organizations was placed at the east end
of the garden, The garden has become an interest spot on sight-seeing trips
around the capital.

During the summers of 1935-6-7 the old rose gardens were replanned and
changed to provide a more open though still formal arrangement of beds so that

124
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the different classes and varieties could be displayed to better advantage. Hybrid
Perpetuals and the older dwarf Polyanthas are now confined to one garden;
" Hybrid Teas and the newer Hybrid Polyanthas to another. A third separate
garden has been built to accommodate the collection of old fashioned varieties
and hardy species. This brings together the old Damask, Gallica, Moss and
Cabbage roses with species and new hybrid bush roses all infrequently found in
gardens to-day. An interesting feature leading from this garden is a walk run-
ning along the east side of the flower test plots flanked on either side by a row
of Rosybloom crabapples planted in 1940. These trees have now reached sufficient
size to create a good show each May and display all the worthwhile varieties of
Ottawa origin.

In 1947, a start was made in rebuilding the rock garden along lines more
suitable for both the display and culture of alpine plants. This work will not
be completed until 1950. Already many plants, new to these gardens, have been
included, supplying interesting information which will be reported later.

Since the extension of the Federal District Commission Driveway through
the Experimental Farm, the grounds have taken on more than ever the place of
a public park in the capital. This calls for a higher standard of maintenance
as well as a different type of treatment than was used formerly. In all these
new plantings and in the gradual replacement of old material which has passed
itz prime, the policy of introducing worthwhile material new to. these grounds,
as well as that which has proved of value in past years is being followed.
These materials are now being used in such a way as to educate the public to their
proper landscape value rather than on their value as individual specimens.

Trees and Shrubs

_ This work has been carried on in various projects and may be reported on
briefly under four heads: ‘ ‘

Forest belt

Variety testing as specimens
Winter hardiness
Propagation

Forest Belt

The forest belt was planted from 1887 to 1895. It consists of a strip sixty-
five feet wide along the northern and western boundaries of the criginal tract of
land, Approximately 23,300 trees were planted, made up of eighty-one species
of native and exotic trees. Along the north boundary were blocks of mixed trees
composed of six to ten different species to determine the best method of planting
Woodlots; along the west, blocks of single species for timber production. Spring
Versus fall planting, different spacing and different methods of pruning at the
time of planting were tried. ' : '

Growth measurements and many observations were published in annual
Teports from 1891 to 1211. Interpretation of these data and of later observa-
tions furnish factual proof of what has been surmised on the effects of methods

- 8nd time of .planting, spacing and pruning on growth and length of life.

After fifty years, growth had become so irregular that no further accurate

Information could be gained by growth measurements. As all work of this nature

'Y now carried on in Eastern Canada by the Department of Mines and Resources,
- 'Ne work here has been discontinued but as & summary of results has never been
Published it is given here as a matter of public record. o

(1) There was higher mortality rate in fall-planted than in spring-planted
trees due to sun scald and dying back of tips of fall-planted trees. This later
88 8 marked effect on the growth of the tree and frequently resulted in the start
©% decay which shortens the tree’s life and renders it useless for lumber.
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(2) Trees planted 5’ x 5" apart grew more rapidly in height at first, shaded
the ground well and so kept down weed growth, lost their side branches earlier,
and therefore would produce better quality lumber and, finally, were less dam-
aged by storms. ‘

(3) Trees planted 10" x 10’ apart grew more slowly in height at the start
but eventually reached greater height and girth measurements, and in most
species lived longer.

(4) Thin foliaged trees such as walnut, butternut, ash and elm do not shade
the ground quickly. For this reason growth of the trees is checked by weeds.
This also applies to narrow tree belts when trees become tall.

(5) After ten years it was noted that many of the mixed blocks were not
satisfactory either because the wrong trees had been planted together or they
were planted on unsuitable soils. Spruce grew pcorly on high gravelly so:l
where pines grew successfully. Where boxelder, Norway maple and other densely
foliaged trees were planted together they grew rapidly and created such dense
shade as to smother slower growing deciduous trees and even many of the ever-
greens. Norway spruce, white pine and arborvitae stood shade better than any
sthers.

(6) Three blocks were pruned in different ways before planting: (a) no
pruning; (b) trees headed at six feet; (c¢) laterals removed leaving a straight
whip. Early records do not mention the effects of pruning, but in 1938 there were
most living trees in the first block and fewest in the second. Most of the living
trees in blocks (b) and (¢) had decayed crotches.

(7) For combined shelterbelt and woodlot purposes a block of mixed coni-
fers and deciduous trees is best. White pines and Norway spruce planted alter-
nately 10’ x 10" apart will make good timber. When young they shade the ground
rapidly and form a good windbreak. These should be interplanted with birch,
elm and ash. The first two grow up rapidly and in twenty years provide a good
supply of fuel. Ash is also good for fuel and supplies tough lumber for repair-
ing farm equipment.

Fig. 14—Macoun Memorial Garden in June.



127

"apew a19m A[{eUI31I0 8JUSWAINSEIU YIIYM WO §391] 0} A[U0 19]31 SYILWAI aIYJ, ,

2861

0161

Bumoad (mg|  00-01 0-08 ¥4 i3 01 X ot 6881
‘peap 1noqe fy|  06-¢ 01¥% 18- 678 gXg 6881
‘Bumord (IS i 18-8 0-05 05§ g-6¢ o1 X 01 6881
"Ze81 Aq pesp IV [ 01-L3 12-¢ 892 g Xg 6831
0L-6 8-2¢ 96 3¢ 01 X 01 6881
Ppjopu iR V| ¥6-9 9-29 18-¢ 108 gXg 6881
Bumodd g, 0%-01 €08 ¥S-L 8-0¢ o1 X 01 6881
“Haimoid [NS| 897 96 186 0-2¢ gX¢ 6881
'peap Inoqe [y 00-9 1-18 £e¥ 62 o1 X 01 6881
*doy 9B aAlE (IS §| 639 SO %62 01-2¢ §X¢ 6881
*2261 POIp U0 Inq IV| 23§ 1-8¢ 80 01-63 o1 X 01 6881
*LZ61 0o parp [[esdoyi  19-G 814 80 918 eXg 6881
*AZ61 300 PAtp B sdoT)  1g-G 183 ee-¥ £-92 01 X 01 6881
‘peep jnoqe [{y| 089 £-Tp 18-¢ 2-£8 ¢ Xg 6881
_ SIBLINO M [y .83-¢ 358 £33 08 ¢Xg¢ 8881
‘Fuismoad s swiog|  GL-¢ 0-£¢ 96°'¢ 953 01 X 01 8881
‘8161 £q peep IV 09-¥ €-12 62-¢ €-82 ¢ Xg 8881
68 S 12-G 188 or X o1 2681
‘peep JnogB [Iy|  63-¢ 9-8% 113 50 ¢ X¢ 2681
“BUs0Id [[11G 00-L 11-5% 00-§ 6-2¢ o1 X o1 23] S R
‘pepue moqy| €IS 1-0¥% w'e 6-62 $X¢g b4 ] S AR vom) ompg
paddos Imorn gL-8 6-6% gi-9 (1] 17 or X 01 8881 vuftdod tppg
‘peddols qrmoin|  ¢g-9 908 v 9-8¢ §Xg $881 vuafuhdod oppg
‘9uO 9nq PBIP HY|  09-F -6 le-¢ 0-£8 gXe 8881 WRULDYIOD® LDy
................................................ of X o So81 wn0e 130Y
*9U0 90q PEIP V|  8E € 93¢ * 44 01-¢3 gX¢ 8881 WRLDYIOD8 JDY
"6%61 39918 Y3moBON| 069 11-6¥ 8¢ 6-6€ 01 X 01 8881 *** ompiwp 21D
‘9z61 109J8 [ymM01B ON{ 009 6-¢F g8 b 98 ¢eXe 8881 ** - onpop BT
o pagr dog 1% -1 215 g-11 01 X 0% 8881 ; 0249u10 Suvin
........................ mH.N TH,H mxm wwwﬂ ‘.....‘.........SLS.SW%\
‘aAt(® 931} U0 LU} 93-S 8-7% 61-€ 0-11 01 X 01 8881 V40s4 uD)ON
*aAy]e 891} 9u0 ATUQ e1-¢ 6-81 88-% g-51 gXg 888( 04D suvpOR L
© 'pwep Apsol! -8 e-1F 28-8 163 01 X 01 s S R oulj o008
-puo 119y 3% gnoqy|  €7.L 4 o7 e X e L O PR perey aul y2100g
ut ui pue 3J “ut “ut pue ‘3
welq 9H AV werq IH AV .
»EE61 ‘SyIeUIay owelsyq | paruelg sapvady

ITHY F9YL LSTYOL TVINANIYIdXE NI SEFYL 0 SINIWIIASYIN HIMOYD—9% FI9gVL



128

In 1910 and again in 1933 measurements were made of species suitable for
timber. The trees were then approximately twenty and forty-three years of age.
Measurements had been made throughout on certain definite trees. The column
headed “Remarks” in Table 26 on growth data indicates that most of these
trees had died or were damaged at the top. P

Variety Testing as Specimens

Approximately six hundred varieties and species of ornamental woody
plants exclusive of rose and lilac varieties have been grown successfully in the
ornamental grounds. Notes on the most satisfactory of these will be found in
“Deciduous Trees and Conifers Mcre Commonly Used for Ornamental. Pur-
poses” by R. W. Oliver. Farmers’ Bull. 49, reprinted 1945, and “Ornamental
Shrubs and Woody Climbers for Canadian Gardens” by R. W. Oliver. Farmers’
Bull. 100, reprinted 1948. Attention should be called here to the few following
gbilervations of interest which have been made since the publication of these

ulletins.

Acer rubrum L.—Red swamp maple. This tree should be much more widely
used than in the past. It is more rapid in grewth than the sugar maple and
more adaptable to heavy low soils, though at Ottawa it grows excellently on
light’ sand. The fall colour is early and a most showy bright crimson.

Acer platanoides L—The Norway maple is on its northern limit at Ottawa
where it is subject to frost cracking. This in combination with the habit of
forming bad crotches which split in storms makes the trees very susceptible to
wood rotting fungi. At fifty-five years of age there is scarcely a sound specimen
left.

Curagana microphylle Lam. var. Tidy.—A fine foliaged bud sport of the
species which has proved interesting. The landscape value is much the same as
C. Lorbergii but the shrub does not grow as tall and can therefore be used in
different situstions where a rather misty appearing foliage mass is desired.

Daphne Burkwoodii - Burk.—A hybrid between D. caucasica and D.
Cneorum, which makes a compact bush two feet in height with atfractive foliage
and a profusion of bluish-white fragrant flowers early in spring. So far since
1945 it has proved perfectly hardy. o

Genista pilosa L.—A prostrate form of Dyer's greenwood which has made '
an attractive rock garden shrub. It carries short racemes of yellow flowers during
June and July but the small shiny bright foliage is attractive all through the
season.

Juniperus squamata Meyert Rehd.—A juniper unlike others in foliage tex-
ture. It forms a compact vase-shaped shrub to a height of three feet. The
narrow fine needles are packed in close tufts cn fine branches giving it a densé
form in contrast to other junipers. The glaucous underside of the needles also
gives a contrasting silvery blue colour. ,

Juniperus virgindana Burki Hort.—A juniper which has proved hardier
than most forms of J. virginiana. It is ‘an attractive columnar evergreen wit
steel blue foliage turning dull purple in autumn.

Lonicera tatarica L. var. Carleton—A chance seedling from L. tatarica var-
speciosa which was grown under the latter name in the ornamentals nursery at the
Central Experimental Farm and resembles its parent closely. The individusl
flowers ‘are larger, & deep bright pink in colour, with a red-band along the
centre of each petal. Cuttings have been distributed to interested nurseryme?
and others and the resulting plants have won much approval. It makes &P
erect shrub with neat dark green foliage.

Lonicera Periclymenum serotina Ait. var. Flame—Another good seedling
developed in the ornamentals nursery. It is a climbing honeysuckle much like th®



129

species but the flowers are larger and deeper red-orange. So far it has proved
‘Perfectly hardy at Ottawa.

Maackia amurensis Rupr.—A small tree of the Leguminosae family which
grows to a height of fifteen to eighteen feet. It has rather sparse pinnately com-
pound foliage and erect panicles of white pea-shaped flowers. While 1t should
not be recommended for general use, it makes an unuspal addition to the list of
small trees hardy in this climate.

Sorbaria Aitchisonii Hemsl.—More refined though slightly less hardy than
8. sorbifolia. The stems are longer and more gracefully arching, the inflorescence
more open and cleaner looking. The bright green foliage contrasts with the
reddish-brown stems. Like 8. sorbifolia it must be cut almost to the ground each
Spring and for that reason it can be used in any shady corner where it may be
damaged by ice in winter.

Spiraea chamaedryfolia L.—A shrub which makes a very attractive low
mound about three feet in height and eight in diameter. It is not the sort for
the average small place but is very interesting at the front of a large shrub

order,

_ Thuja occidentalis Rheingold Hort.—A very compact dwarf globular variety
which has gold to copper coloured juvenile foliage. Unfortunately it suffers from
Sun scalding in winter and needs to be protected with burlap. It is particularly
usefu] as an interest plant in the rock garden.

Tilia cordata Mill—Small-leaved linden. Though this tree is discussed in

the aforementioned Bulletin 49, mention should be made of it again as time has
shown it to be one of the very best hardy shade trees for this climate.

Winter Hardiness ,
The winter of 1933-4 was of course a test case. Many trees and shrubs
Previously considered hardy were badly damaged, while borderline material was
illed entirely or damaged so severely that it had to be cut almost to ground
level, The following is a list of such trees and shrubs:

Acer Pseudoplatanus * Synz:ga Henryi

Cercidiphyllum japonicum Meyeri
Chaenomeles japonica - “  pekinensis
Deutzia scabra “  pubescens
‘Forsythia intermedia “  reflexa
Frazinus excelstor “  Bweginzowit
Liriodendron Tulipifera “  tomentella
Philadelphus in vanety “  Wolf .
Syringa chinensis “  yunnlnensis

All evergreens except Picea pungens, its varieties, and Picea glauca, were
badly burned, They remained thin in appearance for the next two years then
Eradually regained normality. The following few never recovered sufficiently

make gatisfactory specimens: : ot

Abies concolor - Jumiperus communis suecica

Abies lastocarpa virginiana

Chamaecypars pisifera plumosa “ « Schottii
CE “ N aurea Th?(tja occide;‘ntalis cristata

Juniperus communis hibernica plicata

19 . This same burning of evergreens occurred in 1948 and to a less extent in
o 39~4f1 and in 1947. It is apparently caused by a drying out of the foliage by
*old winds or bright sunshine at & time when the roots are unable to supply the
ffceSSary moisture. Trees exposed to wind or which enter the winter suffering
osm drought show it on all sides. These in moist or sheltered sites show it only-
th the south and west. It is more pronounced just above the snow line due to
& reflection of sunshine. : : ’
486659
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This added light intensity just above the snow line has a drying and
damaging effect also on the fine twigs of shrubs like Spiraea, Philadelphus and
even Lonicera. Sometimes it shows up in years such as 1944 and 1948 as dead
streaks along hedges and shrub borders about eighteen inches in width just
above the snow line when there was no apparent damage to the top of the shrub.

The only work of an experimental nature on winter hardiness was done with
roses. Measured samples®of wood were taken from varieties of different types,
placed in sealed test tubes and put in overnight storage at —20°F. A measured
amount of distilled water was then added to each sample to permit exosmosis of
the electrolytes freed from the sample by freezing damage to the cell tissues.
The following day the electrical resistance of each was tested with a Wheatstone
bridge. The following is the order of hardiness of the varieties tested; the higher
the figure the more hardy the variety:

Rosa rubrifolia 596 Frau Karl Druschki 115
“ F.J. Grootendorst 519 Carillon 99
“  Edith Cavell 189 QGruss an Teplitz 96
“  Doubloons 140 Joanna Hill 89

These figures do not represent any calibrated measurement; they are simply
the average electrical resistance measurements of cold-treated samples and are
indicative of the relative hardiness of the varieties at —20°F. which corresponds
very closely with the field performance.” This method could probably be used
to determine the relative hardiness of any variety of woody ornamental material.

Propagation

‘ Considerable experimental work has been done in the propagation of woody

material by seed and by cuttings. The results in general have been published
in the two previously mentioned Bulletins, 49 and 100. The results of some
experiments were published in more detail in “Some Uses of Plant Hormones”
by R. W. Oliver and N. H. Grace. Circ. 148. 1940. Separates of the articles,
“Preliminary Tests with Plant Hormones in the Rooting of Greenwood Cuttings”
by R. W. Oliver. Sci. Agr. 18: 379-387. March, 1938 and “Honey as a Stimulant
to the Rooting of Cuttings” by R. W. Oliver. Sci. Agr. 9: 586-588. May, 1939,
were printed and distributed.

Space here does not permit the publication of further work in any detail
but a summary of results shows interesting facts which confirm established °

ractice. . '
P Napthaleneacetic acid at its optimum concentration has consistently pro-
duced the greatest rooting response but has a narrower range than indoleacetic
or indolebutyric acid and therefore must be used more carefully.

The use of growth substances in combination with a fifteen per cent solution
of levulose proved beneficial, which explains the advantage of using honey.

Growth substances have not proved to be so great an aid to propagation at
was first anticipated. They speed the rooting of plants which root normally and
readily, but effect little change in the rate of the rooting of those species which
are difficult to root.

Cuttings 'of conifers taken in December at Ottawsa root more satisfactorily
than those taken in November or January. Lengthening the day by artificial
light or adding either a nutrient solution of vitamin B; increases slightly the
number of cuttings rooted but increases considerably the length of roots in a given
period. From a practical standpoint of propagation, however, the increase 1°
not sufficient to pay for the extra treatment. Spruce responds negatively b0
treatment’ with hormones. . ’

In all work on propagation by cuttings, the balance between moisture and
air supply in the medium and a humid atmosphere surrounding the top of the.
cutting seem to be the most important factors. Sand, loam, peat, peat and sant
crushed sandstone and vermiculite have all been tried and have given satisfactory
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results. It has been found, however, that proper moisture-air balance could be
maintained more easily in sharp sand or in coarse vermiculite with constant level
sub-irrigation than in any other medium so that either of these is recommended.

Dormant cutttings taken in December, buried in moistened peat and sand
and stored at 34° to 40°E.; have produced consistently better results than those
treated differently. For Hydrangea paniculata gf. and some Viburnums it has
been found advisable to store-at'55° to 60°F: until February 1 and then to plant
in a closed frame in the greenhouse. This may prove useful with other difficult
subjects.

Hedges

Since 1889, approximately one hundred and seventy-five different woody
plants have been tested as hedge material. The results of this work appeared in
“Hedges and Their Uses” by W. T. Macoun. Bull. 142 N.S. 1931. Since that
time only a few plants have been added and of these the only one recommended
is Ulmus pumila, Chinese elm, which has proved outstanding as a quick growing
deciduous hedge which stands clipping well and can be grown to almost any
desired height. Prinsepia sinensis which is highly recommended in the West has
not been satisfactory at Ottawa.

Fig. 15—Hedge collection at Central Experimental Farm.

_The following observations on culture made during the past years are here-
Wwith published for the guidance of prospective planters. ‘

Selection of Hedge Material fur

Selection of material will ‘depend on several factors, largely determined b,
Personal desires;, but governed by an appreciation of fitness. One may desire a
eciduous or an evergreen hedge. That is largely a matter of choice, unless an
all-year-round screen is needed. The height, colour, and texture of a hedge should
governed by the size of the property and the type of garden it is to surround.
A large garden needs a taller hedge ‘and one more coarse ’in texture than a
Small garden. A tall or medium hedge should be of mid ‘or"dark green colour,
SInee its purpose is to provide a background. Under average conditions a golden,

48665—93
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red, or grey foliaged hedge is so conspicuous that it kills the appearance of any
plant in the foreground. Low hedges, which are used only to give emphasis to
the design of the garden may be of brighter shades, particularly in conjunction
with formal work. ,

The texture of a hedge is largely a matter of coarse or fine foliage and the
degree of shininess. Large shiny leaves are seen in more detail than small dull
ones, and consequently, seem to be nearer at hand. This tends to reduce the
apparent size of the area surrounded by such a hedge, whereas a hedge of fine
texture and dull colour tends to increase the size.

Type of soil, degree of sunshine, amount of moisture and freedom from dis-
ease, should influence the choice also. White pine will make an excellent hedge
on sandy soil but is useless on heavy clay. Lilacs are spindly and covered with
mildew in shade, while the wayfaring tree under similar conditions may be quite
dense. Caragana would be sickly and yellow in a moist situation, where laurel
willow would be excellent. Though hawthorn makes one of the best hedges, it
is so subject to attack from all insects affecting apple trees that it should only
be used where facilities for spraying exist.

Directions for Planting

The site for a new hedge should always be carefully prepared by digging out
a trench about 18 in. deep and considerably wider than the spread of the roots
of the young plants to be used. A liberal dressing of thoroughly rotted manure
should be dug into the bottom of this trench and covered with & few inches of
finely pulverized rich loam soil. As each plant is set in place with the roots
spread out naturally, more of the-fine soil should be placed around the roots and
firmly tramped down ‘before being watered liberally.

The plants should be set in a single row rather than in a double row planted
alternately (staggered), as has been frequently recommended. The double row
uses more plants, more space, is harder to trim to a goeod shape, and frequently
leaves an uneven end at a gate or path where it is most easily noticed.

The distance apart will vary with the kind of plant used and the height to
which one wishes the hedge to grow. For average purposes 18 in. apart has proved
most_satisfactory for hedges four feet or more in height. - But for low hedges,
or where erect growing plants are used, they should be placed closer together.
* Truehedge columnberry, for instance, should be planted 6 to 9 in. apart.

Proper Time to Plant

Deciduous hedges should be planted in the spring before the leaf buds begin
to burst, but they.may be planted in the fall as the leaves are falling off.
Evergreens should be planted in early September or in May, though the native
cedar may be moved almost any time except midsummer if it is well wateted.

Size of Plants

Generally speaking, fairly small plants should be used. Deciduous plants
which are two years old from seed and which have been cut back at the end
of the first year to make them bush out, are excellent. Four year old evergreens
which have not been cut back, or just lightly trimmed, are about the right size.
Larger plants may be used if they are bushy to the ground, but tall spindly
plants should never be used unless one is prepared to'cut them almost to
ground level.

Trimming

At the time of planting, deciduous hedges should be cut back to & point two
or three inches above the base of last year's growth. This should be repeated the
following season, and is the only way to develop.a thick bushy hedge. ' In the
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case of conifers, only the tips of branches should be cut back since they do not
readily put out new foliage from old wood. Consequently they will not stand
severe cutting back.

An established hedge should be trimmed each year to keep it in neat shape
and within bounds. If it is allowed to grow until it reaches the desired height
before trimming, it will develop a bushy top but thin sides. Hedges must be
built from the ground up, not from the top down.

Old deciduous hedges may be cut back severely in the spring and will revive
in a few years. Evergreen hedges which have grown out of bounds should be
‘removed and replaced by young plants.

Time to Trim . *

The exact time to trim will vary with the locality and season. The most
economical method is to trim when the hedge has almost finished its annual
period of active new growth. At Ottawa this means the end of June or early in
July for deciduous hedges, and at the end of August for evergreens, If possible,
hedges should be trimmed during a period of dull weather to decrease the amount
of “tip burning.”

Most of the popular hedges require a second trimming the first week in
September though many hedges trimmed in July rarely grow enough afterwards
to require a second trimming and so they are ragged for only two or three weeks
in June. If hedges are trimmed in late fall or in spring, the uneven rate of
growth keeps them ragged all summer unless they are trimmed a second time.

Proper Shape

The shape to which the hedge is trimmed has a cultural as well as an
. aesthetic value. The hedge should be.trimmed with the sides sloping so that it is
wider at the bottom than at the top. This enables more light to reach the lower
foliage and so keep it healthy. The hedge should be pointed or rounded on top to
assist in shedding snow and ice in winter.

Fig. 16—Forms of hedges.

Good Forms, Hedges which are broadest at bottom retain lower foliage. Snow does
not damage rounded tops.

Bad Forms. Hedges which are narrower toward the bottom lose their lower foliage
because of reduced light. Flat topped hedges are broken by ice and snow.
Fertilizing

Because thick vigorous growth is desired, it is advisable to fertilize & hedge
every second or third year by spreading a liberal top-dressing of well-rotted



134

manure over the ground in the fall and working it shallowly into the surface the
following spring. Deep digging  destroys roots. If good manure cannot be
obtained, a complete chemical fertilizer such as 9-5-7 may be used at the rate
of from two to four pounds to twenty-five feet of hedge. The chemical fertilizer
should be applied in conjunction with leaf mould or pulverized peat.

¢ HES

Rows of Flowering Shrubs

Hedges w'h'ich- are-trimmed as described will not flower to any extent.
Where a flowering hedge is desired, plants should be placed two to three feet
apart and should be pruned immediately after blooming by completely cutting
out some of the oldest branches as close to the ground as possible. Spiraea
Vanhouttei, Tartarian Honeysuckle and- Mock Orange are among the best
shrubs for this purpose.

Table 27 summarizes information on the most highly recommended materials
for hedges in Eastern Canada.

Roses

The results of the work with these plants are all covered in “Outdoor Roses
in Canada” by R. W. Oliver, Farmers’ Bull. 133. 1946. Since the publication of
this bulletin, however, many new varieties have been grown in the Ottawa
gardens and of these the following, which are adequately described in nursery
catalogues, have proved most valuable:

Hybrid Teas :
Crimson Glory Mrs. H. M. Eddie
Golden Harvest Peace
Heinrich Gaede Pink Princess
Lily Pons Rose of Freedom
Mandalay - Soeur Thérése

Mme Chiang-Kai-Shek
Hybrid Polyanthas

Goldilocks Mexico
Mrs. A. M. Finch Red Ripples

Annual and Perennial Flowers

A great number of different species and varieties of herbaceous flowering
pl?;relgs have been grown during the past fifteen years and their performance.
noted.

In addition to large mixed perennial borders established in 1936, variety
collections of a few of the well known sorts have been maintained. During the
period under discussion approximately four hundred varieties of garden iris,
fifty varieties of Siberian iris, two hundred peonies, eighty hemerocallis and
gixty phlox have been grown.

Summaries of all worthwhile information gathered were published in the
form of bulletins. These are “Annual Flowers for Canadian Gardens” by
Isabella Preston and R. W. Oliver, Farmers’ Bull, 143. 1947, and “Herbaceous
Perennials for Canadian Gardens” by Isabella Preston, Farmers’ Bull. 138, 1948.
These two bulletins contain lists of recommended inexpensive varieties suitable
for the average garden, rather than the expensive new varieties grown by
specialists for the show table. .

‘ Previous to 1936, several of the old varieties of “English border chrysan-
themums” had been tried at Ottawa and proved unsatisfactory. The develop-
ment of the Korean hybrids by Mr, Alex Cummings of Bristol, Connecticut, in
the early 1930’s, revived interest in garden chrysanthemums and opened up a
new field for hybridists. In the last fifteen years, hundreds of new varieties have

been brought out which has made it necessary to try out some two hundred
varieties to determine their value under local conditions.
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The practice has been to grow varieties for at least three years before con-
demning them and to retain beyond that time only those which showed good
promise of excellent rating. To prove consistently satisfactory over a period of
at least three years, a variety must be not only attractive in bloom and habit
of growth, but also hardy enough to survive the average Ottawa winter and early
enough to reach full bloom by September 7 so that it will make a good show
before frost. These conditions exclude many of the varieties popular in lists
published in American garden magazines, as well as a few seemingly very good
varieties which have been introduced recently but have not been tried here long

enough. The following list is comprised solely of those chrysanthemums meeting
the foregoing conditions:

Yellow .............. AlgOnQUIn ...t e e
PREEAL .. it e e
Mrs. Dunnington-Grubb
Pigmy Gold ......................
Yellow Cushion .............................
Yellow Jowa ........coooiiiiiiie i i,
Bronze .............. Bronze Cushion
Karl Borgstrum ......... ... .. ..ot
Karen Frederickson ..........................

Mrs. E. Sparre .vvoo oviniiiiiieia e
Sept. Bronze ...........cccoiiiiiiiiiiiia
Sheridan Bronze .......... ....... .o
White ............... Dropmore 41A . ... ... . . .
© Prushek 253 ... ... ...
Seminole ... ..l .m.
Sept. Cloud ................. € pl.
White Cushion ...... P d.l.
Purple ...oooiiinnn.. Matawin ...t s.m.
Purple Star ........... ... .l d.m.
Pink .........c..... Clara Curtiss . ......covvviiiiiiianeneeannen.. s.m.
Pink Cushion ......... U d.l.
) Rose GloW . .vviiiiiiit i p.l.
Buff ................. Thalia ......c.coiiiii i, e sl
Red ......... i Cheyenne 228 ...........ocoiviniiiennenn. .2 S
Red Cushion ...... . e d.m.
Note: s': single . Cot o tall
d : double m : medium
. P : pom~pon 1: low

Bulbous Plants

Large variety collections of gladiolus, narcissus and tulips have been kept
up in much the same manner as herbaceous perennials.

Gladiolus

The collection of gladioli is not large at present, containing only seventy-
three varieties, but all of very good quality and the majority of recent introduc-
tion. Formerly, a collection o% about three hundred varieties was maintained
but for several years during the war no attempt was made to keep up with the
very rapid production of new varieties so that two years ago it was decided to
make a fresh start retaining only a few of the old varieties that had stood the
test of time. '

An interesting bit of work in the germinating of gladiolus cormels carried
out in 1946 is worth describing because of its interest to commerical growers.

On March 7 fifty cormels of each of ten varieties were placed in separate
cheesecloth bags in a fruit sealer.. A forty per cent solution of anhydrous ethyl-
ene chlorohydrin at the rate of 2 c.c. to 150 grams of cormels was poured on a
. pad of cheesecloth and placed in the sealer before closing the top. As a check, a
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similar lot of cormels was placed in a second sealer with no chemical added. The
. sealers were stored at room temperature (70°F.) for four days, after which time
the tops were removed and the bags containing the cormels spread on a bench and
allowed to air for ten days before planting in flats and grown at a night tempera-
ture of 50-55°F. :

’ Table 28 shows results in the percentage of germination and average height -
of the plants on May 30. '

TABLE 28.—EFFECT OF ANHYDROUS ETHYLENE CHLOROHYDRIN ON
GERMINATION AND GROWTH OF GLADIOLUS CORMELS

Per Cent Germination | Average Height (in.)
Variety
) Treated ] Untreated | Treated | Untreated

ATCHIC SROW. ..vvieeeie it aae e 88 13-2 6 4
BnE0. ..ttt e e 94 80 9 9
© COrONAL e .. 82 79-7 8 7
Elizabeth the Queen . 66 93 . 4 2
Greta Garbo...................... .. 88 60 8 7
Joannie. .........o.oiiiiiiii i e 92 13.6 6 4
King William..........ooiiiieiiiieiivaieeaienn. 96 19 6 5
Lady Jane....... N 82 37 i 4
L 8 v S S 88 33-6 8 4
Red Charm.......ooooiiiii i 84 3-3 4 2

AVEIage. ..ot e 86 . 349 66 4.9

This treatment proved of outstanding value for the propagation of slow
‘germination varieties.

Tulip

The tulip collection contains approximately two hundred varieties and is the
most up-to-date of all the collections, as new varieties for test were received from
.I;I.olland each fall until 1939, and have been received since the cessation of hostil-
ities.

_ Prior to 1939 it was thought that stocks of tulips could not be maintained in
this district because of the short growing season in the spring. In order to main-
tain the collection during the war and preserve stocks of the new varieties, a con- -
siderable amount of experimental work was done to determine the optimum cul-
tural treatment. If good procedure is followed, satisfactory bulbs for garden use
¢an be produced here. In many varieties, however, the increase in average years
1s not sufficient to make commercial culture practical. The following outline of
gul"igzasl recommendations is based on the experimental work done here from 1939

0

‘One of the most important factors in the production of uniform results in
both bloom and bulb production is proper storage conditions between the time
When tylips are dug and when they are planted. Free circulation of air is neces-
Sary to dry bulbs rapidly and so avoid heating and the spread of fungus diseases
due to moist conditions. High temperature, 75-80°F., for six weeks is also

- Important t0 produce normal flower bud formation. In the case of bulbs to be
used for greenhouse foreing, this high temperature is followed by four to six weeks
at 40-45°F. Experiments are outlined which should give the needed information

~ On exact times and temperatures. ,

Digging just before the leaves are completely ripened off results in a paler

:;ﬂour but preserves the tunic so that bulbs are less damaged during grading and
orage,

| Planting before October 1 resulted in slightly increased bulb production over
ater planting, but made no apparent difference in flowers or foliage.

48665—10
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Fertilizer trials showed that so long as soil fertility is reasonably good, little
difference is made by the presence of extra amounts of one or another element.
Nitrogen some years and phosphorus others seemed to be the important element,
. while potash did not seem to have a positive effect. This has also been found at
other Experiment Stations. Yields were increased by spring applications of barn-
yard manure at twenty tons to the acre followed by eight hundred pounds of
superphosphate at the time of planting in September, but the increase was not
nearly sufficient to warrant the expense of application.

Table 29 gives the average bulb production of different varieties at Ottawa
over a period of four years, 1942 to 1945 inclusive. It is based on the returns per
one hundred bulbs of six and seven centimeter circumference planted; that is,
six and seven centimeters in circumference or approxiamtély 4 to § inches in
diameter. A circumference of twelve centimeters is equal to a diameter of one
and one-half inches. '

TABLE 20.—OTTAWA BULB HARVEST OF VARIED SIZES PER ONE HUNDRED
PLANTED BULBS °

Variety 12 em. and up | 10 to 11 ecm. 8 t0 9 cm. Under 8 cm.
Lueker....oveneen i e 15-4 41-2 44-2 324
Arethusa......o.covoe o 10-9 4.7 34-3 25-3
Inglescombe Yellow......................... 4.9 44-9 76 55-4

OKAY oo e veeieei i 6-5 41-2 44-8 30-8
Gianb..ooioiiii 18-6 32-2 41-9 85-1

The only figures from British Columbia comparable with the abave are
three-year averages for two varieties, Inglescombe Yellow 1941, 1942, 1943,
and Clara Butt 1942, 1943, 1944. Other varieties listed for the British Columbia
harvest are for the years 1944 and 1945. The bulbs planted were six and seven
centimeters in circumference. Results are given in Table 30.

TABLE 30.—BRITISH COLUMBIA BULB HARVEST OF VARIED SIZES PER ONE
HUNDRED PLANTED BULBS

Variety ~ |12cm.andup) 10to 11em. | 8to9cm. | Under 8 cm.
Inglescombe Yellow......................... 11:3 43-3 47.6 43 4 peas
raButt................. ... 2:3 47 44.3 548 - peas
William Pitt........................cooo..... 10-25 525 38-5 42 + peas
APEZON. oo 4 425 70-25 37 + peas

It seems hard to believe that the Ottawa figures show up so well beside
those frem British Columbia. Two points must be - considered: Inglescombe
Yellow is the only variety common to both and produced considerably more
top-sized bulbs in British Columbia, 11-3 against 4:9; Clara Butt and Bartigon
each produce small bulbs compared with varieties such as Giant and Lucifer. The
results, nivertheless, show that good bulbs can be produced at Ottawa if proper
care is taken,

-



ORNAMENTAL PLANT BREEDING

D, F. Cameron

During the years 1934 to 1948, the breeding and selection of ornamental
plants has been ‘an important project in -this Division, and several seedlings .
of Lilium, Iris, Rosa, Syringa and Malus have been named and distributed to
‘the public through commercial nursery firms.

This work, which was started in 1920 by Miss Isabella Preston under the
direction of the late Dr. W. T. Macoun, was continued by Miss Preston until
the time of her retirement in -1947. Because of the shortage of labour during
the recent war years, no crosses were made after 1943 until this work was
resumed in the summer of 1948 by D. F. Cameron.

As Miss Preston’s plant breeding was concerned mainly with the five
genera mentioned above, this report presents descriptive summaries of those
varieties which, to date, have been considered worthy of introduction. :

Awards

_Several varieties of Lilium, Iris, Syringa and Malus have received honours;
in London, England, from the Royal Horticultural Society (R.H.S.), and in’
the United States from the Massachusetts Horticultural Sociéty, Boston, Mass.
(M.H.S.). The details of these awards are given with fhe variety descriptions.

. Some of the seedlings which are described in this report have been men-
tioned in reports prior to 1934, and others have been described in various
- horticultural publications and periodicals.
 Colours given in capitals refer to Ridgway’s “Color Standards and Color

omenclature”, except where it is stated that the colours refer to the R.H.S.
colour chart. '

Lilium Hybrids

L. % davmottiae var. Lady Byng (1.22.05.01).—A selection from a group
of seedlings resulting from a cross made in 1920 between L. Davidi and L. Davidi
var., Willmottiae. Originally, this group of lilies was named and described
under “Ottawa Hybrids”, but the name was later changed te, the present form.-
-This variety was the first of the lilies raised at Ottawa to receive recognition
I England, the Award of Merit of the R.H.S. in 1931, The plant is vigorous and
very hardy, with rich orange-scarlet flowers spotted with deep purple. Flower
8egments are broad and reflexed. Leaves dark green, long and narrow. Height
4 to 5 feet. Blooms late in July.

- L. Davidi var. Oriole (1.29.18.02).—An open-fertilized seedling of L. Davidi,
very similar o that spectes except for the colour, which is orange-yellow with
¢hocolate spots. The pedicels have a drooping habit, and the plant reaches 3
feet or more. Blooms in July. Award of Merit, Chelsea Show, England, May |

25, 1937. Vote of Commendation, M.H.S. July 11, 1945. :

The “Stenographer” Group . [
" From a cross made in 1929 between L. Davidi var. Willmottiae and a
Seedling of L. dauricum, a new group of lilies has been developed. Seven seedlings
of this cross, now known-as the “Stenographer” lilies, were selected and named,;
and subsequently distributed widely to nurserymen and lily fanciers. "

_ They are all hardy, even in very cold districts and make strong vigorous
Plants, They are easily propagated from the bulblets that grow at the base of
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the stem, and from bulb scales. They are all stem-rooted and bloom from late
June through the early part of July. Descriptions of varieties are ag follows:

L. X Edna Kean (L.29.01.06).—A very handsome plant, having rich dark
red flowers which face outwards and have somewhat reflexed segments. The
foliage is dark green and stems are dark greenish brown. Propagates easily.
Height 3 to 4 feet. Award of Merit, M.H.S. July 11, 1945.

L. X Brenda Watts (1.29.01.17) —A tall vigorous plant Wit-h large heads
of brilliant orange-red flowers on strong stems. The flowers face outwards and
have the tips of the segments reflexed. This is the tallest of the seven, and under

ideal conditions grows to a height of 5 feet. Award of Merit, M.H.8. July 11,
1945. '

L. X Grace Marshall (1.29.01.23) . —Similar in colour to L. X Edna Kean,
between Grenadine Red and Scarlet, with brown spots which extend to within an
inch of the tips of the broader segments. The outside of the petals is brownish.
The foliage is dark glossy green, and the stems are speckled brown. This is the
last of the seven to bloom, and it'reaches a height of from 3 to 5 feet, bearing
‘up to 30 blooms on mature plants. Award of Merit, R.H.S. July 2, 1935. Vote
of Commendation, M.H.S. July 11, 1845..

L. X Muriel Condie (1.29.01.29) —Attractive orange flowers of opeﬁ habit
and with reflexed tips. The flowers are well spaced around the stem and face out-

wards. The leaves are long, narrow, hairy on the edges and crowded on the

stem. It grows to 4 or 5 fe.et.

L. X Phyllis Coz (1.29.01.33).—Brilliant light orange-red flowers, whose
" colour inside deepens towards the tips, the outside of the flower being a golden

orange. The whole flower has a waxy sheen and faces outwards. This variety
makes a very handsome plant and grows to a height of 3 or 4 feet. Award of
Merit, R.HS. July 19, 1945.

L. X Lillian Cummings (1.29.01.48) —Light orange-red flowers with small
dark brown spots. The perianth segments tend to be reflexed and-most of the
flowers are horizontal. This variety increases rapidly and does not take long
to make a good sized clump in the garden. It is the earliest to bloom, and
reaches a height of from 3 to 5 feet. ) '

L. X Lyla McCann (1.29.01.50) —Very attractive orange flowers of open
type with reflexed tips. The foliage is somewhat drooping and has a soft feeling,
differing from that of Grace Marshall and of Lillian Cummings, which is harsh
and stiff. This is the lowest growing variety of this group, seldom exceeding
3 feet in height. Award of Merit, R.H.S. May 25, 1937.

The “Fighter-dircraft’’ Group

While the “Stenographer” lilies have met with extraordinary popularity
among lily fanciers and the general garden-minded public, their importance in
plant breeding may very well outweigh their ornamental value, which, at
present, is considerable. In addition to the named varieties of the “Stenographer”
group, three unnamed seedlings from the same cross have contributed their share
1n the development of new types of garden lilies, six of which were named after
British fighter aircraft.

From Edna Kean, open-pollinated, three fine varieties have been developed.
These are Spitfire, Hurricane and Mosquito.

L. X Spitfire (1.32.09.09) —Upright-facing, vase-shaped flowers of medium
size. The inner face of the expanded bloom is a little more orange than Flame
Scarlet (Ridgway), and between Orange 12 (R.H.S.) and Saturn Red 13/1

(R.HS8.), with a few dark spots. It grows to a height of 2 or 3 feet and blooms in
late June and early July.
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Fig. 17—L.x Corsair. Upward-facing flowers, well spaced on long pedicels.
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L. X Hurricane (1L.32.09.13).—Dark red medium-sized flowers which are
open vase-shaped and face upwards. In number they vary from 10 to 30. The
plant grows 3 to 4 feet tall and blooms in June and July. Award of Mer1t
M.H.S. July 11, 1945. Award of Merit, R.H.S. June 18, 1946.

L. X Mosquito (L.33.07.01).—Orange flowers showing a few very dark
spots. The flowers droop, have reflexed segments, and are well placed on strong ,
stems. It grows to 4 feet and blooms in July. k

L. X Typhoon (L.35.29.04) —An open-pollinated seedhng of the variety
Lyla McCann. The flowers are open vase-shaped and the inner face of the
expanded bloom may be described as a blending of Nopal Red and Scarlet,
lightening to Flame Scarlet from the tip about half way down the segments
with small elongated dark spots. The throat has a light mealy appearance.
Flowers face upwards in a rather close cluster at the top of the stem which
reaches 2 to 3 feet in height.: Increases very rapidly and blooms in June.

The two remaining varieties in this group are Corsair and Lysander.

L. X Corsair (L.35.27.01).—An open-pollinated seedling of 1.29.01.27,
one of the unnamed “Stenographer” group. Corsair has medium-sized vase-
shaped flowers which face upwards -and have slightly reflexed tips. The colour
is unusual, being yellow, more or less flushed with red. It grows to a height
of 2 or 3 feet and blooms in July.

L. X Lysander (L.33.06.03).—An open-pollinated seedling of 1..29.01.05,
another unnamed sister of the “Stenographer” lilies. The flowers are upmght
vase-shaped with slightly reflexed tips, and the colour of the inner face of the
segments is Saturn Red 13 (R.H.S.)—a little lighter than Grenadine Red (Ridg-
way), with a medium amount of small dark spots. There are upwards of 12 buds.
The pla,nt reaches a height of from 4 to 5 feet, and blooms in early- July.

The Yellow-Flowered Group °

One of the most important developments in the lily breeding work at Ottawa
was the variety Coronation, the forerunner of a new race of yellow-flowered
lilies. It was obtained from open-pollinated seed collected in 1932 from
L. 2% .01.07, a “Stenographer” sister-seedling, and flowered for the first time
in 1934,

L. X Coronation (L 32.10.01) —Clear bright yellow flowers, faintly spotted
with brown. The flowers, which may number up to 20, are nodding and have .
reflexed segments. It blooms in late June or early July and grows to 3 feet.
This variety increases very rapidly from bulblets or scales, and:is useful in a
garden because of its colour, but it is not so robust as any of the “Stenographer”’
group. Award of Merit, RHS. July 3, 1945. First Class Certificate, M.H.S.
July 11, 1945,

The second yellow lily to be developed and named at Ottawa was Soverezgn
This variety was selected from open-pollinated seedlings of L.35.20.05, an open-
pollinated seedling of Lyla McCann.

L. X Sovereign (L.38.18. 02) —Open bowl-shaped flowers with reflexed
tips. The colour is Saffron Yellow (R.H.S.) with a medium amount of dark
flecking. 'The height of this variety is between 2 and 3 feet and it blooms in
July. It increases rapidly from bulblets.

.From ‘1.29.01.07, in addition-to-Coronation, came I1..37.12. 01, which has
upright-facing lemon-yellow flowers . with many small .dots, but unfortunately
with weak stems. Because of its attractive colour and the upward-facing habit
of its flowers, this variety has been used to cross with other yellows, with good
results—the weak stem having been eliminated in the progeny.

By crossing Coronation with L.37.12.01, a fine upward-facing yellow was
dbtained. This seedling, L.42.06.01, as yet unnamed is ene of the finest lilies
produced here to date, and was used widely in the illy breeding work in the
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summer of 1948 in an effort to produce more yellow lilies of desirable flowering
habit, Stock of this variety is being increased for field testing and future
plant breeding.

An unnamed seedling, 1..35.26.01, crossed with Coronation produced
1..38.07.01, which has nicely-spaced flowers hanging down at an angle of
45 degrees. They are clear lemon-yellow with fine speckles and the segments
are reflexed. Very effective for mass plantings.

Several other yellow-flowered lilies have resulted from different crosses,
as well as from open-pollinated seed. From Coronation X Lyla MeCann came
1..38.01.01, a tall stately plant, much like Coronation, but with a lighter throat.
Open-fertilized seed from Coronation gave two good yellow seedlings, 1..39.58.03
and 1.39.58.06, both of which are being propagated for field tests and for use
in hreeding work.

In addition to appearing in the parentage of Typhoon and Sovereign, the
variety Lyla McCann shows up in the pedigrees of six very good yellow
varieties. When pollen of Lyla McCann was used on the variety Grace Marshall,
one of the seedlings had upward-facing, fairly large flowers, on plants about
2 feet tall. This seedling is still under the seedling number 1..39.08.01 and has
been sent out to selected growers for field testing.

Fig. 18—1.39.08.01. A fine upward-iaciuilight yellow selection from the cross

Grace Marshall X Lyla McCann.

From Lyla McCann, open-pollinated, came the seedling 1..37.10.01, a tall,
late-flowering, bright yellow variety whose flowers face out. This variety appears
more resistant to Botrytis blight than many others, and for this reason it has
been used recently in plant breeding.

Lyla McCann X Brenda Watts resulted in 1..38.08.02 and 1.38.08.06,
two very good yellows, the second of which bred to pollen of 1..37.12.01,
produced 1..43.02.01, an excellent variety with well-formed, light yellow
flowers which face out. This seedling was used in a number of crosses made
In 1948,
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The accompanying chart shows the genealogy of the descendants from the
original Willmottiae-dauricum cross. The progeny from seed of Brenda Waitts,
Muriel Condie and Lillian Cummings are not shown, as they were in most respects
so similar to other named varieties that they were not selected for propagation
and distribution.

As there are so many lily varieties of orange and reddish tones already in
commerce, the present lily-breeding program at the Central Experimental Farm
is being directed towards improvement in the form, size and disease resistance of
vellow-flowered types of lilies; in particular, those with upward-facing flowers.

|

Iris sibirica Hybrids
In 1920, reciprocal crosses were made between Iris sibirica var. maxima and
I. orientalis var. Snow Queen. From the 92 seedlings resulting from these
crosses, several varieties were selected and named. These varieties along with
" two open-fertilized seedlings of the second generation from the original cross,
were described in the Annual Report for 1928,

Other varieties, selected from the second and third generations, which have
been named and distributed, are described hereunder.

I. X Kenogami (1.24.19.115) .—A tall, late, dark variety. The standards sre
blackish violet, the falls bluish purple, velvety, with a white line around the
edge. The blade has a white blotch with purple lines. Haft cream, heavily
lined with grey. Blooms in the latter part of June. ’ .

I. X Matane (1.28.05.61).—A fine white-flowered variety. The standards
are white except at the base which is faintly. yellowish. The falls are round,
white, with the edges erimped or fluted in a most distinctive manner, The haft
is Wax Yellow. Blooms in the middle of June.

I. X Matapedia (1.28.05.05).—A tall well-branched plant with attractive
white flowers. Blooms a week later than other white-flowered varieties.

I. X Pickanock (1.24.16.412).—A tall dark early variety with large flowers.
Standards large, dark violet, notched at the top. Falls broad and round, Violet
Ultramarine with a distinet white blotch one-third the length of the blade, with
violet lines. The falls have a very velvety appearance when opening, Haft
Olive-Ocher, heavily lined and reticulated with Warm Sepia. Blooms during
the first two weeks in June. ., -~

I. X Rimouskt (1.24.17.588) —An early variety of medium height. Stand-

ards white, except at base which is faintly flushed yellow. Falls white, with

" distinet yellow line down centre and yellow triangular blotch. Haft rich yellow.

The flowers stand well above the foliage and the plant has a striking appearance.
Is very floriferous. and blooms during the first and second weeks of June.

I. X Skeena.(1.24.156.632) .—A richly coloured variety somewhat similar to
Kenogami but not so tall. In form it is like a large sibirica. Standards Blue
Violet with light speckles at the base. Falls Deep Blue-Violet with some incon-
spicuous white markings. Blooms the second and third weeks of June.

Rosa

The development of hardy roses through plant breeding has received
considerable attention at Ottawa since before 1900. The more recent phase of
the work since 1920' hag yielded a number of worthwhile new varieties, several
of which were described in the Reports of the Dominion Horticulturist for 1928,
1930 and 1931-33. In addition to those which have beem described, a small

number of other varieties have been named and distributed after being tested
for hardiness. These are:
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R. X Algonguin (R.28.13.02).—An open-pollinated seedling of R.20.29
(R. rubrifolia X R. rugosa). This variety makes a tall shrub reaching a height
of 10 feet and covering an area 8 feet across. Foliage dull yellow-green; leaf-
lets 7, large, leathery in texture. Flower: bud ¢ inch; calyx 14 inches, widening
towards the tip; expanded bloom 24 inches across, flat, 5 petals, deep pink (Rhoda-
mine Purple) at edges, shading to white at the centre, faintly fragrant. The
fruit is large and bottle-shaped, very ornamental, and the shrub is very hardy.
Blooms the second and third weeks of June.

R. X Caribou (R.34.02.08) —An open-pollinated seedling of R.30.08.03, Ross
Rose X (R. rugosa X R. Eglanteria). An attractive medium-sized shrub with
dark green rugose foliage which has the Sweetbrier fragrance, The single flat
flowers which are white, faintly tinted pink at first, are 3 inches across and are
borne profusely all along the arching branches. The fruit is scattered in small
clusters and gives the plant a fine appearance in early autumn. This variety
blooms for about two weeks during the latter part of June and is hardy without
protection at Ottawa.

R. X Chippewa (R.23.04.01) —(R. rubrifolia X climbing rose White Taus-
endschon). A tall-growing plant with purplish foliage. The flowers are small,
12 inches across, semi-double, Rose Pink with a white centre and moderately
fragrant. They are borne in clusters all along the stems which are strong and
sturdy, bending over a little at the top. This variety remains in bloom from
mid-June for about a month. The old wood is less hardy than the younger
growth and sometimes winter kills.

R X Conestoga (R.34.21.01).—An open-fertilized seedling of the hybrid -
blanda variety “Betty Bland”. Conestoga is a shrub rose reaching 7 feet or
more with small, soft, light green foliage; leaflets 7 to 11; bark bronze. Individual
flowers are small, 2 inches across, white and slightly fragrant, very double and
borne 6 in a cluster. Buds small, flushed pink. An attractive plant. Blooms the
last week of June through the first week of July.

R. X Erie (R.35.14.04) —An open-fertilized seedling of R.30.08.01, Ross
Rose X (R. rugosa X R. Eglanteria). A shrub rose with large clusters of large
single pale pink flowers. The foliage is fragrant. The fruit is bottle-shaped and
red, and its attractiveness is increased by the persistent calyx. This variety
spreads rapidly. ,

R. X Langford (R.30.19.09) —Parents—R. setigera X polyantha pompon
var, Aanchen Miiller. A climbing rose with clusters of double red flowers. Thi8
" variety is quite floriferous, blooming for a period of 4 to' 5 weeks. While ’_fihe
form of the flower'is poor, the plant appears to be hardier than many climbing
roses and may be useful where better varieties will not grow. Blooms from the
latter part of June. '

R. X Micmac—~—Pedigree unknown, probably the Fy of R. rubrosa. This
is a bush rose about 4 to 6 feet tall. The foliage is rugose in texture and deep
purplish red, much richer in colour than the foliage of any other rose at the
Central Experimental Farm. The single flowers, which are borne in cluster$
are white with faint pink streaks, and stand out against the attractive dark
foliage. It blooms in the middle of June. This plant is hardy, but some stem?
die out occasionally.

R. X Millicent (R.28.05.01) —Parents—R. rubrifolia X-R. Harisonit. A
ghrub of medium height, hardy at Ottawa but not very vigorous. Foliage Dar
Ivy Green with reddish brown veins. Flower: bud Flesh Pink, borne singly 92
pedicels 17-14” long; expanded bloom 2+ inchés across, flat, semi-single, 10-
petals; light Coral Red fading to Flesh Pink within, Napthalene Yello¥
without. The fruit is round, flattened at the ends, bright red in colour. Bloom#
early in June. ‘
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R. X Mohawk (R.26.18.04).—An open-pollinated seedling of R.20.01.29
(R. rugosa X R. rubrifolia). A small, shapely, rounded shrub with dull green
leathery leaves and single bright red flowers with white centres. The flowers are
2 inches across, from 1 to 3 in & cluster, and the plant is hardy. Blooms in mid
June. Seldom sets fruit, and rarely produces sucker growth. A good variety for’
the front of a shrub rose border.

R. X Nascapee (R.35.15.09).—An open-pollinated seedling of R.30.08.03,
Which was the seed parent of the variety “Caribou”. A very hardy vigorous
shrub, making a tall plant reaching a height of 7 feet with a spread of 5 to 6 feet.

his variety blooms more or less continuously from mid-June throughout the
Summer. The flowers are single, white, 1§ inches across, borne in clusters of 10
0. 15, The stems are light green and are less thorny than most shrub roses. The
leaves have 5 or 7 leaflets, are fragrant, and remain attractive until the first
ard frosts. The fruit is bright red. In late summer this variety has buds, open
loom and both green and red fruit at the same time.

R. X Ojibway (R.35.14.28).—An open-pollinated seedling of the same
Parentage as “Erie”, Ross rose X (B. rugosa X R. Eglanteria). A large bushy
Shrub rose reaching 5 feet with a spread of 12 feet. Foliage Spinach Green,
Shghtly rugose, profuse. Bark and twigs green flushed red, with many small

orns. Flowers semi-double, white, 3 inches across, produced abundantly.
Attractive either in bloom or in fruit. Suckers very freely. Blooms towards the
€nd of June or early in July.

R. X Poliarchus (R.24.17.03) —An open-pollinated seedling of R. Harisoniz.

A shrub rose reaching 4 feet in height apd making a spreading bush with

Salmon-pink single flowers which fade to cream. Flowers are 2 inches across

:‘nd, open flat. They are moderately fragrant and are produced in abundance in

h‘i second and third weeks of June. The plant is hardy without protection at
tawa, :

Syringa
Sy,-,-nga Prestoniae yreng
. The report for 1928 contained descriptions of severa] varieties of the then
Ccently named group of Syringa Prestoniae, originated at the Central Experi-
:‘ﬁental Farm from a cross made in 1920 between S. villosa and S. reflexa. Since
wﬁ, Dublication of the 1928 report, the named varieties of Syringa Prestoniae
8 ich were distributed have been grown under test in all sections of Canada, in
h"eral of the States of the United States and in Great Britain, and reports
t}?‘{e been received as to their hardiness, disease resistance and, in general,
1 €ir ornamental value. From the list of the named varieties described in the
928 report, the following have proved themselves as being the most suitable
0d degirghle:

Isabella (8.20.14.114)
W. T. Macoun (S20.14 51) .
Audrey : .. (S.20.14.195)
Desdemons, .. . (s.20.14.1793

linor R (8.20.14.172

iranda (8.20.14.38)

roula (820.14.214)
Virgilia (820.14.211)

Iio The varieties Audrey and Issbella received Awards of Merit from the
\17,y1“é411florticu1tural Society, London; Audrey, June 6, 1939; Isabella, June

Rot (;I‘WO.varieties, Celia (8.20.14.176) and Jessica (5.20.14.22), mentioned but
Escribed in the 1928 report, are described as follows:

‘Ohn'i- X Celia (8.20.14.176) —Flower panicles large, loose, 104 inches long by

: “'thes wide, drooping at the tips, with regular even branching habit, frequently
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with two lateral panicles. Bud Light Perilla Purple; expanded bloom Pale
Vinaceous-Lilac within, Light Vinaceous-Lilac without. Flowers small having
a slight pleasant fragrance. Very showy variety, floriferous, later than most
of the others.

S. X Jessica (8.20.14.22) —Flower panicles quite large, being 10 inches long
and 11 inches wide, conical in shape and tapering from base to tip; branching
habit open, the terminal panicles often having four laterals. Bud Light Perilla
Purple; expanded bloom Argyle Purple within, Purplish Lilac without. Flower
long tubular, broadening at the mouth, lobes opening at right angles, § inches
long and ¢ inches across. This is one of the darkest varieties. It is late and has
a pleasant fragrance.

Fig. 19—Syringa Prestoniae varieties. Front to back—Audrey, Virgilia and Ursula.

Other satisfactory named varieties of S. Prestoniae arve:

S. X Calphurnia (S.20.15.18) —Panicles large, 9 inches long by 104 inches
wide, conical in shape and somewhat drooping, with a loose spreading branc?
ing habit. Bud Light Perilla Purple; expanded bloom Bishop’s Purple withi®

urplish Lilac without, fading to Light Pinkish Lilac. Individual flowers sm&*™
This is one of the best dark coloured varieties, blooming earlier than Jessi¢®
and keeping its colour late in the season. Unfortunately, the bush has &
ungainly habit, which calls for judicious pruning. ) |

S. X Oberon (8.24.05.82).—An open-pollinated seedling of S. Prestoﬂ?%
seedling No. 8.20.14.66. This variety makes a tall upright-growing shrub Wi o
quantities of pale pink flowers well distributed over the plant. The panwlr’
are large, 10 inches long and 7 inches wide, open and upright. Individual ﬁoWed
are small. Small buds Tourmaline Pink, large buds Pale Laelia Pink; expml‘,ic
bloom Pale Laelia Pink to whitish within and Pale Laelia Pink without, fadi®
to almost white. From a distance the open bloom appears to be white.

S. X Romeo (8.26.0523).—An open-pollinated seedling of Dia:i:
(S.20.03.01), the only progeny of the reciprocal cross S. reflexa X S. villosa.

ST
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Shrpb is upright-growing, with decidedly pink flowers and dark reddish stems
Which give the plant a distinctive appearance and intensify the pink colour of
the flowers, Small buds Indian Lake, large buds Pale Rosolane Purple; expanded

oom Rosolane Pink within, Rosolane Purple without, fading to Rosolane Pink.
ndividual flowers single, 4 inch tube, % inch tip to tip. Flower stems Dark
ndian Red. This is a very attractive variety.

Yringa josiflexa

. A cross made in 1920 between S. Jostkaea and S. reflexa was named

8. josiflexa, and the only plant obtained from this cross was given the variety
Rame of Guinevere.

. 8. X Guinevere (8.20.06.01).—Flower panicles 8% inches long, 84 inches
wide, conical, with tips of panicle divisions drooping. Bud Light Perilla Purple;
&xpanded bloom Purplish Lilac within, Argyle Purple without, fading to Light

Inkish Lilac. Tube narrow with petals spread wide.

. From open-pollinated seed of S. josiflera var. Guinevere, three seedlings
With decidedly pink flowers were selected for progagation and distribution. These
are Bellicent, Enid and Lynette. .

8. X Bellicent (8.24.02.05).—The most ornamental of this group. Makes a
bush 7 30 8 feet tall, and as the stems and branches are somewhat finer than in
Many of the other hybrids, this variety has a light graceful and attractive habit.

. The central flower panicles are 5 or 6 inches long and about 4 inches wide,
With many leafy laterals which also carry bloom. These numerous small droop-
Ing panicles on the long lateral branches give this variety a distinctive charm.
blld Corinthian Purple or Hellebore Red to Pale Rhodonite Pink; expanded
ﬂlOOm Pale Rhodonite Pink within, a slightly deeper shade without. Individual

Owers small, the tube § inch long; petals § inch tip to tip, opening at right angles

the tube. First Class Certificate, R.H.S. May 28, 1946,

8. X Enid (S.24.02.43) —Upright habit of growth and presenting a very
attractive appearance. The flower panicles are somewhat larger than in Belli-
Cent, being 6 to 9 inches long and 64 inches wide. There is usually a central
guﬂ‘ti?r which is followed by two laterals. The colour is a good shade of pink,

escribed as follows: Bud Deep Hellebore Red or Rocellin Purple to Pale

hodonite Pink; expanded bloom Pale Rhodonite Pink edged white within to

ale Rhodonite Pink without. Individual flowers small, tube % inches long,
Unnel-formed; petals 5% inches across, opening at right angles. The odour is not
Unplessant.

. 8. X Lynette (S.24.02.25) —This variety is quite different from its two
Sster varieties in foliage, habit and individual bloom. The leaves are mottled
and the flower panicles are loosely branched, 7 to 10 inches long by 4 to 6 inches
wld&’ There is usually one central panicle with several long leafy laterals
g“rerg bloom. The tips of the unopened bloom are very pale, but the colour
"“ePens to a good pink in the open bloom. Small bud Vernonia Purple, tips of
8rger buds Laelia Pink, tube Daphne Red; expanded bloom Tourmaline Pink
A in and without. Flowers self-coloured, fading to a paler shade. Tube
a&now, 4 inch long; tips of the corolla reflexed, 4 inch tip to tip. The plant has

R upright habit of growth, somewhat like Enid.

v S, X Elaine (8.30.01.47).-—An open-pollinated seedling of 8. josiflera
a‘3‘-,.(}1}1n_evere. A tall vigorous upright-growing shrub with large coarse leaves,
gfte distinct from any other Syringa at the Central Experimental Farm. The
igel‘s are arranged in upright-growing panicles, 6 to 12 inches long and 5 inches

e’ With several laterals. In bud the colour is Vinaceous to Pale Rose-Purple;

épan_ded bloom white within, faintly flushed Pale Rose-Purple without, fading

befwhlte' The flowers have a thick texture, and the flower stems are quite brown

a fol‘ﬁ the buds open, but turn to green as the flowers open. The flowers_have

a 2lnt sweet fragrance. This would be one of the best of the very pale
Tleties if it were not for its unfortunate upright habit of growth.
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8. X Kim (8.26.01.09) —The origin of the parent of this variety is lost,
but its tall habit of growth and other characteristics show a strong resemblance
to 8. Josikaea. The panicles are long, open, 10 inches by 5% inches, the flower
bunches opposite, almost in whorls, with one or two inches between. Bud Dark
Vinaceous-Purple on one side, very pale coloured tips on the other side;
expanded bloom Purplish Lilac within, tips pale, Purplish Lilac without.
Individual flowers small; tube % inches long, £ inches across, tip to tip.

Syringa hyacinthiflora

In 1922 crosses were made between 8. vulgaris var. Negro, and Lamartine,
one of the improved forms of S. hyacinthifiora. Four seedlings from this cross
were selected and named Norah, Muriel, Grace and Maureen, Open-pollinated
seed of Lamartine was also sown and from the resulting seedlings two plants
were selected. These were §.22.17.13, named Patricia, and 8.22.17.07, named
Peggy. These forms of S. hyacinthifiora are all early-flowering, coming int0
bloom three or four days before the 8. vulgaris varieties. In foliage and gro
habit they are similar to the varieties of S. vulgaris with the exception of Norah,
which makes & rounded bush, well furnished to ground level. Brief descriptions
of the five varieties other than Grace were given in the report for 1931-33.
More complete descriptions of these six varieties are as follows:

8. X Norah (S.22.04.16).—Panicles 7 inches long and 7 inches wide.
Terminal panicles have considerable irregular branching, and are round, closed;
with. large individual flowers. Buds Magenta to Liseran Purple; expanded
bloom Dull Magenta Purple within, Magenta without, fading to Rose-Purple. .
Individual flowers large, single, 1 inch in diameter, with a long slender tube.
This is & very attractive variety and bears bloom to the ground.

8. X Muriel (S.22.04.09).—Panicles large, 6 inches long by 6 inches wide,
~usually V-shaped (i.e., double-branched), open in habit. Buds are large, dark.
Flowers large, % inches in diameter with a long, slender tube. The colour of both
buds and open flowers is between Petunia Purple 32/3 and 32/1 (R.H.S.), the
open bloom having a border of the lighter shade on the inner sarface, the outer *
surface of the expanded bloom being somewhat lighter.

8. X Patricia (8.22.17.13).—One of the earliest varieties of lilac. Panicles
large, 8 inches long, 5% inches wide, closed, terminal panicles upright. Irregulaf
branching habit. Small budsPurplish Lilac, large buds Hay’s Lilac; expanded
bloom Light Dull Bluish Violet to Hay’s Lilac within, Pale Laelia Pink of
Purplish Lilac without, fading to Pale Aniline Lilac. The individual flowers
are large and double. This variety is distinctly blue and very attractive.

8. X Peggy (S.22.17.07).—A large-sized shrub, with foliage an attractive
shade of light green, Flower panicles are large, 8 inches long and 5% inches
wide, -long, loose 'and open, terminal branching. A very free bloomer. Bu_fls
Laelia Pink, deeper at the tips; expanded bloom Verbena Violet streaked white
in throat, changing to Argyle Purple, Laelia Pink without; flower fading 'to
Verbens Violet. Individual flowers large, single; tube {4 inches long, 1} inchef
wide, open flat. This is a chaice pale variety.

8. X Grace (8.22.01.08).—Flower panicles 7 inches long, 7 inches wid®
loose, and very attractive. Flower large, single. Bud, light Perilla Purple t0
Bishop’s Purple; expanded bloom Bishop’s: Purple within; Vinaceous-Pink
without. A distinctive variety.

8. X Maureen (S.22.01.03) —In this variety the foliage is of the 8. vulgar®
type. The flower panicles are large and loose, 10 inches long by 6 inches wide-
Flowers single; colour in bud Vernonia Purple; expanded bloom Bishop’s Purples

- fading to deep lavender. Award of Merit, R.H.8. May 19, 1942,
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Other Syringa Hybrids

Two outstanding syringa hybrids produced at Ottawa are Ethel M.
Webster and Fountain.

8. X Ethel M. Webster (S.30.07.01).—A hybrid of S. reflexa and a species
Which was incorrectly named when received, and which has not been satisfac-
torily identified. This is a very floriferous variety and makes a symmetrical
'bll_Sh. The flower panicles are large and compact, from 8 to 10 inches long and

Inches wide at the base, tapering to a point, frequently in two’s and three’s
at the ends of the branches, and with the nodding habit of the S. reflexa parent.
Small buds Deep Hellebore Red, large buds Pale Rhodonite Pink; open bloom
Palfi Laelia Pink within and Pale Persian Lilac without, fading to Pale

aelia, Pink.

Fig. 20—-Syringa X Fountain,

(s 8. X Fountain (S.33.11.01) —The parents of this variety were S.28.02.05
Wii, "eﬂexg X 8. Sweginzowii) and S. reflexa. This is another floriferous variety,
T h panicles which resemble those of S. reflexa in their shape and drooping habit.
€ central panicles are from 6 to 8 inches long and about 2 inches wide, with
Many as four or more laterals. Remains in bloom over a longer period than
tﬁgeﬂexa. The colour is Purplish Lilac in bud, paler upon opening except in the
fo te where the deeper colour is retained. It makes a rounded bush about five
€4 tall, blooms early in June, and is covered with flowers for about two weeks.

h



Fig. 21—Rosybloom crabapple var. Simcoe.
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Malus Hybrids

The Reports of the Dominion Horticulturist for 1928 and for the years
1931-33 contained descriptions of several varieties of the Rosybloom crabapples,
whose development started in 1920 by crossing Malus pumila var. Niedz-
Wetzkyana with different forms of hardy crabapples. One of the first generation
hybrids not previously described is Huron.

M. X Huron (M.21.11.02)—Malus pumila var. Niedzwetzkyana X
M. baccata. This variety differs from most of the other Rosybloom crabapples in
its habit of growth which is upright. The foliage is bronze, the leaves large and
Dumerous, Flowers are large, flat, in clusters of 5 to 7 and hav.e a strong
fragrance. Colour, Amaranth Pink with red anthers. The fruit is very
ornamental, bright red, oval in shape, bitter, hard and juicy, with flesh of a

rimp Pink colour. . .

A number of crosses made between the darker foliaged varieties, with the
object of intensifying the bronze summer colour of the foliage for ornamental
Planting, resulted in an interesting group of seedlings, two of which have been
hamed and distributed. :

M. X Baskatong (M.32.10.01).—A seedling of Simcoe X Meach. This
Varlety has very dark, small to medium-sized leaves. In spring the foliage is

lessian Brown, Madder Brown and Olive-Green, overlaid with Hay’s Maroon.
In bud the plant is most attractive, as the flower buds are highly coloured. The
Summer foliage is dark bronze. Flowers are large, Spinel Red to Pomegranate
turple, in clusters of 3 to 6. This is a very useful plant where bronze foliage is
Tequired for summer effect.
B M. X Tomiko (M.32.08.10).—A seedling of Meach X Malus pumila var.

leyi. When grown on its own roots this variety makes a very dwarf shrub
Dot more than 3 feet tall, but when grafted to other rootstocks it develops into
& crabapple tree of normal size. The flowers of Tomiko are a pale washed-out
1I“)lnk\which is not a pleasing combination with the rich red or purple colour of
the foliage, but, because of its hardiness and its rich foliage colour, this variety
18 useful ag & substitute for Prunus cerasifera var. atropurpurea (P. Pissardii)
0 those districts where this Prunus is not hardy.

The following varieties have given good results and are recommended:

Eqrly: Athabasca, Cowichan. :

Medium: Amisk, Erie, Muskoka, Temiskaming.

Late: Makamik, Scugog, Huron.

Very Late: Sissipuk.

Awards to Malus Hybrids . .
M. X Athabasca: M. pumila var. Niedzwetzkyana X M. baccata.
Award of Merit, R.HS. Sept. 1, 1936, for ornamental fruit.
M. X Simecoe: M. baccata X M. pumila var. Niedzwetzkyana. Award
of Merit, R.H.S. Apr. 30, 1940, for its bloom. .
Award of Merit, R.H.8. July 24, 1945, for ornamental fruit,

Storage of Bermuda Lily Bulbs
A. W. 8. Hunter

beg-uf;t the request of the Bermuda Department of Agriculture, experiments were

ey, 10 1934 on the storage of bulbs of the Bermuda lily ( Lileum longifiorum var.

gh:‘éum Nichols = L. Harrisii Carr.). The Bermuda lily makes a fine plant for

(L aster trade but complaints had been received that, unlike the Japanese lily

thy, florum var. giganteum Hort.), the number of flowers per plant was

‘e ™Dly reduced if the bulbs were held in cold storage for any length of time
Ore planting. -
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Immediately after harvest, the bulbs were packed in boxes of ground coral
and shipped from Bermuda. As soon as the bulbs reached Ottawa, usually some
time in September, & check lot was removed and planted in the greenhouse, the
remainder being placed in storage at the desired temperatures. The bulbs were
kept in the ground coral during the storage period. Bulbs were withdrawn from
storage at six-week intervals and planted in five-inch pots in the greenhouse,
using & good potting soil mixture. The plants were placed on the floor in a
cool house until stem growth began, when they were benched for flowering.

The effect of storage and storage temperature upon the performance of plants
is illustrated by the results of the 1934-35 experiments summarized in Table 31.

TABLE 31.—EFFECT OF LENGTH AND TEMPERATURE OF BULB STORAGE ON THE
INTERVAL BETWEEN PLANTING AND FLOWERING, AND ON
THE AVERAGE NUMBER OF FLOWERS PER PLANT

Storage Treatment Average No. Days Average No.
) to First Open Flower| Flowers per Plant

NOBEOTARR. ..o\ttt . 195-9 6-1

Bweeksat 32° F......... ... .. .. 150-0 4:5

Gweeksat36° F......... ... ... 149.7 3-5

Bweeksat40° F. ... ... 160-8 3-8
12weeks at 32° ... . ... ... 117-0 3-1
12weeks at 36° F .. ... ... ... . 12141 2.6
12weeks at40° F. ... .. . 119-7 2.8 ‘
Bweeksat 3L F......... ... 104-8 25
18weeksat 36°F..... ... ... ... 111.1 2-0
18 weeksat 40° F.. ... ... ... ..... .. .. e 109-2 21
2aweeks at 32° F.. ... .. . 97.0 1.9
2dweeksat36° F..... .. ... ... 107-6 1-5
dweeksat 40° F .. . 104-9 1-3
B0weeksat 32° F. ... ... .. ... .. 82-4 1-8
30 weeks 8t 36° F............... i 107-1 1 1-1
B0weeksat 40° F. ... ... ... . ... .. 88-1 1-0

It is evident from the results that 82°F. is the best of the three storagé
temperatures tried; that stored bulbs flower in a shorter time than bulbs p!a‘nte.d
a8 soon as received, and that the longer the period of storage, the greater is this
reduction in time, thus effecting a considerable saving in greenhouse space. How~
ever, it is also evident that even six weeks’ storage materially reduces the number
of flowers produced. Bulbs stored for six weeks at 32°F. may give plants with
a commercial number of flowers, but the reduction caused by longer periods 0
storage renders it impractical to spread out the season of flowering by holding the
bulbs in storage beyond this time. :

A comparison of the effect of bulb storage on the Bermuda and Japanes®
varieties was obtained in 1936-37 and is given in Table 32. The same commer”
cial size of bulbs of both varieties was used. From these results it can be see®
that storage of the Japanese bulbs results in a useful saving of greenhouse space
with a negligible reduction in the number of flowers produced. This is in contrast
with the more than fifty per cent flower reduction in the Berrauda lily over the
same storage period.

Between 1935 and 1940 attempts were made to discover & storage treatmenf'
for the Bermuda bulbs that would prevent this reduction in the number of ﬂOW‘
ers. Included in these experiments were storage of the bulbs in artificial atmo8” .
pheres consisting of different combinations of high, normal and low carbon dioXi%%
and oxygen; storage of the bulbs at 20, 50 and 90 per cent relative humldlblbzs' .
storage for 6 and 12 weeks at approximately 70° F. followed by 6, 12 and 18 we€
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1n cold storage; immersion of the base of the bulbs, after storage, in solutions of
Indolebutyric acid for-24 hours, and illumination of the bulbs during storage by
Ieans of fluorescent lights. None of these treatments resulted in any improve-
Went in comparison with similarly stored, untreated bulbs—with the one excep-
tion that continuous ventilation of the bulbs with & normal atmosphere in the gas
Storage experiments did appear to delay, at least until after 6 weeks’ storage,

€ reduction in number of flowers. This might suggest that the products of
Wetabolism, which would be retained by the ground coral in which the bulbs
Were paciced, were responsible for the deleterious effect of storage. Owing to the
mability to obtain supplies of Bermuda lily bulbs during the war, this lead was
Dot followed up. , ‘

TABLE 32—~EFFECT OF LENGTH OF BULB STORAGE ON THE INTERVAL BETWEEN
PLANTING AND FLOWERING AND ON THE AVERAGE NUMBER OF
FLOWERS PER PLANT OF THE BERMUDA AND JAPANESE VARIETIES

.. . Bermuda Lily Japanese Lily
Storage Treatment Av.No. Days; Av.No. [Av.No. Days| Av. No.
to First Flowers to First Flowers
— Open Flower | Per Plant | OpenFlower | Per Plant
I‘({°Wﬂ'wrage .................................. 226-8 6-1 205-5 52
12 weeks AE32° K., .. e 186-9 3-3 170-3 53
18 weelcs at32°F... ... ... ... 162-1 31 141-3 50
eeksat 32 F. ... ., 135-5 2.9 123-4 45

buIbA study of flower bud formation by MacArthur (1) on stored and unstored
in bs revealed no formation of meristems followed by their degeneration, and
sSlcated that “the factors causing the reduction in the number of flowers asso-
Dlang’ with storage of the bulbs must lie farther back in the ontogeny of the
Vai II} 1937 reciprocal crosses were made between the Bermuda and Japanese
thgletxe_s in an attempt to combine the storage behaviour of the Japanese lily with
obt flower and plant characteristics of the Bermuda lily. A good set of seed was
oy 8ined from which 334 plants were grown. These flowered in 1839, and 32 were
ﬁnected for further testing. An effort was made to multiply the selected seed-
ar egs outdoors at Ottawa. The bulbs over-wmtqre_d; quite vyell in a protected
i ea' but under field conditions loss from winter killing was high and the rate of
Tease of all seedlings was low. However, a sufficient quantity of bulbs of ten
Ings was obtained to permit a small storage trial in 1944-45, Three of
oy %€, which were also of good forcing type, showed relatively little reduction in
Mber of flowers following eight weeks in storage at 39°F. This material has
D transferred to the Dominion Experimental Station, Saanichton, B.C., where
an de of the seedlings are attracting considerable attention from bulb growers
greenhousemen.

1 Mae Reference
Arthur, Mary. Development of the lily. Sei. Agr. 22:104-107. 1941,

Development of the Lily
M. MacArthur

jeoteSulbs of the Bermuda lily, Lilium longiflorum var. ezimium Nichols, sub-

Stor, o storage before planting, give a reduced number of blossoms. Increased

the ‘Ege ful'l:ber reduces the number of flowers. A morphological investigation of

lniﬁa:."elopmg lily was undertaken to determine the effect of storage on the
100 of fioral primordisa. '
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The unstored bulbs were greenhouse-planted immediately after receipt on
August 12; the stored bulbs were dark-stored at 39° F. for 12 weeks, th_en
greenhouse-planted. Samples from both lots were taken periodically; axial
elongations and the width of the terminal meristems were measured, and finally,
a geries of slides was made from longitudinal and transverse sections of the grow-
ing tip to obtain evidence of differentiation of floral primordia. ‘

Five to six flower buds were formed in the unstored material, and not more
than three in the stored material. Floral primordia appeared in the sto_red
material 84 days after planting and in the unstored 105 days after planting:.
There was no evidence whatever of initiation with subsequent degeneration 0
floral primordia in the stored bulbs.

The results appeared in “Development of the Lily” by Mary MacArthur-
Sci. Agr. 22: 104-107. Oct., 1941.



FLORICULTURE
A. P. Chan

This report.deals with research which was initiated in December, 1947,
Wher_l the writer was appointed as the Assistant in Floriculture Research.
arlier work on floriculture is dealt with in the section on Plant Nutrition and
ysiology. Since 1947, experiments covering a broad field of commercial flori-
culture have been initiated and most of these are still in progress. A new green-
Ouse 25 x 60 was completed in the spring of 1948 and is equipped with both
Concrete and steel V-bottom benches. One-half of these benches is designed
Or gravel culture and is in use. A new laboratory for testing greenhouse soils
43 been set up and is now in operation.
The major investigations now in progress are cultural experiments on
Carnation, rose, poinsettia, snapdragon, chrysanthemum, aster and gladiolus.
Uundamental work on flower bud initiation of chrysanthemum is also in progress.

Mai Carnation Culture
ain Objects ¢

1. A comparison of various automatic watering systems on carnation culture.
C 2. A comparison of Ohio State WP nutrient with Division of Horticulture
H solutions.

on 3. Tests on the suitability of various carnation varieties for second year
Ops.
\

§ 4. Studies on the effects of various watering systems and types of culture
L&, sand, goil, gravel) on second year crops.

The watering systems used are constant water level, Nelson Master Nozzle
?n{i manual overhead watering, In the same experiment, a plot of sand culture
S Included. Gravel plots employing the WP and CH nutrient solutions with

8ydite, a synthetic gravel, form the other treatment plots.

TABLE 33 —EFFECTS OF WATERING SYSTEMS AND NUTRIENT SOLUTIONS ON
FLOWER PRODUCTION IN CARNATIONS—SEPTEMBER 20 TO MAY 13

Flowers Per Plant

Method Northland | William Sim | Light Pink
4-5 4-9 5-7
5-0 53 6-5
5-2 53 6.2
t 4.3 14 4.7
CH Ltrient Solution....... 43 4-1 4-6
Ubrient Solution..........couveriueriueeerneeerienenns 4-0 4.0 4-7

kTh? varieties used in these studies are Northland, William Sim and Light

on MVIrglma. Rooted cuttings were planted directly into greenhouse benches

blang 8y 25, 1948. These were pinched continually until July 10 to build up the

'°1ut,'s' The effects of the various watering systems and the two nutrient
10ns on flower production are given in Table 33, :

rom Table 33 it can be seen that the Nelson Master Nozzle and manual -

ead watering are superior to other methods. The flower size and stem

157
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length are fairly constant with the variety regardless of treatment. In these
experiments the average widths of Northland, William Sim and Light Pink
Virginia were 3-8, 3-6 and 3-4 inches respectively. Stem length averaged 24
inches in all plots. The quality of flowers was exceptional, each stem averaging
over one ounce in weight. _

Rose Culture
Main Objects :

1. A comparison of Ohio State WP nutrient solution with Division of
Horticulture CH golutions.

2. A comparison of various automatic watering systems on rose production:

3. A comparison of the effects of gradual cutbacks or knife pruning with
the standard method of drying-off and pruning.

The rose plants used in these studies were grafts planted on May 10, 1948.
The gravel plots were planted a week later. The systems of watering were
constant water level, Nelson Master Nozzle, Revere copper pipe system, and
manual overhead watering. The plants were built up during the summer by
regular pinching. Top breaks were “soft pinched”” and bottom breaks were “hard
pinched” in order to induce more than one heavy break from the pinch. The
variety Better Times is used in the watering and nutrient studies. In the
pruning studies, the *varieties Happy Day and Starlite are used. Table 34.
indicates flower production in the first year of testing the four methods of
watering and the two nutrient solutions.

TABLE 34.—EFFECTS OF WATERING SYSTEMS AND NUTRIENT SOLUTIONS ON ROSE
PRODUCTION, AUGUST TO MAY

Flowers Average
Method per Plant | Stem Lengli

Congtant Water Level.... ...ttt i i i 1

Revere Copper Pipe.. ... 18-6

Manual O.H, Watering.. ..ottt 17-2

Nelson Master NOzzle............ooiiin e ie e 16-7 21 0«
CH Nutrient Solution............vvniiiie it iaenins 13-6

WP Nutrient Solution.............oitiviieiii e, 11-8

8.6 21 inches
bt “

The various watering methods in soil culture did not show great differences
in the first year of production. The figures for the gravel culture plots using
and CH nutrient solutions are not indicative of the merits of the system. The
plants were checked before they were planted because of a delay in the delivery
of necessary equipment for the gravel culture method. No results can be showW?
for the pruning and cutback experiment at this date because the experiment haé -
been under way for only one year. .

Chrysanthemums and Asters

Chrysanthemums are investigated from the standpoint of spring productio?
and crop rotation with spring asters. )
Main Objects . . ,
1. Investigation of the possibilities of flowering a spring crop of chrysad”
themums by cutting back plants which flowered for a fall crop. ‘
2. Demcnstration of a rotation plan of late chrysanthemums and asters. -
Mid-season varieties (Little America, Bronze Masterpiece, Tally-ho, 'ﬂ-ﬂi’ E
Brocade) were chosen as material for the fall-spring crop. Flowers were ¢V
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from November 10 to 15. The stock plants were to be lighted from 1 to 2 am,,

and sheots arising from the stock plants were to be pruned to three stems.

' However, the original plants were badly infected with Verticillium wilt and

'igz experiment was discontinued. It is planned to repeat this experiment in
9-50,

In the second block, December varieties (Imp. Tobin’s Yellow, Pink
Mistletoe, Vibrant and Prosperity) were lighted to delay them for the Christmas
market, These, too, were so badly infected with Verticillium that the experi-
Mment was discontinued.

The asters were benched in late December as planned. These were the
Royal types. Shell Pink, Royal Purple, White and Deep Rose were the varieties
used. Additional illumination was used from 5 to 10 p.m. daily until the blooms
were ready for cutting, The plants were in bloom in March but the bulk was
eut in April. As the results in Table 35 show, this is an ideal crop to follow
chrysanthemums.

TABLE 35.—ASTER PRODUCTION FOLLOWING CHRYSANTHEMUMS IN

ROTATION
Vari Flowers per | Flowers per Average Average
ariety lant Sq. Ft Stem Length | Flower Size
De(?p Rose........coiiiiii i 6-2 13-9 26 inches 3.5 inches
‘lggltel'ii .................................... 6-3 14-2 2 3.3«
yal Purple...............ooi e -4 14-4. “ 3-3 «“
Shell Plx?lﬁple ................................ 9~4 16-6 18 “ 3-0 “
7
Poinsettias

Main Objects

1. Studies on the differences in cuttings produced from stocks at Ottawa and
those which were rooted in California and flown here by air cargo.

2. Studies on the effects of various dates of propagation and panning.

The varieties Oak Leaf and Albert Ecke are used in these studies. Cuttings
Were propagated from July 26 to September 18. Two shipments from California
Were made. The first arrived on August 28 and the second arrived on September

. It appears that any date prior to September 15 is too early for shipping.
efore that time the temperature is too high and losses are liable to be corre-
:}I:Onding]y great. Late shipments (after Sep’gem‘bey 15) are satigfactory and
¢ € cuttings may be panned directly. By panning directly, labour is saved, and
he unevenness of height of the plants is too slight to be of great importance.

ttings propagated at Ottawsa prior to September 18 were stuck in sand and
Potted in 24’s when rooted. Cuttings propagated after September 18 were
Panned directly on October 5.

TABLE 36.—_GROWTH OF POINSETTIAS PROPAGATED AT OTTAWA

) Date of Propagation Date of Panning Heig%xze;manbs Bé::: 7o
J
dvee. October 2.................... 20 - 24" 11-5 inches
Augug 3 DD October 18.................... 15" - 18" 10.2  “
Bopis 8L .. . October 21,...........cvvvn... 12 - 15" 10-2. “
Mber 18.................. October 5%.................. 15" - 18 10.2

L 3
Panned direct from propagation bench.



160
As the results in Table 36 show, the date of panning seems to have an
important effect on the height of the plants. The date of propagation, too, has
an effect, but this effect can be controlled to a limited extent by nutrient levels.

TABLE 37.—GROWTH OF POINSETTIAS FROM CALIFORNIA CUTTINGS

]
Date Cuttings Received Date of Panning Helg%‘t,;egfal’?ants Bé;lc? aSgi:e
August28....... ... ... ..., (Shipment lost through heat). | ... .o
September 24, ................. September 24................. 12" - 15" 9.0 inches

It should be borne in mind that the data presented are not complete. It
is proposed to repeat this work in 1949 with special reference to dates of ship-
ments, propagation and panning, and to temperature control.

Snapdragons
Main Objects

1, Studies on the effects of tlmed pinching on blooming date of winter
flowering snapdragons.

2. Evaluation of hybrid tetraploid snapdragons in comparison w1th line bred
and diploid hybrids. -

Five commercial varieties and three tetraploid hybrids were used in these
studies. Two sowing dates, July 20 and August 20, were employed. The July
20 sowing was planted and grown to maturity in flaté. The second sowing was
planted in a ground bed. Table 38 shows how the experiment was conducted.

TABLE 38.—METHODS AND PROCEDURES OF SNAPDRAGON EXPERIMENTS

——
Operation First Sowing Second Sowing
Sowseeds............ July 20, oo e August 20.
Prickout............. August 20. ... e October 1. .
Flatorbed........... September 20.........c0eviiiiiniian. November 24.
Pinch....... e .| September 25, October 1, October 6....| November 26, December 1, Decem-
. er 6.
Flower............... February-Marech......... e March-April.
; .

The flatted snapdragons. were left out in cold frames until November 24
because of a lack of greenhouse space. The plants were exceptionally sturdy.
when brought into the greenhouse. '

At the time of writing only the results of the first sowing have been studied.
These indicate that the physiological mechanism of timed-pinching of snap-:
dragons is quite different from that of chrysanthemums. Although there was &
variation of 15 days between the dates of the pinch, the blooming dates of the
various plots were quite gimilar. This was in contradiction to claims made by
some growers that a pinch made 5 days earlier or later would cause flowering to be
altered by weeks. The second experiment appears to indicate quite similar
results. Some other factor, such as physiological age of the seedling at the time:
of pinch or the temperature, may be involved. Thls work will be contmued in-
1949,
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Gladiolus Culture Under Glass

Gladiolus corms were planted in mid-February, 1948, and came into bloom in
May. The main objects were studies on the effects of pre-heat treatments, ethyl-
ene chlorohydrin, and additional illumination on earliness of flowering of forced
gladiolus.

Since the checks flowered at the same time as the treated plots, the 1948
results indicate that corms planted in mid-February need.no special treatment.
Of the varieties used (Snow Princess, Picardy, Early Dawn and Red Charm),
Early Dawn and Red Charm were outstanding.

This work is being repeated in 1949. Although the results are not yet com-
Plete, it would appear that even those corms planted in January need no special
treatment. The use of additional illumination indicates better quality blooms.
Tlllle varieties, Red Charm, Rosa van Lima, and Elizabeth the Queen, were espec-
1ally good.

Miscellaneous Studies in Greenhouse Floriculture
H. Hil

Sleepiness in Carnations

_ The term “sleepiness” as applied to flowers is usually confined to carnations.
It is characterized by a partial closing of the flower due to an incurving or curl-
Ing of the petals. This condition progresses until the flower is frequently almost
closed. The disorder has been encountered irregularly, usually when flowers
are shipped by train a considerable distance. The flowers do not recover after
they have become sleepy.

o Ferguson (1) found that the gas, ethylene, definitely caused sleepiness. This
gas is one of the constituents of pintsch gas used frequently for lighting and
cooking in gome of the express cars in which shipments were made during these
Investigations. Exposure of carnations to such small concentrations of pintsch-
828 a5 100 p.p.m. for 24 hours and 250 p.p.m. for 10 hours caused severe sleepi-
ness, These concentrations are within the figures obtained for analyses of gas
8amples collected in the express cars. There is no reason to believe that
sleepiness is the result-of growing or cultural conditions. ‘

Artificial Lighting
Intensity—Severa] different types of plants were grown for comparison
under lights of intensities varying from five to four hundred foot candles. In no
Mstance did intensity of light influence significantly the date of bloom of long
2y plants. Chrysanthemums were not satisfactorily retarded by the extremely
OW intensity, and many shoots continued to make vegetative growth until inten-
81ty reached twelve foot candles. It was indicated that greater intensities were
D0t necessary.

. Quality of Light—Mercury vapour and fluorescent tubes giving light of
dlﬁe;’ent quality were compared with Mazda lamps as supplementary to natural
aylight period and as total illuminations.
M As supplementary lighting they proved effective in the following order:
azda, Daylight, Blue, Green, Red and Mercury Vapour. As total illumination
Bone proved satisfactory except in the sprouting of seeds of cereals. '

P’“""Peﬁodicm Studies with the Chrysanthemum

th Studies of photoperiodism showed that most mid-season varieties of chrysan-

T};{mums will not form flower buds until the daylight falls below fourteen hours.

it 18 occurs at Ottawa about the end of the third week in August and rises above
8gain about April 25. Therefore, if bloom is required before the natural
4866511 .
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season, dark shade cloth should be applied about seventy days before the bloom
is desired. Pinching should be done about thirty-five days before shade is applied.
If bloom is to be delayed, artificial light at ten to twelve foot eandles should be
provided daily from five to ten p.m, prior to the end of the third week in August.
It should be applied as many days before this time as it is intended to delay the
normal bloom period. Lighting should be discontinued about seventy days before
bloom is desired.

The following plants were also grown with additional artificial light, and
are divided into two groups according to whether their response was earlier
blooming or they were not materially influenced:

Earlier Blooming—Aster, Calceolaria, Centaurea, Cineraria, Gypsophila,
Larkspur, Nasturtium, Pansy, Salvia.

No Material Influence—Calendula, Geranium (Pelargonium), Primula,
Zinnia. _

Effects of Supplementary Lighting on Growth and Production of Asters

Certain greenhouse flowering plants react favourably to supplementary elec-
tric lighting in the seedling stage. Seed of asters was sown on January 17 and .
pinched out into flats on February 6. Half the flats were placed under electric
lights for four hours of supplementary lighting each day. Four flats were set
" under a 100-watt Mazda lamp suspended at a height of three feet. After five
weeks the lighting was discontinued, and the lighted and non-lighted plants were
benched. After being benched for two weeks, the lighted plants were. judged as
being approximately one month in advance of the untreated plants in growth and -
vigour. This difference was very marked in the production of flowers. Yield at
the time the first main cut was taken from the untreated plants was 23 blooms
per 100 plants. In the meantime the light-treated plants had yielded 733 blooms
per 100 plants, and had been undergoing cropping for a month. The final total
from the treated plants was 833 blooms per 100 plants made up of 203 No. 1
grade, 315 No. 2 grade and 315 No. 3 grade, and from the untreated plants 393
blo‘(()ims per 100 plants made up of 97 No. 1 grade, 50 No. 2 grade and 246 No. 3 ~
grade. .

Subsequent studies were conducted to show whether lighting would be of.
advantage at other seasons of the year. Sowings were made at monthly intervals,
and half the populations were subjected to the same intensity and period of
artificial light. The period from sowing to bloom was reduced for all monthly
sowings except April, May, June and July. In these four months temperature
was probably the deciding factor. However, when sowings were made from May
to October, the quality of plants and flowers was unsatisfactory.

Reference

1. Ferguson, Wm. Sleepiness in Carnations. Sci. Agr. 22:509-518. Apr., 1942,



LOW TEMPERATURE RESEARCH

W. R. Phillips and P. A. Poapst

Storage Plant, Laboratory and Equipment

Historical Development

Concurrent with the development of mechanical refrigeration and more
efﬁcxent.methods of transportation and communication at the beginning of the
twentieth century, food storage became more important in world and national
€conomy. So it was realized that a scientific approach to the solution of problems
arsing in storage would be necessary. Thus laboratories in different parts of the
world were designed for such studies, )

. For the purpose of dealing with such problems and the dissemination of

Information relevant to the storage of Canadian horticultural crops, the Low
emperature Laboratory in the Division of Horticulture, Central Experimental
arm, Ottawa, was established.

Origin of the Laboratory

In 1931, six chambers of about 1,000 cubic feet each were built. One of these
cham‘bgrs was devoted to freezing work while the remainder was used for
Observing the storage behaviour of fresh fruits and vegetables. Ammonia wag

€ prime refrigerant with direct expansion in dry coils for the freezer, and for

¢ other chambers, circulated calcium chloride brine was the secondary
1‘éf.l‘lgeran‘c.
. For the storage rooms the various types of temperature control devices
Meluded motor switeh (on and off type) thermostatically operated heating coils,
and modulation valves. From a laboratory point of view the modulation type of
Valve provided the most satisfactory control where brine circulation is employed,
Or accurate temperatures can be obtained without materially lowering the
telative humidity under fluctuating load conditions. '

Crowth of Storage Facilities

Since more space was required to deal with the various phases of the many
Storage problems in the fruit, vegetable and florist industries, the premises were
®Xpanded in 1936 to the present 21 rooms. These rooms are more or less flexible
88 to their use but are primarily arranged as follows:

Temp. Range
Normal Refrigerated Storage 11 rooms 30 to 50°F.
GAS SLOTAZE «vvvvivrnnecricnennaenransans 3 rooms 32 to 40°F, '
Freezing ......0oovveiereann. 3 rooms  —50 to +15°F. '
Ripening ......ccoiiiiiiiiiiiii 1 room 60 to 75°F.
Sample Storage ......i.ciiiiiiiniiiiaain 1 room 32 to 39°F.
PrecoOlinE - «vvveerrererereanioninniaenens 1 room 30 to 40°F.
Grading and Packing ............coveoiinn 1 room Room

B 01 [ 21 rooms

T
n:e' of Control

AWithTempe.rat',ure control was designed to give accuracy and results comparable
o those in industry. Ammonia was retained as the prime refrigerant. In those
TS classified as being normal refrigerated storage, brine circulation; direct

Ansion and air circulation types of cooling were used. Based on previous
“Sperlence, thermostatically controlled motorized modulating type valves are
or brine circulation rooms. However, both installation and maintenance

48665-1 13 163
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of the brine circulation system is costly. In spite of this, brine circulation has two
advantages: (1) no harmful refrigeration gas enters the room, and (2) close
temperature control can be more easily obtained. (The gas storage rooms are
also cooled by brine circulation with thermostatic modulation valves.)

Several of these rooms are refrigerated by direct expansion for which dry
coil evaporators are equipped with expansion valves. Reasonably good tempera-
ture control with minimal moisture condensation can be obtained by using back
pressure control and thermostatic solenoid valves in conjunction with adequate
cooling surface. One disturbing feature in the operation of these rooms was that
considerable off balance existed between evaporator and compressor capacity.
When one compressor operates- on several rooms with fluctuating loads, as 18
common in experimental storages, the capacity of a compressor may be many
times that of a single evaporator. This condition puts & great strain on back
pressure control valves resulting in faulty temperature control which was
corrected by having the return mains from the evaporators enter a brine cooler
evaporator. (This brine cooler is used to cool the brine for the brine circulation
. rooms). A steady and continuous suction pressure was maintained by keeping
the brine temperature. several degrees below the room evaporator-temperature-
Thus, the brine cooler functions as a surge drum or an intermediate condenser;
so that the compressor does not operate directly on the room evaporator. This
particular feature appears to have considerable merit where several small
evaporator units are operated by a single compressor. .

The evaporator on the air circulation unit is controlled by the same system
as the direct expansion evaporators. The essential difference is that the-
evaporator coils are sprayed with brine and air is circulated over the wetted
cooling surface through ducts to the room. '

The refrigeration system used in the freezers is direct expansion. Two rooms
are controlled by the usual thermostatically operated solenoid valves along with
an expansion valve. The other room used for extremely low temperatures an
fast-freezing studies is refrigerated by a flooded coil. The liquid ammonid
refrigerant in this coil circulates by convection from a float controlled ammonis
collector. Originally two 3% x 3% compressors were operated in tandem t0
provide the low suction pressures required but later experience proved this
to be unnecessary. '

The ripening room is -normally heated by a thermostatically controlled
heater. High humidity is obtained by atomizing moisture with air pressure-

The method of temperature control in the pre-cooler has been described
in “Storage of Apples” by W. R. Phillips. Farmers’ Bull. 132. 1946. Direct
expansion coils, with thermostatic solenoids are used. A modulating air damper
operated by thermostat in turn controls the temperature of the air passing t0
. the room through ducts and a false floor.

Gas Storage

In experimental gas storage work with apples, the first step is to find
the most suitable gas mixture (concentration of CO, and O,) for a given typ®
or variety. For commercial application, however, a large quantity of apple®
is required in order to control the CO., and O, concentrations within reason”
able limits. This latter procedure involves large expenditures for the handling
of the volume of fruit as well as extra equipment required for the gas ropms‘ :
To circumvent these factors, some means of small-scale trials had to be devisét:

Essentially the problem was to control CO, and O, concentration i &
small gas-tight container by a method other than periodic ventilation or scl'ugé 3
bing of the air in the chamber. M. B. Davis, Dominion Horticulturist, survey i
‘the various methods employed and decided in favour of the one still usé
in the gas storage rooms of the Division.
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Gas concentration is controlled by allowing gas of the desired composition
~to flow through the containers of apples at a rate which compensates for the
change in gas atmosphere brought about by the respiration of the fruit.
Preliminary Gas Storage Equipment .

The apples are packed in five gallon tin plate cans which are placed in a
controlled temperature storage room. Gas of known composition is allowed to
flow from a cylinder through these cans at a rate of one cu. ft. per container
per day. Fig. 22 is a diagrammatic sketch of this setup.

V : | E _
Labor‘al‘ory \® © (.

B

2 D

S'L’ofage Room

P
p)
Wall

Fig, 22-—Preliminary gas storage equipment—gas of desired concentration flows from
cylinder (A) through tubing to cans (E) containing apples.

Gas mixtures are compressed in the cylinder (A) to about 1000 Ib.
Pressure (about 70 cu. ft.). A needle valve (B) permits throttling of the flow
Tom one to 20 cu. ft. per day. The flow is measured by a manometer (C)
Consigting of & 20 mm. glass tube with & two mm. bore side-arm. The air
OWs into the top of the larger arm of this manometer via a large bore tube
8nd oyt to the line again via capillary tubing. The pressure build-up so
eveloped causes the liquid to rise in the side-arm. The side-arm is then cali-
rated with the aid of a gas meter and graduated for different flow rates. Even
0w from the distributor (D) shown in Fig. 22 is accomplished by the inser-
10n of gmall bore outlets. The gas mixture flows into the can via a copper
t“bq nipple through rubber tubing to the back (or bottom) of the can and
Out into the room by another nipple (F). The flow of one cu. ft. per day per can

88 determined by interval analyses of the gas in the can. At slower rates
2 build-up was noted.

P'elnm'n‘ Gas Mixtures

Making the gas mixtures is the most important and critical part of the
Procedyre, Briefly, the gases are measured into a closed tank by water dis-
.pla?ement, then circulated to obtain a homogeneous mixture. If analyses

dicate the proper concentration, the gas is compressed into a cylinder.
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Fig. 23 shows diagrammatically the essential parts of the equipment. Tank
(A) (Tank (A1) is a twin to tank (A) in all respects) is a closed eylindrical
tank of 200 Imperial gallons capacity. This tank is equipped with a sight glass
(F) and U-tube manometer (G). At the outset tank (A) is filled with water
which can be pumped to open tank (C) by pump (B). Simultaneously CO, is
admitted to tank (A) until the desired amount is indicated on sight glass (F).
During this step care should be taken to see that the pressure in the tank does
not deviate from atmospheric. This is done by regulating the flow of gas and
the discharge of water from pump (B) according to indications of manometer
(G). Having the control valves located conveniently and by exercising care
this can be done quite easily. When the desired amount of CO, has been
collected in tank (A) the procedure is repeated for N, and finally for air,
(With most gas mixtures used, air can be utilized for supplying the required
O, and part of the N,). Compressor (D) is then used to mix the gas by pump-
Ing it out of the top of tank (A) and returning by the bottom. A small sample
is drawn off and analysed by the Orsat gas analysis equipment. If the analysis

reveals an error (which frequently occurs with a new operator or an unusual

mixture) adjustments can be made by releasing some gas and adding either

Oz, N, or air as required. When analyses indicate the correct mixture, the
gas is compressed into cylinder (E). The gas is drawn off the top of tank (A)
by means of compressor (D) and discharge is opened to (E). Simultaneously,
water is allowed to flow by gravity from tank (C) to tank (A). Care should be
taken to avoid undue pressure strain being placed on tank (A). Regulating
the valve on the water line so as to maintain atmospheric pressure on
manometer (G) will effect pressure control. To prevent pulling water over
into the compressor it is safer to stop the compressor before tank (A) is
completely filled.

Tank (A1) is an exact duplicate of tank (A). Connections to tank (A1)
havq been omitted to reduce confusion. This tank provides an alternate for
making up a gas mixture at the same time as the gas contents of tank (A) are
being compressed. The contents of the two tanks make a convenient charge
for a cubic foot gas cylinder at 1000 Ib. pressure.

Respiration’

Since the storage of fresh fruits and vegetables is effected by reducing
metabolism it is axiomatic that measuring metabolic rate is an important phase
of storage investigations. CO, output of plant tissue, commonly called respira-
ticn, is an expression of its general metabolic activity.

Considerable work has been done along these lines at the Division of Horti-
culture, Central Experimental Farm, Ottawa. H. C. Aitken set up the original
equipment and formed a basis for future work by confirming the findings of
other workers. The essential conclusions were as follows:

1. Several weeks after harvest McIntosh apples assumed approximately

the same rate of respiration regardless of time of harvest.

2. Respiration rates varied directly with storage temperatures.
3. Apples with highér respiration ratés appear to be more susceptible to
fungal invasion,
During these experiments and thcse conducted later by W. Ferguson it
Was learned that slight changes in temperature produced considerable varia-
tion in respiration rate.

Respiration Equipment :

To overcome variability in air-temperature control and also to avoid
10'.‘9.‘cmg respiration equipment in different rooms to obtain different tempera-
tures, refrigerated double tank water baths were designed as in Fig. 24." The
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outer tank (A) is cooled by circulating cold brine through an iron pipe (C
and D)immersed in a weak brine solution. The inner tank (B) is heated with
an immersed high resistance heating cable (E). The latter is controlled by a
sensitive mercury contact thermostat (G) operating a relay (I) which in turn
is actuated by transformer (H). At either end of the inner tank an air-operated
agitator is located (¥). Both spatial and temporal temperatures of the inner
tank can be controlled to =0-1°C. By insulating the outer tank, temperatures
as low as 32° F. can be maintained in the inner tank of water (or weak brine).
Thus respiration rates may be studied at either room or storage temperatures
without changing the location of the apple. .

4

T |

Fig. 24—Double tank water bath for refrigeration studies; outer tank (A) cooled with
refrigerated brine; inner tank (B) heated with submerged electric heating cable (E).

Measuring CO2 Output

_ Each apple is located in the usual glass sphere chamber which is immersed
in the water of the inner tank. Air bubbled through KOH solution to remove
all traces of CO, passes over the apple and enters a Pettenkofer tube. There
the air stream is slowly bubbled through Ba(OH), solution. The CO, of
respiration is calculated by titrating the contents of the Pottenkofer tube
against HCl of known concentration, using phenolphthalein indicator. For
the most part, thesga measurements were made at 24-hour intervals. A shorter
interval was sometimes required when the rates were exceptionally high.

-

Respiration Findings

T_he most valuable application of respiration trends is the measurement of
maturity. A study of the respiration rates of tomato fruits from plants fed
varying amounts of boron (controlled solutions in greenhouse) revealed that
another important function of these studies would be to differentiate keeping
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behaviour of different classes of fruit. As reported in “The Effect of Boron on

- the Respiratory Behaviour of Tomatoes” by W. R. Phillips, Sci. Agr. 18:
685-694, August, 1938, it was shown that fruits fed excessively high or low
boro.n. produced respiration curves decidedly different in type from those
Teceiving normal boron. Furthermore, the normal boron treatment produced
fruit of longest storage life.. When applied to nutritional work on apples, how-
ever, the contrast was not so great. Nevertheless, there was a tendency for
hlgh. nitrogen plots to have higher respiration rates, but individual variation
ellm;nated any significance. If a technique can be devised whereby respiration
studies can be made on a larger scale, individual variation may be more
&ccurately measured and significant results obtained.

Another function of these studies is to relate keeping behaviour to tem-
Perature. The rate of sugar consumption in MecIntosh apples, caleulated from
respiration rates, at temperatures from 32°F. to 65°F. indicated that a definite
trend was assumed (see previously mentioned Bull. 132, p. 5). This trend,

eing a smooth curve, is representative of the usual relationship between length

of storage life and temperature. Some apples, however, showed a slight dis-
turbance in rates when the temperature was raised or lowered. An attempt
to associate this condition with storage behaviour revealed no particular
significance but future studies cn a larger scale may reveal physiological
Phenomena.

Relpiration and Maturity

. As mentioned previously, measuring maturity is the most important func-
tion of respiration data. Most of the work on maturity measurement has been
done with MeIntosh previous to and after harvest. In “Respiration Curve for
+MecIntosh Apples” by W. R. Phillips, Sci. Agr. 19: 505-509, April, 1939, it was
s?lown that ideal harvest for storage is definitely associated with the climacteric
Tise in respiration rates. The curve was established by measuring the respira-
tion of detached apples at 55°F. in the laboratory. After 7 to 10 days the
Tespiration trend could be determined. From these trends respiration rates at
time of picking (for a particular fruit) can be calculated. From a series of
these go-called initial rates of apples picked at frequent intervals, respiration
trends as they occur on unharvested apples can be established. It was shown
that immature McIntosh apples are characterized by level or falling rates. This
18 followed by a definite rise to a peak (climacteric) after which rapidly falling
rates occur. The fact that at least a week is required to establish respiration
tI'el}ds makes direct application of respiration technique by the fruit grower
decidedly impracticable.

Hoy Can the Climacteri¢ be Measured?

. Thus it may be seen that a reliable, quick and easy technique for determin-
Ing the climacteric would be very valuable. Starch tests, ground colour, and
Pressure tests all are attempts at measuring maturity but these tests have

eir weaknesses, for in most of them there is no abrupt change as maturation
pro_ceeds. Most of the changes are somewhat slow and gradual, making definite
Jdecigions difficult. Other factors also contribute to unreliability; for example,
% was found that the starch content of ap{;les has a daily as. well as a seasonal
Tend. The lowest point in this diurnal trend is the early afternoon; the
ighest, early morning. Therefore, it is quite possible that an early afternoon
Starch test would indicate that apples were ready for harvest while a test the
Ollowing morning would indicate that they were still immature.

. It wae decided to make a thorough study of all known methods which
Might have practical application. The approach was to follow through such

ends prior to and after harvest and establish the co-relation between these

ends and the occurrence of the respiratory climacteric.

48665—12
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Methods of Measuring Maturity Trends

Full maturity in apples is brought about by many complex physiological
reactions. Some of these reactions through interdependence are tied into
systems; others are independent and proceed at a definite rate of change regard-
less of other factors. It is for this latter reason that seed coat colour was
found unreliable. The seeds may change in colour regardless of the quality of
the tissues.

An important point is that most of the physiological changes are trends as
represented by decreases or increases of certain constituents in the tissues.
This makes absolute values somewhat unreliable. Therefore it was assumed
that more success could be anticipated from a chronological series of values
rather than from a spot determination.

The several methods of measuring maturity have been studied for three
years, and from these studies it appears that some may have future applica-
tion.

The methods under test were:

. Ground colour,

Percentage blush,

. Pressure test,

Starch content,

. Ethylene content of tissue,

. Titratable acidity,

. Peroxidase content of juice, and
. Refractometer reading of juice.

The first four methods, namely ground colour, blush, starch and pressure
tests have all been used by growers and maturity committees. They have
met with a certain degree of success but none either individually or cqllectlvelY
has been regarded as absolute. The last four, ethylene, acidity, peroxidase and
refractometer, have been used in the laboratory but have not been tried com-
mercially. From the results of the aforementioned three years’ work it wo}lld
appear that certain of these may have merit in accurately measuring maturity,
particularly in McIntosh.

0~ Lt N

Evaluation of Maturity Tests ..

The criteria in placing a value on the various tests was that to be of va'ue
there had to be a strong co-relation with the respiration climacteric and, a sharp
change in values associated with this co-relation. Ease of application was als0
considered. Evaluations on these bases were as follows:

Ground Colour—Loss of green and the onset of yellow colour are associated
with the climacteric rise but the change is a gradual one making it somewhat
difficult to establish a definite maturity point. This index of maturity is usefu
in a general way but lacks precision. '

Percentage Blush.—The red colour increases gradually as maturation pro-
gresses. Although storage quality and behaviour are definitely associated wit
the quality and amount of blush the progress of blush is associated with factors
other than the climacteric. Hence blush is & means of segregating apples OB
the basis of storage quality but is not a reliable maturity index.

Pressure Tests.—These changes were, if anything, more gradual than ground
colour. With the ideal picking date (according to climacteric) being about
September 24, pressure test readings ran from 19 down to 18-3 with some
intermediate readings of 196 to 17-6. This was followed by a sharp fall
to 14-8 on September 30, six days after ideal harvest. Thus the pressure test
is of little or no value in determining maturity.
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Starch Content.—This test is more or less a laboratory test although it is
“used by some growers. A median horizontal section of the apple is dipped in an
lodine solution. The iodine produces a dark blue (almost black) colour in the
presence of starch. Immature apples have a high starch content, but during
the climacteric rise the rate of starch disappearance is quite rapid. This is
reflected in the decrease of blue colour in the apple sections under test. A chart
Wwas made up from photographs of apples harvested at all points through the
CI}macteric rise and fall (numbered from 1 to 9). At the beginning of the
climacteric rise, about five days before ideal harvest, values of 3-3 were
obtained. Values increased to 4 at ideal harvest. It has been mentioned
Previously that the starch content changed materially during the day as well
8s having a day-to-day variation. This diurnal trend was found more or less
by accident and the change in starch content amounted to as much as two
Stages on the chart. This test is probably the most reliable of any tests used
ut again the trend is gradual and the diurnal change must be taken into
¢cnsideration. -

. Ethylene Content—Many research workers have shown that ethylene
Increases maturity. In “Effects of Ethylene and of Apple Vapours on the

1pening of Fruits” by F. Kidd and C. West, Food Investigation Board Report,
b. 55-58, 1932, the authors showed that ethylene production of the apple is
associated with the climacteric rise. Ethylene determinations of the tissues
of MecIntosh apples were made at Ottawa following the technique of R. C. Nelson
In “Quantitative Study of the Production of Ethylene in Ripening McIntosh
Apples,” Plant Phys. 15: 149-156, Jan. 1940. A distinct increase was con-
Sistently obtained at the commencement of the climacteric rise. Values rose
Irom near zero to 0-34 mg. per kg. Since this rise in ethylene occurred approxi-
Wately five days before ideal harvest, it was thought to have possibilities in
Measuring maturity. The technique is so complicated, howcver, that there
does not appear to be any likelihood of practical significance.

. Titratable Acidity—It is common knowledge that the acidity of apple
tissues decreases with maturity. Titrations of apple juice prior to and during
larvest indicated a definite trend. From September 10 to 13 rapid decreases
Were encountered, then a level phase was assumed for eight days followed by
ecreases. Titratable acidities can be readily obtained in the laboratory. Thus
by following the acidity content, the levelling-off phase could be determined
4nd <o provide a forecast of five days for ideal harvest. This appears to have
Promise of being a reliable maturity criterion in the hands of a maturity
Committee or where laboratory facilities are available.

Perozxidase Content of Juice—Enzymes perform a direct function in the
?dVance or retardation of maturity. It was, therefore, thought that peroxidase
ends might reveal a means of measuring maturity. From the results obtained
Peroxidase content appeared to have little or no value for this purpose.

th Refractometer Reading of Juice—The Zeiss refractometer readily indicates
a € percentage of soluble solids in expressed apple juice. These soluble solids
s‘e mainly sugars, and so the refractometer readings provide trends of the
Ugar content of apples. The sugars normally increase as maturation pro-
%:'GSSGS. The data on Mclntosh apples showed that the soluble solids trend
in?gs' the converse of th_e acidity trend. Previous to ideal harvest there is a rapid
th Tease in soluble solids f(_)llowed by a level phase. After the climacteric peak
e‘é soluble solids again increase. There was a lag of two days, however,
hWEEn the beginning of the soluble solids level phase and that of acidity.
rEa“?na shorter forecast period for ideal harvest was indicated by refractometer
gs.

an Summation—Of all the maturity tests tried, it appears that soluble solids

d titratable acidity appear to have most promise as methods of determining

48665-—123 ‘
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the climacteric in MecIntosh apples. Both are reasonably easy to apply, and
both furnish definite points in the progress of maturation of the fruit. Fig. 25
shows these trends as they are related to the respiration climacteric.
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Fig. 25—Acidity - and refractometer trends in MecIntosh apples as related to respiration rated
and ideal harvest date. Figures indicate actual readings at points shown. Respiration
in mg. COz/kg./hr.; refractometer readings as per cent soluble solids; acidity as ¢
0.1 N Ba(OH)2 to neutralize 25 c.c. juice.

Freezing Rate Studies

i .

The development of the frozen food industry in Canada presented a ya.ri_ef'}’
of problems, most of which have been dealt with elsewhere in this publication.
There remains, however, one feature of a semi-engineering nature and that
is—how long will a packaged product take to freeze?

The answer to this question is essential for good plant management aﬂ,d
to the design engineer. The marketing of poor produets or bottle-necks 1
the production line will ultimately affect the primary producer. ’

Unfortunately, the time required for the freezing of foods is not tabulated
in engineering data nor can it be calculated from laws of thermodynamics.
was undertaken along with related work to get an appreciation of the r_ules
which govern freezing rates and to tabulate data on the freezing times of various
produce for gilfferent pack sizes and types of refrigeration application.

" The various methods of freezing foods fall into three broad classifications:
(1) Immersion in liquid, gas or air; (2) Plate or surface contact; (3) Vacuu®
or seli-refrigerated. As over sixty per cent of industrial freezing is immersio?
freezing in air the greater part of this Division’s effort has been channeled 1
this direction. - .

Published data by M. MacArthur, “Freezing of Commercially Pa,ckla\ged
Asparagus, Strawberries and Corn”, Fruit Prod. Jour. 24: 238-240, Apr., 1945,
lists rates on specified produce. “Freezing Rates of Fruits and Vegetables 8%
Various Air Velocities” by W. R. Phillips, Refrig. Eng. 53: 401-403, May, 1947/
gives rates for asparagus, peaches, raspberries and strawberries. These daté
and unpublished material of other workers are at present being compiled *
separate form and will be of service to the processor.



173

In the study of freezing rates some difficulty was experienced in temperature

- recording equipment and MacArthur stated that it was necessary to replace
large surface sensitive thermocouples by small ones as the depression of
recorded temperatures below the true freezing line was too pronounced for
obtaining useful results. Original equipment consisted of a 32°F. junction
connection with calibrated ammeter readings—in latter work a potentiomneter
Connection was found more satisfactory. All observations were recorded
manually.

_Both MacArthur and Phillips supplemented electrically recorded results

Wwith actual observations on comparative packages. Phillips established a curve
relationship to show the discrepancy introduced by the use of thermocouples in
apparent shorteping of freezing time. As expected the discrepancy diminished
With shorter freezes.
. In examining the mode of behaviour in air blast freezing it is well to keep
In. mind that truly static air is incapable of any heat transfer other than the
small amount accomplished by radiation. Inasmuch as air is turbulent it is
capable of heat transfer—convection is the sole effective agent. Under normal
conditions of cooling in air a package will set up its own convection currents
and thus effect a heat transfer. The degree of development of these air currents
will depend on temperature differentials operating.

Using cut green stringless beans packaged in rectangular paper and metal
end packages, a relationship for rate of freezing as affected by air velocity was
for practical purposes established.

Plotting velocities in Lf.p.m. and freezing time in minutes it was found that
the resultant function conformed to the expression for a rectangular hyperbola:
Xy = C or Velocity x Time == Constant.

o It was found in general that three rates determined with some discretion
Were quite sufficient to ultimately calculate the freezing time for any velocity
under the particular conditions of freezing.

In general, for packaged produce, both MacArthur and Phillips reported
that air velocities up to 50 lf.p.m. were effective in reducing freezing time
and velocities over 500 1.f.p.m. tended to be superfluous. This is clearly evident
from the hyperbolic function—which becomes asymptotic on both axes.

In low velocity regions it would appear that the limiting function in the
therma] transfer was between package surface and air. At higher velocities,
According to MacArthur's findings, the insulation value of the dead air spaces
Wwithin the package becomes apparent.

This latter point has been clearly borne out in the findings of MacArthur
and Phillips on syrup and brine packs. Phillips reported reductions in freezing
time up to twenty-six per cent by the addition of syrup to strawberry packs.

acArthur continued to find reductions in freezing time on brine-packed corn

Up to velocities of 1100 Lf.p.m. It is to be noted that these reductions were
effected in the face of a much larger required B.t.u. transfer by virtue of added
Weight material to the package.

MacArthur indicated that the physiological condition of a packaged produce
18 an important factor in the consideration of freezing rates. Her findings
IShOWed that for corn, which had progressed beyond the “milk stage”, 190
{.pm, was equivalent to 550 Lfp.m. (at —20°F.) for corn in the “milk stage”.

Phillips reporting on the effect of freezing temperature and air velocity

i , ¢
Indicated a lateral shift of the f (y) = —. In general, a drop from O°F. to
X
—20°F. accomplished a 48 pler cent reduction in freezing time.
The foregoing information is based on the findings using pint (uni-walled
Paper) packages. In no case was the material construction of the container
leelf found to be a limiting factor in thermal transfer.
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An investigation of thermal transfer for the various pint packages in
popular use revealed no significant differences in single-walled containers.
However, the addition of a cellophane liner as used in some cartons virtually
doubled the freezing time.

Some work was done with air blast directly on the product. MacArthur
found that for zero freezes on strawberries, air blast on product required sixteen
to twenty-five minutes, whereas on the dry packaged product five hours and
thirty minutes was required to reduce the strawberries from 60°F. to the end
of the freeze. These are typically comparative figures and obviously show
that the former technique is far more efficient in the use of refrigeration.
Unfortunately the air blast on product technique is largely confined to lima
beans, berries and produce of a similar nature because of post freeze packaging
difficulties. ‘ )

Contact freezes have been investigated for performance in effecting heat
exchange in packaged produce. The results were the same as those for high
air velocities. This might be expected for apart from radiation (a negligible
factor) the limiting conditions are the same.

Vegetable Storage

Although fruits, particularly apples, are the main products studied some
work has been done on vegetables. Investigations have included certain aspects
of potato storage, storage of beet and carrot stecklings, celery, and studies on
the behaviour of tomatoes. :

The salient features relative to these experiments will be treated indi-
vidually according to products. '

Potatoes

Since 1942 experiments have been in progress to study the effects of tem-
peratures and humidities on the behaviour of potatoes both during and after
storage. Lower temperatures (32°F.) induced breakdewn and reduced the’
subsequent yield when planted. These and other data such as sweetening, the
effect of relative humidity on moisture retention, and varietal influence
appeared in “Low Temperature Breakdown of Potatoes in Storage” by L. T-
Richardson and W. R. Phillips. Seci. Agr. 29: 149-166. Apr., 1949.

Potato Bags—During World War II, jute was in short supply and &
substitute was sought. Paper appeared to be the most promising alternative
but the chief obstacle to paper as bagging material for potatoes was the
inherent loss of strength when moist.

Preliminary investigations revealed that the condensation which occurs oP
loading cold potatoes into warm cars or trucks was unavoidable. This meant
that the paper used for bagging would have to be strengthened. Through the
co-operation of the paper industry bags of various kinds, sizes, and types were
supplied for trial. These included rultiple-walled bags and bags with various
types of laminations, glues, and methods of seaming. The only bag whi_ch
withstood the trials was made of wet strength paper sealed with a specml
moisture resistant glue. Specifically the best type of bag was a 60-1h. (test)
kraft lined with an 80-Ib. (test) wet strength paper,:designed to hold 50 Ib.
of potatoes. The advantages of the kraft outerliner appeared to be in the
stronger seam resulting from better glue penetration of this paper and the
reduced cost of the bag. -

Storage Surveys.—For the purpose of finding information on which to pub-
lish plans and specifications for commercial potato storages, a survey wa$
undertaken in the provinces of New Brunswick and Prince Edward Island-
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After the preliminary investigations it was thought that further work could
. be conducted more effectively from the Dominion Experimental Station,

Charlottetown, P.E.I.

. The surveys which were made, although not intended to solve problems,
did reveal certain pertinent information such as the fact that with very few
€xceptions existing storages were built by rule-of thumb methods. The most
Common errors were assoclated with insulation and ventilation. In this respect
1t should be kept in mind that past practices were influenced by economies.

In storage practice it is good insurance to provide a source of heat against
the occurrence of an exceptional cold snap during the winter. However, it
was ccmmon practice to heat these storages almost continuously during the
Winter, a definite indication of inadequate insulation. To determine the damage
caused by such practices, observations were made on potatoes after being
stored for the winter in what was considered a better-than-average storage.
Loss in weight averaged 3-5 per cent with a maximum of 5-77 per cent, and
In the same storage freezing cccurred near the outside walls. By calculation
weight loss could be reduced to one per cent and freezing eliminated by
Proper insulation.

Ventilation was invariably effected by chimney vents which at best could
only change the air once every hour with a five degree differential. Properly
controlled mechanical ventilation cculd readily inecrease this fourfold and so
make temperature control more positive. Furthermore, lower temperatures
could be maintained for a longer period which would control the development
of sprouts, which is quite common after April first in present storages.

The preliminary findings along with proposed layouts of track-side storages

. are included in “Practical Potato Storage” by W. R. Phillips. Potato Section
of Addresses and Proceedings of The Ontario Crop Improvement Association,
Pp. 73-79. Feb. 5, 1945.

Other improvements to existing storages consist of changing methods of
handling and operating. This, of course, is accesscry to the main object of
storage design. It was found that as high as 25 per cent of the potatoes in
these samples had been mechanically injured. From observation most of this.
Injury appeared to have been caused in the storage itself, which shows the need
for improved methods of handling.

The intended procedure in solving these problems is to have part of a
Storage, which was originally designed for apples, converted to what is calcu-
lated to be & well insulated and ventilated potato storage. If it appears profit-
able from the standpoint of increased quality and reduction of weight loss,
Plans and specifications will be drawn up for publication.

Celery

Storage experiments on celery during 1941 and 1942 were of an exploratory
hature, Material grown on muck soil at Ste. Clothilde was used. Since the
Storage was 143 miles from the growing area this offered a transportation
Problem which materially affected the experimental results.

In spite of this handicap certain information was gleaned from the work.
Based on the percentage of marketable celery, green types appeared better
than the yellow or self-blanching types. Variety also had an important influ-
énce on behaviour. Pascal, a green type, although inferior in general quality,
Was superior in storage behaviour to Salt Lake, a second green type. Of the
Yellow types, Paris Golden Yellow (Macdonald) and Morse Masterpiece were

etter than others tried. ‘
. Air circulation within the storage room appeared to be a critical con-
Sideration in that variations from 50 to 60 per cent marketability were brought
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about by virtue of position in the room, in spite 'of using the best practical
methods of dunnaging. It would be expected that poor stacking would increase
this spatial variability.

Precooling did not provide the expected contrast. It was thought that
. this was caused by faulty experimental procedure.

The main feature learned from these results, however, was that future
storage trials should be conducted at a storage plant adjacent to the growing
area. As a consequence, precooling and storage equipment has been installed
at Ste. Clothilde, Future work relative to determining ideal storage condi-
tions for this crop is planned.

Root Crops

- Storage of Stecklings—Experiments were conducted on beet and carrot
stecklings grown in 1942 (for seed production in 1943), to determine the best
storage conditions for such crops. The stecklings were size-sorted and stored
-in orchard boxes with and without dampened sphagnum moss at 32°, 36° and
39°F. After storage the stecklings were planted, and growth and inflorescence
development observed. Various methods of cutting the stecklings, ostensibly to
promote root growth, were carried out at time of planting.

With carrots lower storage temperatures reduced loss in weight and rot
development. Dampened moss reduced weight loss at all temperatures; samples
at 32° and 36°F. lost less weight without moss than did the 39°F. sample with
moss. Larger carrots lost more weight than smaller carrots. This condition
is as would be expected. What did appear significant was that both the reduced
size of carrots and dampened moss increased rot development. ,

Based on field behaviour subsequent to storage, it appeared that the size of
the carrot is the most important factor, larger stecklings being better than small.
The best storage temperature was 36°F. (or slightly lower). Even though damp-

“ened moss increased rots in storage, this procedure did enhance growth in the field.
Cutting did not encourage root growth. As a matter of fact this practice would
appear to be harmful in that the cut surface increased vulnerability to rotting. .

Beets reacted somewhat differently in storage. Rots in the stored stecklings
were inconsequential regardless of treatment. Slight growth was noted as early
as February (carrots remained dormant throughout storage). The only significant
features were that larger stecklings had a higher percentage survival, and slight
cutting promoted root growth’and more vigorous plants in the field.

Turnmips—Intermittent studies have been made for the past four years on
turnip storage. Attempts were made to find a better wax for coating the roots
or develop a superior technique in handling. About ten different waxes and
wax combinations were tried. All had faults of various kinds; brittleness,
immiscibility with water or impermeability to CO, and Op. Therefore, nothing
has been found so far which could be considered superior to the paraffin and resin
mixture now used. Similarly no superior technique of handling was evolved.

Tomato Ripening

Fall frosts bring about an early termination of outside grown tomatoes in
many Canadian areas. The ripening of such immature fruit is then a problem
involving temperature of ripening, methods of packaging, maturity determination,
artificial ripening, and the suitability of varieties. ' .

Work on these phases of ripening the immature fruit was conducted ab
- Ottawa and at Kentville, Nova Scotia. The findings at both laboratories were 10
quite close agreement. ‘

No satisfactory method could be found for determining maturity of the
green fruit. A percentage of solid green fruit could be ripened satisfactorily but
the only guide to the degree of maturity of these particular fruits lies in the
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harvester’s judgment. That is, no workable test was devised whereby the immature
green fruits could be separated into lots that would and would not ripen in
subsequent storage.

For normal ripening, temperatures should not be permittéd to go below 50°F.
Although the fruit develops colour and is saleable if held at lower temperatures,
the flavour is lacking and soft textures develop. Even 50°F. is deleterious when
the fruit changes from green to red. Hence the fruit should be observed from day
to day and those showing colour removed to 65°F. temperature.

Such procedures provide a storage life of about six weeks without exceeding
ten per cent wastage. .

Tomatoes could be kept for & much longer period by holding the fruit for
prolonged periods at 40° to 45°F. This procedure would result in poor flavour
development, and the percentage of rots liable to develop would make this
procedure commercially prohibitive.

Gas Storage

Gas storage, frequently referred to as controlled atmosphere storage, has
been used to advantage with apples and pears in different parts of the world.
n account of the recent high demand for fruit, the Canadian fruit industry has
not, found it necessary to improve present storage practices, but this situation
1s likely to change. Gas storage would then be applied to further the retention of
quality in certain apple and possibly in certain pear varieties for more extended
periods.

) Principles Involved

The principles of gas storage have been outlined in various publications of
Phe Division of Horticulture, Central Experimental Farm, the most recent being
‘Storage of Apples” by W. R. Phillips, Farmers’ Bull. 132, 1946. Essentially, gas
Storage consists of storing the fruit in a refrigerated chamber in which the concen-
tration of carbon dioxide is controlled by ventilation.

Normal air contains about 79 per cent nitrogen, 21 per cent oxygen and .
0-03 per cent carbon dioxide with minute traces of argon, ozone, ete. (the latter
are usually ignored). Apples or other living material convert the oxygen in the air
to carbon dioxide. Thus, it is obvious that if these products are placed in a gas-
tight chamber the oxygen concentration will be reduced and carbon dioxide
Increased. The accumulation of carbon dioxide, if held within certain limits,
slows down fruit activity thereby prolonging the storage life of the fruit. The
Tesulting increase in storage life at a given temperature usually is of the order
of 50 to 100 per cent.

Since storage temperature and gas concentration generally differ for different
Varieties, one object of research in gas storage is the determination of the most
Suitable temperature and atmosphere for a particular variety. Equipment used
for establishing these data is described on p. 165.

Moking the Room Gas Tight

. After finding the best gas mixture in relation to temperature and variety,

Tals are made on a semi-commercial basis. Rooms of approximately 175-

-Oushel capacity are used for this purpose. There are three such rooms in the
rage section of the Division of Horticulture.

. Two of these rooms were made gas tight by the application of rubber base
Paints to the walls, ceilings and floors of the rooms. The third room is lined
With soldered galvanized sheet metal, crimped at the edges. This room was

esigned for subnormal oxygen mixtures which require the more efficient gas
Tetention supplied by the metal lining.
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Door Seal P

Although the previously mentioned bulletin, “Storage of Apples”, recom-
mended an inflated rubber gasket as being satisfactory for a door seal, this is
not necessarily correct. It is satifactory for normal oxygen mixtures while the
door and door frame remain reasonably true, and the gasket is lined up properly.
However, in commercial practice it is quite difficult to obtain a satisfactory door
seal with the inflated rubber gasket. Not only do wooden doors and frames warp
slightly, but modern tubing is moulded and it is much more difficult to line up
a gasket made from this modern than from the old fashioned type of inner tube.

These factors made it necessary to adopt another type of closure for the gas
rooms. The one selected, and later found satisfactory, was an aluminum plate
bolted and gasketed to an iron (boiler plate) frame.

The frame was lagged to the inner surface of the existing wooden door frame
in such a manner that two inches of metal protruded into the door opening. Felt
soaked in petrolatum was used as a gasket between the metal and wooden surfaces.

Handles on the aluminum plate facilitate placement and a plate glass window
enables inspection. Sponge rubber was used as the gasket between the aluminum
plate and the metal frame and bolting of plate and frame was done from the
outside. Bolts at six inch centers were inserted through holes drilled in the
plate to correspond with threaded holes in the frame.

Room Operation

The operation of gas storages is described in the bulletin, “Storage of
Apples”. Briefly, it consists of controlling room temperature in the normal way
and ventilating daily. In ventilating, an electric fan draws air through a duct
from the room, discharging it outside while a second duct permits outside air to
enter the room. The amount of ventilation required is determined by analysis
of the storage air by an Orsat or similar gas enalysis apparatus. If the gas
storage atmosphere is a sub-normal oxygen mixture a carbon dioxide scrubber is
an essential part of the equipment.

CO, Scrubber—If a five per cent CO, and five per cent O,, (sub-normal
oxygen) mixture is desired, the apples in a sealed room will develop the COgz
concentration quite readily within a few days. If normal ventilation is used to
prevent exceeding the five per cent level, the O5 level will continue to be too high.
In this situation, instead of bringing in outside air, the storage atmosphere is
circulated through a scrubber containing a five per cent sodium hydroxide
solution which removes the CO,. By continual scrubbings the CO2 level is main-
tained at five per cent while the apples reduce the Oy concentration to the level
required. From this point onward the O, level is maintained by ventilation.

Difficulties Encountered

By virtue of air leakage, sub-normal oxygen mixtures were more difficult
to maintain than normal mixtures. In this respect it can be assumed that it is
practically impossible to obtain an absolutely gas-tight room. Other workers
have found by experience that the best that can be hoped for is 95 per cent
gas tightness. The smaller the room the more important gas tightness becomes
since the ratio of fruit quantity to room surface (floor, walls and ceiling) 1f
reduced. In the metal-lined room at the Division of 'Horticulture this ratio
amounted to 1 bushel to 3 square feet of surface. (Commercial storages would
run about 1 bushel to *75 square feet of surface.)

The metal lining in the room was thoroughly tested for leaks. This was
done by blowing smoke (titanium tetrachloride) through a small hole in the metal
lining. Leaks were detected where smoke came back into the room. The leaks
were sealed, and CO> was allowed to flow into the room until the atmosphere
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was an 8 per cent CO, concentration. Day-to-day analyses of the room
atmosphere indicated that the seal was 98 per cent efficient.

Even with this degree of gas-tightness it took somewhat more than six weeks
to reduce the O, to five per cent. In commercial storages the five per cent Og
level should be reached in two to three weeks at the most. A ratio of one bushel
per square foot of surface or less should quite easily accomplish such result with
the same degree of gas tightness.

Basically, the reasons for requiring more effective gas tightness with sub-
normal Q. mixtures are:

1. The greater differences between outside and inside Op (21 to 5 for sub-
normal O, and 21 to 16 or 14 in normal Op mixtures);

2. Scrubbing out CO. induces negative pressures within the room, creating
pressure differentials, and so inereases the tendency for air to leak inwards.

General Results

Since 1933 in the trials on varieties suitable for gas étorage, high quality is

‘retained for a longer period in gas storage than in ordinary storage at the same

temperature. Moisture loss as indicated by shrivelling or shrinkage of the fruit
1s reduced by gas storage. This reduction is brought about.by the confined nature
of such storage.

On the other hand excess carbon dioxide may cause CO, injury. This injury
may be internal or external. Illustrated descriptions of these disorders are shown
12% “Functional Disorders of Apples” by C. A. Eaves and H. Hill. Tech. Bull.

, 1940.

The choice of gas mixture, therefore, lies between the mixture providing
maximum storage life and that which might cause CO, injury just as the choice
of temperature lies betweeen that which is low enough for maximum storage life
but not low enough to cause freezing or other low-temperature injury.

. On the basis of experiments since 1933 fruit tolerance to gas storage mixtures
18 influenced by:

1. Temperature,

2. Maturity;

3. General condition of the fruit which in turn is influenced by grow-
ing conditions, and
4. Variety.

The Influence of Temperature

It is now accepted that temperatures from 38° to 40°F. should be used in
conjunction with gas storage. This possibly stems from the original function of
gas storage in the United Kingdom where it was developed. Many varieties of
apples which are susceptible to low-temperature breakdown at or near 32°F.
Storage are grown in that country. Gas storage solved this problem since these
Varieties could be gas-stored at higher temperatures and still have a reasonably
long storage life. Moreover, the higher storage temperatures eliminated the
danger of low-temperature breakdown.

At Ottawa, indications are that some varieties can be gas stored to advantage
at 32°F., but tolerance to CO, is reduced at the lower temperature. This is

-Usually of the order of two to three per cent; for example, McIntosh will tolerate

5 to 8 per cent CO, at 39°F., but concentrations in excess of five per cent are
llatgle to cause damage at 32°F. This relationship was found to apply with other
Varieties. :

Because most apple storages are designed to operate at or near 32°F. the use
of a 39° to 40°F. temperature for gas storage would present complications. Where
More than one room exists in a storage plant it would probably mean more insula-
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tion and independent control of temperature for the room being converted to
gas storage, but this would not apply in all instances.

Another complication concerned with commercial application, although not
one of temperature, is the conversion of the forced air circulation type to gas
storage. The only two apparent solutions for this situation are (1) an independ-
ent circulation device for the converted room or (2) circulation of refrigerated
air around a metal type room (or large box) built within the main storage room.

The Influence of Maturity

It is apparent that metabolic drift during ontogeny has a considerable
influence on susceptibility to gas storage injuries. MeclIntosh when harvested in
the pre-climacteric stage develops considerable external and internal CO, injury.
In preliminary studies, using seven per cent CO, and 14 per cent O, at 39°F,,
the highest percentages of apples affected were:

B3 S A o3 1) 34%
Second pick . ...t e 10%
Third PIeK ...ttt i i it et et iee et eearnneeraaaans 0%

There was a tendency for smaller fruit to be more susceptible to injury than
larger fruit in second pick material. On the basis of maturity records the third
pick could be considered ideal maturity; i.e., harvested almost at climacteric peak.

In other studies conducted in semi-commercial rooms scald and external COq
injlury when present were more pronounced on fruit with the ‘greenest’ ground
colour.

With Bartlett pears, however, susceptibility to gas storage injury increased
with advanced maturity. Pears had to advance to a stage of maturity well
beyond what would be considered suitable for ordinary storage before gas storage
injury would develop.

In general, the correct maturity for gas storage in all fruits is the same for
both gas and ordinary refrigerated storage. In other words, the maturity which
provides highest quality and best storage also provides the maximum resistance
to gas storage injuries. The important feature is that an error in maturity may -
- result in more injury to fruit in gas storage than to fruit in ordinary refrigerated
storage.

It should not be overlooked that the injury discussed is specifically carbon
dioxide or gas storage injury. The effect of gas storage as related to other injuries
will be discussed later. ’ :

In further studies on maturity versus CO, injury, McIntosh apples were
subjected to high concentrations of CO, at one or another stage of storage ab
39°F. as follows:

(A) Ascending CO,. Started at three per cent CO, and 18 per cent Oz;
the CO, was increased and O» decreased at the rate of one per cent every two
weeks until 11 per cent CO, and 10 per cent O, was reached and this was main-
tained until the end of storage.

(B) Descending CO,. Converse of (A), starting at 11 per cent CO, and
reduﬁeg at the rate of one per cent every two weeks, until five per cent was
reached. -

(C) Peak COy. Started at five per cent CO, and 16 per cent O ; increasing
CO, and reducing Oz by one per cent steps to November 15, at which time 11 per
cent CO, and 10 per cent Op was reached. After being held at these concentra-
tions two weeks the CO, was decreased and O, increased by one per cent steps.

Treatment (B), high CO, concentration at the beginning of storage life, was
the only one producing any injury. This bears out previous findings to the effect
that tolerance to gas storage injury increases with maturity. In other words,
apples were more resistant to gas storage injury in the latter part of storage life-
This increase in tolerance appears to continue until the end of storage life.
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The Influence of Growing Conditions

Orchard practices which affect the growing conditions of apples influence
the storage behavior of the fruit through their indirect effect on the progress of
maturity. ‘ 4

Critical observations along these lines were not made to any great extent in
gas storage work. Information which might be relevant, however, was gleaned
from the gas storage of apples from plots which had consistently produced high
core flush. One plot receiving high quantities of sulphate of ammonia developed
38 per cent core flush in ordinary storage at 32°F., but in gas storage of 7 per cent
CO, and 14 per cent O, at 39°F. this was reduced to four per cent. Another plot
receiving sulphate of ammonia with additional phosphorous produced 16-6 per
cent core flush which was reduced to zero per cent under the same gas storage
conditions as for the previous plot.

When growing conditions are such as to produce core flush, this disorder in
MeIntosh is more severe at 32°F. than at 39°F. When such low-temperature
reactions exist, gas storage is instrumental in controlling the disorder with no
“further loss in other storage properties.

The Influence of Variety

Varietal influence on storage hehaviour is probably one of the most important
factors in gas storage. In preliminary studies the tolerance of certain varieties
to gas storage conditions was nil while other varieties tolerated GO, concentra-
tions as high as 11 per cent without damage. It appears, however, that 7 per
cent CO, and 14 per cent O, at 39°F., which might be regarded as a ‘compromise’
gas mixture, is suitable for most varieties amenable to gas storage.

From a commercial standpoint, it is often expedient to store different varie-

« ties in the same room. Although the effect of such conditions in a gas room have

not been studied, studies have been made on mixed varieties in five-gallon cans,
using the preliminary gas flow technique. Fameuse, McIntosh and Golden Russet,
selected because they matured at different times, were stored together. No differ-
ence in effect was noted when storage in separate compartments was compared
with storing together.

Another aspect of gas storage is that it may be used commercially as a
corrective for storage disorders. It has been mentioned previously that gas
Storage at 39° to 40°F. has been used elsewhere for varieties susceptible to low- -
temperature breakdown in ordinary storage at 32°F. Most Canadian-grown
varieties do not suffer in this respect. The two most outstanding exceptions are
Cox Orange Pippin (a variety planted in Nova Scotia for export purposes) and
MecIntosh when harvested or grown under conditions which induce core flush. In

th varieties gas storage at 39°F. is effective in controlling the disorders which
Oceur when stored at a low temperature. : ‘

_ Certain varieties are susceptible to superficial scald. In these varieties gas

Storage is liable to increase the amount of this disorder. Even a variety like

cIntosh which does not develop superficial seald in ordinary storage is liable

to suffer seriously when gas stored. It is recommended that practically all varie-

ties be protected by an oil paper wrap or at least packed with shredded oil paper.

As an example of what may happen the following percentages of superficial scald

Were found at the end of the storage season (March 17) after gas storage with 7

. Per cent CO, and 14 per cent O, at 39°F. ‘

No Protection .......oovviriiniiiriiiriirnenireirrenenennnss 98% scald
Shredded 01l PAPEr ...eiiiiiiiereririeirraenrsensnenennns 14% scald
Oil paper Wrapped ... ..viviiiniiiiiirra i aaane, 0% scald

Specific information on varieties compatible with gas storage is outlined in
the aforementioned Bulletin 132.

The essential data in this respect are as follows:

McIntosh.—A five per cent CO, and five per cent or 2:5 per cent O, mix-
ture at 39°F. is best. However, a 7 per cent CO, and 14 per cent O, mixture
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produced good results. The latter has the advantage of being an easier gas mix-
ture to maintain. Trials have been made with a 5 per cent CO, and 16 per cent
O» mixture at 32°F,, but the findings indicate that these last conditions are some-
what hazardous.

Cox Orange—This variety suffers from low-temperature breakdown at
temperatures from 32° to 36°F. At higher temperatures the storage life is limited
by advanced senescence at about December 15. A five per cent CO4 and five per
cent Oy gas mixture at 39°F. extended storage life to the end of January. A possi-
ble compromise is a five per cent CO, and 16 per cent O, mixture at 39°F. until
December 1 followed by ordinary storage at the same temperature. Such storage
would make this variety available for the Christmas market. Unlike MeIntosh,

Cox Orange increases in susceptibility to gas storage disorders near. the end of
storage life.

Golden Russet—A five per cent CO, and 16 per cent O, gas mixture at 32°
to 33°F. was best for this variety. Shrinkage characteristic of this variety, and
quality loss were controlled until April 1 by gas storage.

Lobo.—In preliminary trials Lobo did not give very satisfactory results in
gas storage. However, when packed at the correct stage of maturity good results
were obtained with a 9 per cent CO, and 12 per cent O, mixture at 39°F. Based
on ground colour, the correct maturity was #1 on the starch content chart
referred to on page 171. Slight deviations from this standard increased sus-
ceptibility to gas storage injury considerably.

" Gravenstein—This variety has been tried out in preliminary gas flow studies
only. A 10 per cent CO, and 2-5 per cent O, mixture at 39°F. was best.

Fameuse—Gas storage had a tendency to produce a woody texture in Fam-
euse. A five per cent CO, and 16 per cent O, mixture at 39°F was best.

Northern Spy.—Responds well to 7 per cent CO, and 14 per cent O, if not
too mature. With maturity beyond a starch test of 3, the variety is liable to
injury. '

Delicious—Not suitable for gas storage. Low oxygen (2-5 to 5 per cent)
in the absence of CO, was beneficial in preliminary tests. However, it is doubt-

ful if the effort necessary to maintain this mixture would be justified by the
results.

Cortland.—This variety must be fully matured if it is to be gas stored. With
a ground colour of 5 and starch test in excess of 5, good results were obtained in
7 per cent COy, 14 per cent O, at 39°F. If less mature, a five per cent CO, and
16 per cent Op gas mixture is suggested. If immature, gas storage is hazardous.

Bartlett Pears—In the prolongation of storage life and in quality retention,
Bartlett pears showed a greater response than any of the apple varieties tried.
The mixture tried on a large scale was 7 per cent CO, and 14 per cent O, at 32°F.
Preliminary trials of a sub-normal mixture of five per cent CO, and five per cent
O, indicated that this mixture would give even better results than the normal
mixture used on a large scale. However, the present production of this erop does
not meet the immediate demand. Therefore, until such time as production is
increased, there is little necessity for commerecial gas storage.

Ordinary Storage

The storage life of fruits and vegetables in their natural state (i.e., unpro-
cessed) is terminated by (1) fungal invasion, (2) physiological disorders and (3)
loss of quality. These factors are in turn influenced by both pre-storage and
storage environment. Hence it is frequently necessary for the storage investiga-
tor to consider conditions associated with orchard practices as an explanation
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for certain storage problems. Conversely, investigators concerned with orchard

- problems have to consider the storage behaviour.

Thus, it is obvious in the treatment of storage problems that close liaison
has to be maintained between the storage and orchard. Such a-treatment of
storage problems would become involved, confusing and beyond the scope of this
section of the report. Hence the treatment of pre-storage aspects will be left
to other authors. Reference will be made to these pre-storage aspects only when
referring to published information and when needed for continuity of context.
This will apply particularly to the section dealing with physiological disorders.

Fungal Invasion

Apples are said to have reached the end of storage life when the percentage
of unmarketable fruit has increased to a point where further storage becomes
unprofitable. Therefore, the determining factors causing fruit to become
unmarketable are the bases of most storage investigations. One such determining
factor is fungal invasion. ‘

Organisms other than fungi, such as yeasts and bacteria, may be found on
apples; but only rarely do these attack the tissues.

At this Division the original investigation work relative to fungal invasion
Was published under the title, “Cold Storage Problems with Apples” by M. B.
Da‘yis and D. 8. Blair, Sci. Agr. 17:105-114. Nov., 1936. The types of fungi and
their prevalence at various storage temperatures are discussed. It has been
shown in both this publication and in “Functional Disorders of Apples”’, by
C. A. Eaves and H. Hill, with illustrations by Arthur Kellett. Tech. Bull. 28,
May, 1940, that orchard fertilizer applications have an effect on fungal rot
development in storage.

More recently, attempts have been made to curb the distressingly high per-
centage of fungal rots oceurring on Linda apples. These attempts may be more
or less resolved into three patterns of procedure; (a) fumigation, (b) application
of a fungicide to the apple surface and (c) impregnation of the fungicidal material
Into the wrap. Of the three techniques listed only the latter two (b and ¢) have
led to any measure of success. Application of fungicides to apple surface has

een confined to dipping in water-soluble reagents. The following compounds
on preliminary test showed marked reduction of rot: (I) bordeaux mixture, (II)

_ Copper-oxy-chloro-sulphate plus lime, (III) ferrie dimethyl-dithiocarbamate plus

lime, (IV) sodium orthophenylphenate and (V) calcium propionate.

Conjunctive laboratory tests to evaluate fungicidal activity revealed that
there is little likelihood of the above copper compounds being used because the
lecessary concentrations appear to be well above public tolerances.

Moderately volatile organic compounds and metal-organic compounds which
are alkaline in nature appear to offer the most likely control.

_In type (c), ortho hydroxybipheny! dissolved in sunflower seed oil on a

Weight ratio of 8 to 200 and impregnated in apple wraps in the quantity of 0-2

. BMm./sq. ft. gave the best results. Preliminary tests gave a 70 per cent reduction

of rots.

P hysiological Disorders

. Descriptions and methods of control of physiological disorders are contained

In “Funectional Disorders of Apples”, Tech. Bull. 28, May, 1940. This publica-

tion indicates the importance of these disorders in storage through a description

O the varietal, orchard and storage effect upon their prevalence and occurrence
Uring and after storage.

Core Flush.—More investigational work has been conducted with -core flush

8t the Division of Horticulture than with any of the other physiological disorders.

¢ reason for this is that core flush is the most usual disorder occurring in
Melntosh, the most extensively grown Canadian variety.



184

Earlier work, reported in the previously mentioned publications, has shown
that variety, maturity, storage temperature, and orchard treatments all have an
influence on core flush development. Low storage temperatures, immaturity at
harvest and high nitrogen fertilizer were the main contributing factors in
Meclntosh. The Fameuse variety reacted somewhat differently in that higher
storage temperatures and senility appeared to be contributing factors. These
factors suggest two different circumstances under which core flush might develop.
In MecIntosh it seems to occur when physiological behaviour is abnormal whereas
in Fameuse it is principally associated with the normal onset of senility.

Core Flush and Quality.—On the basis of these early findings it was thought
that a measurement of core flush incidence in McIntosh would provide a reliable
indication of storage quality. Unfortunately, only a very weak correlation was
found between these factors; quality variation was indicated by only extreme
differences in core flush values. However, inasmuch as core flush is sufficiently
serious in itself, it has a definite value in measuring storage behaviour.

Cultural and Storage Practices—Using core flush as such an index, it was
found from storing apples grown in the nutritional plot at Chateauguay that the
original findings relative to the influence of pre-storage factors were substan-
tiated. Where high nitrogen was applied, core flush was heavy, but this was
reduced somewhat when phosphorous was applied with high nitrogen. Samples
;flmlﬁ injected limbs suggested that calcium also reduced the susceptibility to core

ush. ,

Apples were selected from some of the most susceptible plots, and core flush
development was observed during storage life. The pattern differed from year to -
year in that in some instances 36°F. was worse than 32°F., but usually at 32°F.
there was more core flush. Curves based on development trend throughout storage
indicated that once core flush started within a sample its development was very
rapid, in some instances as high as two per cent per day until maxima were
reached. By statistical sampling studies reported in “A Study in the Variation
in Keeping Quality of Apples in Store” by T. N. Hoblyn, Jour. Roy. Stat. Soc.
Suppl. 5:129-170, 1938, it was shown that the coefficient of variability within -
samples was extremely high wuntil core flush development reached 40 per
cent. It is possible that this initial stage represents rapid increment of core
flush, and that temperature discrepancies may be attributed to making measure-
ments during this stage. These trends also showed some differences in rate of
increase between samples of different susceptibilities. In other words, examina-
tions at different points in the storage life would indicate that one lot would be

“better than another, while at another time the same lot would be worse than the
other. In general, however, samples of greatest susceptibility would show greatest
increase in core flush development until the maxima were reached. These factors
suggest that to provide a complete comparison it would be advantageous to follow
development trends during storage life.

Maturity at Harvest—Harvesting McIntosh at the correct stage of matur-
ity was found beneficial. Frequently, however, holding apples on the tree, par-
ticularly in “high core flush” orchards, is hazardous. As a matter of fact the
fruit may never reach correct maturity. Apples of this type were stored at 39°F.
for thirty days-and were subsequently stored at 32°F. When examined after 147
days of storage the core flush index was reduced from 46 to 6. Thus delayed
storage, although not generally recommended for obvious reasons, may be use
for controlling core flush in susceptible fruit.

Observations made on McIntosh apples grown on nutritional plots in the
Northumberland-Durham area in Ontario provided very complete evidence on the
effect of picking maturity and temperature on core flush development.
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Summary of these detailed findings is therefore presented in Table 39. Plot 1 pro-
duced apples highly susceptible, plot 2 moderately susceptible, and plot 3 only
slightly susceptible to core flush.

TABLE 39.— TEMPERATURE OF STORAGE AND PICKING MATURITY EFFECT ON CORE-
FLUSH INDEX OF McINTOSH APPLES GROWN ON NUTRITIONAL
PLOTSIN THE NORTHUMBERLAND-DURHAM (ONTARIO) AREA

Temperature Effect Maturity Effect (at 32° F.)
Core Flush Core Flush

Storage °F. Index ' Maturity Index
39 10-2 1 87-1
36 42-4 2 69.5
32 50-0 3" 86-9
39 0 1 11-8
36 2.9 2 17-2
32 7-9 3 2.5
39 0 1 16-1
36 1-5 2 88
32 54 3 1-7

... 1t can be seen from these data that 39°F. controls core flush when suscepti-
blllty is not too great; also advanced maturity reduces core flush. What should
Ve noted is that delaying harvest does not exert much control when the suscepti-

llity to core flush is as high as exists in plot 1.

¢ Influence of Boron—MeclIntosh apples from plots receiving various boron
\r,e!}tments were stored and core flush developments observed. The results appeared
* 33 “The Effect of Boron Applications on the Subsequent Storage and Physiologi-
¢al Behaviour of McIntosh Apples” by W. R. Phillips and F. B. Johnston, Sci.
Agr. 23:451-460. April, 1943. Essentially the findings were that boron increased
ore flush development (although controlling corky core). Respiration and
Sthylene content trends revealed that the boron treatment delayed maturity.
elayed harvest reduced .the subsequent development of core flush. However,
€ reduction in core flush was not proportional to retardation in maturity.

¢ Influence of Growing Area—Once'having exhausted probable means of con-
tml of core flush by harvesting and storage procedures, it was planned to study
e effect of growing area. Samples of Mclntosh apples were drawn from the
;naln apple growing regions across Canada. An attempt was made to procure
8mples representative of each particular district. In this way it was felt that
8ny differences in core flush would be a composite effect of weather, general soil
YDe, fertilizer, pruning and other cultural factors peculiar to the district.

1 As expected, maturity at harvest exerted a profound influence. In each area
““,t'el" harvesting delayed core flush. Another interesting point was that a definite
est to East trend existed, as shown by examining apples stored to J anuary 29

f0111ch had been harvested at approximately the same stage of maturity as
ows: ‘

Area Core Flush Index
Okanagan (B.C.) ...viivniuniiieirreneenreneerireeeninrnrensenassns 77-3
Northumberland-Durham  (Ont.) .. ..ovtiieririeenrneneernrnsennnns 16-1
St. Lawrence River (Ont.) ...cooiiiineiiiiiiiiiinieniiiiinnennnne.. 47-0
St. John River (N.B.) iviiieiriiieirerienerrenirirrnersernrernennns 0-7
Annapolis (N8, .iiuiiiiriieterinneiereneroseonenssenseassnennesnns 0-0

Wit purrent work on the influence of growing area involves more intensive studies
£ hin the area. It is hoped that such work may reveal probable contributing
0rs associated with growing conditions or climatic factors within the area.
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Superficial Scald

A description of superficial scald as well as the contributing factors are out-
lined in “Functional Disorders of Apples”. Since these findings have a bearing
on subsequent work they are summarized as follows:

1. Immature apples are more susceptible.
2. Lower storage temperatures induce superficial scald.

3. Odourless mineral oil impregnated into a paper wrap or shredded
packing paper reduces the amount of this disorder.

4. Air circulation exerts a controlling influence,

Subsequent efforts were designed to find more effective and more easily
applied controls as well as to make a more accurate evaluation of present contr(}l
measures. For such an approach, some knowledge of the fundamental physiologi-
cal principles had to be considered. .

Many workers have induced superficial scald with acetaldehyde, amyl ace-
tate, and other volatiles. It is also felt that acetaldehyde is tied up directly or
indirectly with ethylene production. When apples are exposed to low tempera-
tures or when allowed to proceed towards senility, the form of metabolism
changes from normal aerobic to what appears like anaerobic metabolism, It 18
characteristic that during the anaerobic phase volatiles are liberated. If these
are allowed to accumulate at the skin surface the cells are damaged.

Thus, the principle of methods of control is to reduce the concentration of
these volatiles at the skin surface. This has been accomplished by an absorbent
(oil) or by air circulation. ‘ :

Many tests were made to compare the effectiveness of oiled wraps an
shredded oiled paper. Such varieties as McIntosh, Fameuse, Baldwin, Rhode
Island Greening, and Wagener, were used. In every instance the wrappe!
was considerably more effective. On an average the shredded paper range
from 60 to 70 per cent as effective as oiled wraps. The effectiveness of the oiled
wrap in most instances was over 90 per cent (i.e., less than 10 per cent of apple
were affected with superficial scald). - L

Tests were made to determine the quantity of shredded oiled paper requlred
for MecIntosh. Effectiveness of control increased by using varying amoun
up to 4 lb. of shredded oiled paper per bushel. Amounts over this showed no
increase in control. .

During one series of tests, it was found that wrapped apples were taint_ed'
On investigation the taints were attributed to the use of old wraps. Considering
the absorbing properties of the oil, it is natural that wraps will eventually pi¢
up odours particularly if they are not kept in a sealed container. Subseque?
tests definitely showed that apples wrapped in old wraps were tainted, wheress
those in new wraps were not. Thus it would appear advisable to use freshly
made wraps each year. h

- Although superficial scald appears fairly late in storage life and althous
it frequently becomes evident only after removal from storage, it is felt'tl}”
the actual damage is caused early in storage life. As a means of ascertalf}ln%
this point Rhode Island Greening apples were wrapped at different per10
during storage life. This variety was selected because of its high susceptiblht)"
To make contrasts more decisive, immature fruit was used. Three series of
apple samples selected at random were made up as foflows: .

Series 1: All samples wrapped at outset of storage, unwrapping one sample

every two weeks for a sixteen-week period. e

Series 2: All samples unwrapped at outset of storage, wrapping one samp

every two weeks for the same period as in Series 1.

Series 3: At the outset and thereafter at intervals of two weeks for sixtee?

weeks samples were wrapped for a six-week period only.
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The results of these tests indicated that the most effective control was
obtained by having a wrapper in continuous contact. Almost as effective control
was obtained by wrapping during the first two months. In Series 2 there
appeared to be two critical points. A delay of four weeks before wrapping
apples produced an increase of superficial scald at the end of six months’ storage.
No further increases were noted in samples wrapped up to ten weeks, but
apples wrapped after this time had as much superficial scald as the unwrapped
control sample. Thus, it would appear that for best results the oiled wrapper
(or shredded paper) should be applied before storage. If not wrapped prior
to ten weeks in storage, little or no control may be expected.

The apples used in these tests were classified into four groups on the basis
of superficial scald, viz., free, slight, moderate and severe scald. A eritical
examination of these groups indicated that the severely affected apples tended
to be those which were large and hard, and the moderately affected tended
to be those which were large and immature (based on percentage yellow).
Results were as follows: ‘

Seald free ...... 50 per cent vellowed, 10:70 lb. pressure, 2-58” diameter
Shight scald .... 38 per cent yellowed, 1075 Ib. pressure, 2-59” diameter
Moderate scald .. 15 per cent yellowed, 11-05 lb. pressure, 2-71” diameter
Severe scald .... 16 per cent yellowed, 10-91 Ib. pressure, 273" diameter

_Air Filtration.—Among the more recent methods of controlling scald, the
activated charcoal system appeared promising. Canisters designed by Dr. R. M.
Smock of Cornell University and the Connor Engineering Co., New York, were
Used. Four canisters were located in a room of 1400 cubie feet. A blower
fan forced air from the storage room through these canisters at about 55 c.f.m.
(q.bout one change of air in 25 minutes). This air was distributed by a duct
g]'thh topenings on either side, extending the length of the room at ceiling

eight.

Originally the canisters contained brominated charcoal. This material
gummed up, causing deterioration of the canisters. On the advice of the
designers, canisters of special type and size containing plain activated charcoal
Wwere substituted. Still later the fan was changed to pull the air instead of
blowing it through the canisters. These modifications weré a mechanical
Improvement with no reduction in effectiveness.

The first year’s work (original design) was conducted with Rhode Island
reening apples. The room was filled to approximate capacity (about 200 bu.)
Wwith these and other varieties. The canister air circulation method did not
€xercise appreciable control of superficial scald. Unwrapped apples packed in
"ampers had an index of 58 as compared with 82 in ordinary storage. Oiled
Wraps reduced the latter index to 0-7. Unwrapped apples stored in open trays

ad an index of 0-6 in the canister room against 2-9 in ordinary storage.

Although in these tests this method did not effectively control scald, there
are other commendable features such as the reduction of taints and odours.
ett,hallso a(,ppears to prolong storage life (presumably through the absorption of

Yiene).

. Ot Dipping.—Recently, attempts have been made in Europe and the United
Kingdom to control superficial scald by dipping apples in o0il emulsions.
Dvestigations were made at the Division of Horticulture to study such methods.
Initially, Rhode Island Greening apples at a storage temperature of 32°F.
Were. used. Sunflower seed oil was selected on the basis of being a stable,
Telatively neutral-flavoured edible oil produced in Canada. Two emulsifiers
Were used: Nacconol (alkyl-aryl-sulphonate) and Unemul (a form of aluminium
gg‘;df). Unemul appeared more satisfactory from a practical application stand-
nt,
. Emulsions from two to 100 per cent were used, and all proved very effective
' controlling superficial scald. Emulsions over 124 per cent were noticeably
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oily but not objectionably so. One unfortunate feature was a lenticel injury,
which was similar to external CO, injury (described in “Functional Disorders
of Apples”). Further investigations are being conducted to ascertain the cause
of this injury.

Other Types of Physiological Disorders

In addition to core flush and superficial scald, there are other disorders
probably equal in importance. Major experiments have not been conducted on
these because control and cause have been obvious or because they have been
80 inconsis@ent in occurrence that a study of the disorder would be futile.

Low-temperature breakdown occurs occasionally in the form of deep or
soft scald. This has occurred on Northern Spy and Wealthy. Other varieties
such as Jonathan which are not grown to any great extent in Ontario and
Quebec, are also susceptible. Soggy breakdown, another form of low-temperature
breakdown, is not common on Ontario and Quebec apples. :

When such low-temperature disorders occur consistently, as with Cox
Orange Pippin grown in Nova Scotia, as has been shown in a previous section,
gas storage at higher temperatures (39° to 40°F.) is an effective control.

. Water-core and Bitter-pit are disorders associated with orchard conditions
which often increase in storage. The former disorder, if only slight, will
disappear in storage. If severe it will increase and predispose the apple to
internal breakdown. Such apples should be disposed of as quickly as possible
after harvest. Bitter-pit, as an orchard disorder, is dealt with in the physiological
section of this report by H. Hill. So far as storage observations are concerned,
careful elimination of pit-infected apples at harvest or shortly after will preclude -
the further development of this disorder. There has been no known case of
It;itter-ltait' oceurring in storage from trees that had no evidence -of pit ab

arvest.

Lenticel spot frequently occurs on certain varieties, mostly when the apple
is senile and actually worthless. Linda is an exception. Experiments now ur_lde,l;,
v(v:auy1 8011) this variety have been discussed previously under “Fungal Invasion

p. 183).

Cortical Flushing is a problem frequently encountered with Newton apples,
a variety grown mainly in British Columbia. From experiments conducted at
various temperatures it is best controlled by low temperature (32° F.) storage
At this temperature it occurs only when the fruit is well advanced towards
senility. Unfortunately, low temperatures are inclined to induce core flush 1B
this variety.,

. Internal breakdown is a broad term and has often been used for,seversl
different types of physiological storage disorders. Most commonly interné
breakdown is used to indicate breakdown associated with senility. If an apple
passes through all the normal stages of maturity and is sufficiently fortunate
to avoid fungal infection, it will eventually lose its aromatic flavour and acidity,
become mealy in texture, and senile breakdown may possibly occur before the
apple has quite reached the above stage of advanced maturity; but in most
instances the fruit is so far advanced in senility that it is unmarketable-
From an investigational standpoint, a senile breakdown measurement provides
a datum for measuring ontogenetic advance in storage. Likewise the presence
of senile breakdown is used to indicate the general condition of commercid
samples submitted for diagnosis.

Loss of Quality

Quality Evaluation—The third limiting factor in storage life.is quality:
gxfli{or%unately quality is somewhat indefinable making definite measuremen
ifficult. .
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The general transition of quality is that flavours proceed from starchy
- acidic to sweet aromatic, followed by general degradation to insipidity, and
finally, to objectionable mustiness. Parallel to these changes is a transition
of texture which is a general softening, passing from hard, lumpy textures
through crisp, soft and ultimately to mealy conditions. v
Attempts have been made to measure these transitions by chemical and
other means, To date nothing has been found to replace the somewhat biased
and prejudicial organoleptic method. Some of the methods used for measuring
quality transition in storage are as follows:

Pressure Test—In storage, pressure test readings show a general decline

and so have certain value in measuring quality trends. The weakness is,

- however, that the transition is gradual and does not bear a direct relation to

the quality in all instances. Tasting reveals greater differences than is measur-
able by pressure tests. :

Acidity Trends.—Titratable acidity (using standard Ba(OH), against a
known volume of extracted apple juice) provides a general downward trend in
Storage. Like pressure-test readings this trend is also gradual. Poor storage
McIntosh showed a more rapid fall in trend than good storage apples indicating
& degree of relationship, but this was not sufficiently definite to provide an
absolute indication of quality. '

Soluble Pectin—Other investigations have recently indicated that quality
trend is associated with soluble pectin changes in storage, hence investigations
of this hature have been initiated. The results so obtained are reported in
another section. One criticism of such methods is lack of specific knowledge
on the behaviour and nature of pectins. This has caused many unexplainable

. discrepancies in the technique of the determinations.

Organoleptic Tests—Originally an attempt was made to have weighted
values for the various features associated with quality. This is outlined in
Storage of Apples”, Farmers’ Bull. 132, 1946. This method of evaluating quality

as been modified to a certain extent. Instead of making deductions on a score
sheet for deleterious factors as was done originally, it was decided to give a
Specific score for definite quality characteristics. This was done primarily to
co-ordinate quality scores at this laboratory with the scores of other Department
of Agriculture investigators of apple storage problems. Sufficient records have
not ag yet been compared to see how it is going to work out . From preliminary
observations, however, three independent scorers came within five per cent on
an identical (as far as could be procured) sample,

Such methods of measuring quality are satisfactory in the hands of
S8pecialists only. Less complex methods have to be used when resorting to
taste-panels. It might be said here that, on the whole, taste-panel procedures
did not prove very satisfactory. In instances where public reaction has been
Sought, best results were by an overall general taste reaction. A ‘special type
of score sheet was given to each member of the panel; each sample was identified

¥ a number and alongside this number was a four inch line with “good” marked
on the left and “bad” on the right of centre. Each taster placed an X on

e line proportional to his estimate of quality between ‘“‘good” and “bad”.

¥ calibrating this line numerically, quality figures have been obtained which
Jear a fair degree of consistency.

Results of Quality Studies
At no time did the quality of McIntosh exceed 90 per cent at 32°F. as
Compared with 100 per cent at 36° or 39°F. At 39° F. maximum quality
00 per cent) was maintained for a four-week period (middle of October to
middle of November) after which it fell off very rapidly. At 36° F. the approach
0 full quality was slower, lasted slightly longer (November 1 to December
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10), and was followed by a slightly less rapid drop. At 32° F., although 100 per
cent quality was not reached, the apples were over 75 per cent quality for -
34 months (November, December, January and part of February). From observa-
tion it appears that texture is favoured at lower temperatures whereas flavour
develops more fully at higher temperature.

The most important contributory factor in quality is harvest maturity.
With MecIntosh, later harvest is definitely conducive to high quality. This
applies in general to other varieties except those varieties which are inclined
to hold on the tree until their quality peak has passed. On one occasion,
Northern Spy had a slightly lower eating quality with later harvest, even
though the appearance was better. As an example of the influence of maturity,
the mean quality of McIntosh apples from all Canadian growing areas at or
near the end of storage life was as follows:

Maturity 1 .oeriiiiii i it it it e 498
Maturity 2 .oieiiiniiieaiai it 60.2

Maturity 2 was harvested one week after maturity 1 in all samples.
Examination of the apples showed that maturity 2 could have been harvested
still later and so produce further gains in quality. In areas where quality
was highest the difference in quality of the two maturities exceeded 24 per cent.

Nutritional conditions also influence quality. Three plots in the North-
umberland-Durham area which rated high (Plot 1) intermediate (Plot 2) and
low (Plot 3) in relation to core flush, which was previously shown to be influenced
by orchard nutritional conditions, rated in quality as follows:

50 1< 40%
R g%o
............................................................. (4

As previously mentioned, this precise association between core flush and
quality does not always exist.

Miscellaneous Investigations

Packaging

The object of packaging investigation with apples was to design a con-
sumer package which could be packed at production centres. Several sizes
ranging from one gallon to half-a-bushel were tried. The various difficulties
encountered eliminated all €xcept the half-bushel. Specifically, this was &
90-pound test corrugated carton with waxed liner. This container has been
adopted by the trade (although frequently used without the liner) and has
proved satisfactory. Further details and descriptions of packages and pack-
aging work with apples were reported in “Packaging Investigations: Where Do
We Go From Here?” by W. R. Phillips. Food in Canada, 4: 26-35. Sept.,” 1944.

Other investigations designed to find a more suitable package for peaches
have been conducted in co-operation with T. B. Harrison, Dominion Experimental
Station, Harrow, Ontario. No appreciable information has been forthcoming
from these experiments except that paper wrapping and shredded packing
materials appear to offer greater protection than package design.

Fumigation

Investigations were conducted in co-operation with,the Division of Ento-
mology to find a means of killing insect life in and on apples.for export. At
present, apple maggot and other pests could form a basis of discrimination
against the importation of Canadian apples. ,

Methyl bromide as a fumigant was tried. The results of such trials
have appeared in “Some Observations on the Fumigation of Apples with Methyl
Bromide” by W. R. Phillips, H. A. U. Monro and C. E. Allen. Sci. Agr. 19:7-20.
Sept., 1938. It was shown that methyl bromide can be effective in Kkilling
insects in apples but if the fruit is not at the proper maturity it is liable to injury.
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Soluble Pectin Trends in Cold Stored Apples

In the search for a mechanical test to gauge optimum maturity and
keePing quality of cold stored apples, a test run on soluble pectin trends
Was conducted during the 1948-49 season. The procedure employed was essen-
tially that outlined by Carré and Haynes (1).

~ Previous work by others (2, 3 and 4) has indicated that soluble pectin
trénds in stored apples are bound up with the maturing phase as well as the
Subsequent decline as the apples pass into the senescent stage. Classical theory
Suggests that the protopectin or insoluble pectin of the cell wall and middle
amella is hydrolysed or by other means converted into soluble peectin. This
Tesults in a softening of the apple tissues which up to a point (here designated
48 optimum maturity) is highly desirable. However, continued production of
sotuble pectin on a high level can only lead to a rapid decline in fruit quality.

Soluble pectin determined at two-week intervals for the varieties McIntosh
and Wagener and evaluated on the basis of grams per 100 grams of juice indicated
a typical and almost continuous trend. Fig. 26 is an example.
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Fig. 26—The general trend of the pectin line.

- For purposes of further reference the curve will be referred to in its
w“mar}{, secondary and tertiary aspects as indicated in Fig. 26. The use of the
thOTd climacteric will be strictly confined to the summit of the pectin trend of
€ first phase.
I Cqmmercial samples of McIntosh apples drawn from the Brighton and
TOquois areas of Ontario formed the principal test material. Other samples
ed were McIntosh taken from Central Experimental Farm, Ottawa, nutritional
Udies orchard; Wagener apples from Kentville, Nova Scotia, harvested from
llizer plot studies; and finally, gas-stored McIntosh from the Iroquois area.
apples were held at 32° F.
an eviewing compiled data from the points of view of eating quality, maturity
DO?nt eeping quality, the commercial samples of McIntosh suggested the following
S
1. Maximum eating quality coincided with the climacteric (pectin) of
the primary phase. Quality evaluations on sharp ascents or descents
differed widely from those registered at the climacterie.
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2. Lower levels of soluble pectin appeared to concur with higher apple
quality and longer storage ability.

3. Long gentle declines from the climacteric toward the inflexion point
appeared desirable. In effect this meant a slow decline in quality with
time as the apple passed optimum maturity.

4. The climacteric of the primary phase was delayed by as much as 24
days in early picks.

- 5. The inflexion point in the secondary phase occurred simultaneously
in all samples regardless of pick, though the secondary phase varied
considerably in length.

An attempt was made to link quality evaluations with the tertiary phase
but no sharp delineations were evident here. It appeared that subsequent quality
values in the secondary and tertiary phases were largely reflections of perform-
ance in the primary phase.

In the consideration of the Central Experimental Farm Melntosh from
nutritional plots the foregoing enumerated information was confirmed. In
particular it was found that high nitrogen plots scored the lowest on average
quality and keeping ability. It was also noted that the high nitrogen treatment
produced a marked effect on the pectin line—moving the climacteric so high thab
the primary phase assumed conical proportions. Highest average quality, best
keeping ability and lowest pectin levels were recorded for the MelIntosh on high
potash treatment.

The striking feature in connection with soluble pectin trends on the Wagener
apples was the delay or lag in the development of the phases subsequent to the
primary. Assuming that the foregoing observations on Melntosh .samples are
correct this would, of course, be a logical deduction, as the Wagener is a longer
storage variety. :

Wageners taken from a starvation plot showed an extraordinary low level
of soluble pectin and scored the highest quality. High nitrogen treatment again
elevated the pcctin line. , .

Two samples of gas-stored MclIntosh formed the last of the group for
~oluble pectin studies. The ratios of CO, to O, employed were 5 and 16,
and 5 and 5. Differences from previous results were noted here and were probably
.onsequential or related to disturbance of normal metabolic drift.

The general pattern of the pectin line for the gas-stored samples (Fig. 27)
was the same as before, but a marked depression of levels was noted. The 8
and 16 line was depressed the most, and changes were very gradual, indicating
a healthy state. Carré and Horne (2) reported that CO, atmospheres actually
accelerated pectin changes, and it would appear from examination of Fig. 2
that the 5 and 5 ratio was & marginal case. Probably higher ratios would have
produced this reported acceleration.

Post pectin climacteric quality evaluations showed that the control sample
and the 5 and 16 sample scored approximately the same; the 5 and 5 gas sample
ran a poor third. Quality scores for the middle of March indicated erase
differences. There was a suggestion of delayed eating quality in the 5 and
sample, with higher scores well to the right of the primary phase climacterie.

In Fig. 27 it is observed that the primary phase of the 5 and 5 gas sample
goes into a long deep decline and that the tertiafy also declines shar'pl}’-
Physiological examination on March 8 showed moderate breakdown. The tertiary
phase of the control sample dips slightly—this particular sample showed a 10%
mdex of core flush. On the other hand, the 5 and 16 gas sample levels ©
in the tertiary and it showed no evidence of any physiological disorder whatsoever

The material chosen for gas storage was a third maturity pick from the
Iroquois area. Comparison of trends with the previously mentioned MecIntos
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lots showed that these apples reached a climacteric intermediate to the first
and second maturity picks. The inflexion point of the secondary phase and
levelling off in the tertiary, however, were coincident in all cases. )
Acidity and soluble solids trends were established on all samples for pectin
work. .
The acidity trends revealed nothing specific except that there was a tendency
towards high acidity in high quality apples. Within broad limits there was a
suggestion that rapid decline in acidity indicated shorter storage life.
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Fig. 27—Pectin levels for McIntosh apples stored in two different gas mixtures.

Soluble solids remained constant with time for all samples. except for one
Peculiar deviation termed the “bump”. This so-called bump was'one point above
he true line, and in & number of cases it coincided with the inflexion point -
of the pectin line. No explanation was found.

_ In summation, evidence appears to show that soluble pectin trends give a
fair indication of quality and storage ability of the apple. That is, small areas
under pectin curves are desirable, High and sharp climacterics suggest rapid
Quality shifts (shortened marketing periods) and abrupt changes in the apple
etabolism. Nutritive deficiences and the effects of gas storage are reflected
In the pectin trend. Since soluble pectin trends appear to give an indication of
Quality with storage, it is felt that with a refinement of technique a record of
Pectin performance of the apples during storage would help in getting apples
of quality on the market at the proper time.
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Preliminary Results on Exosmosis of Elecirolytes as a Measure of
Plant Hardiness

M, MacArthur

The development of hardy strains of plants is one of the principal means of
combating losses caused by injury from cold. Most of the work on development
of these strains has been based on breeding, using a parent known to be able to
withstand the rigors of the Canadian climate. The degree of hardiness of these
crosses is usually determined by the visual “freeze and wait” method which in
developing a suitable hardy apple variety involves a protracted period of time.
" Any reliable méthod of eliminating the tender seedlings in the first year or two
of growth would be economical.

It is generally accepted that in cold injury the cell loses its capacity to
regulate the diffusion of its cell contents. Injury of such tissue may be estimated
by degree of recovery or by microscopic observation. Injured plant material
(cold or other injury) placed in distilled water can be expected to show some
outward diffusion of electrolytes, and an increase in injury will appear as an
increase of the diffused electrolytes in the solution. Increasing the.strength of
the solution decreases the resistance; that is, a low resistance indicates a strong
diffusion of electrolytes, and therefore, tender material. Conversely, a high
resistance indicates weak diffusion and therefore, hardy material.

Method of Testing

~ In all the experiments, the material was washed quickly in distilled water,
dried, then snipped into approximately half-inch lengths. Five grams were
weighed at once into a perfectly clean 75 c.c. test tube. This material was then
subjected to varied cold treatments, usually but not always —20°F. for overnight,
removed to a 0° or 10°F. room, then to a 32° or 39°F. room for definite periods
before removal to the laboratory. After a specified time at laboratory temper--
"ature, 50 c.c. of distilled water was added and the tubes of material were placed
in an oven at 67° or 80° F. for exosmosis. Frequently, several readings were
made. Extending the exosmosis period increased the concentration of electrolytes
(and other materials) in the water extracts. Resistance decreased, but the
relative positions remained approximately the same,

In untreated tissue practically the only cells involved in loss of electrolytes
are those ruptured by cutting, but with cold-treated tissue losses from the cells
are in proportion to the injury. In the latter instance there is little reference
to cut-surface relations. However, the smaller the diameter of matérial of
unit weight the greater is the proportion of living cells in that unit. Increase
of injury shows up in a decrease of resistance. .

Hardiness of McIntosh and M. baccata

Late in October resistance measurements were made of water extracts of
MecIntosh and M. baccata. Whips and seedling tops were exposed to —20° F. for
17 hours and roots to 10° F, for the same period. M. baccata material had 8
higher resistance than the corresponding McIntosh material. The higher resist-
ance indicates a lower concentration of electrolytes in the water extract; that
is, M. baccata was less injured by the cold treatment and therefore, hardier.
That M. baccata is hardier than Mclntosh by the field test is well known. Ip
M. baccata the order of hardiness was whips, tops and roots; in MeIntosh,
tops, whips and roots. One of the duplicate samples of McIntosh whips was
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made up in part of slender material from close to the tip of ’ghe leader. This
.sample would have more living cells per unit weight and did .have a lower
resistance. This brought the average resistance for McIntosh whips below that
of tops,

Other Varieties Compared

On January 7, 1941, one-year wood from the orchard was treated 17 hours
at —20°F. The tubes of cold-treated tissue were brought through four tem-
Perature stages during six hours with exosmosis for 21+5 and 22-75 hours at 67° F.
Table 40 shows the resistances. Measurements were by the Wheatstone bridge.
With the exception of the three varieties of Ottawa origin, 0-202, 0-205 and 0-2010,
each figure is the average of two samples. The varieties of Ottawa origin were
single samples.

TABLE 40.—AVERAGE RESISTANCE IN OHMS OF THE WATER-EXTRACTS FROM APPLE
TISSUE COLLECTED JANUARY 7, 1941

S

Variety R. at 215 hr.|R. at 22.75 hr.
482 451
471 448
402 378
402 375
381 362
359 332
326 317
309 282
200 185
178 188

The varieties are arranged in order of hardiness according to the average
Tesistance (R) .of the exosmosed electrolytes with 21:5 hours of exosmosis. At
e second reading, 22-75 hours, the order of hardiness is essentially the same.

Additional material of other varieties was collected from the field the
fOllowing day, treated in the same manner with exosmosis periods of 21-5
and 23 hours. Results are listed in Table 41.

TABLE 41.—AVERAGE RESISTANCEIN OHMS OF THE WATER-EXTRACTS FROM APPLE
TISSUE COLLECTED JANUARY 8, 1941

p=

— Variety No. Samples | R. at 21-5 hr. | R. at 23 hr.
3 609 609
5 471 448
2 469 429
6 461 437
3 432 412
3 423 404
1 416 408
2 308 ?
4 398 377
2 356 344
1 351 337
8 345 334

0 Again on January 20, prepared apple top tissue was exposed to -20°F. for
§ ours; to 0°, 10° and 67° F. for one, three and three hours respectively and
Rally, exosmosis for 18 and 21 hours at 67°F. Table 42 indicates the results.

48685133 : '
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TABLE 42—AVERAGE RESISTANCE IN OHMS OF THE WATER-EXTRACTS FROM APPLE
TISSUE COLLECTED JANUARY 20, 1941

Variety No. Samples| R.at 18 hr. R. at 21 hr.

Lobo. 2 455 425
Anis.. 2 451 416
Hibernal 2 438 430
0-224.. 1 437 404
Columbia 2 403 398
Pilotosh. ... 2 377 368
Antonovka. .. ... ... 2 366 352
OBINAN. ... e e 2 345 335
M. baceats (@). . ... ..o 2 335 310
Robin. ... e 1 333 316
Printosh. .. ... ... .. 2 329 319
M. 70busta (@)........o oo e 2 316 306
Melntosh. .. ... 2 302 276
Wapella. ... ... e 2 285 269
T AIBUSE. ..ot 2 280 264
Jewel............... ... e e e 1 275 269
Atlas. . 2 250 240
Rosilda (B). ...t 2 - 246 232

=010 . . . e 1 208 199
O-205. o e 1 205 193
0202, . 1 162 - 164

(a) Samples thin and spindly, small in diameter.
(b) Samples quite thick.

On the varieties listed in Tables 40 to 42 the following information is o
value: ‘ :

or 2. Antonovka—Russian origin
or 2. Anis—Russian origin
or 2. Hibernal--Russian origin
or 1. M. baccata—Hardy, Russian origin
or 1. M. robusta—Hardy
Qsman—first cross, M. baccata X Osimoe
Columbia—first cross, M. baccata X Broad Green
Pioneer—first cross, M. baccata X Tetofsky
Robin—first cross, M. baccata X Simbirsk No. 9
Jewel—first cross, M. baccata X Yellow Transparent
Rosilda—second cross, Prince X Meclntosh
Printosh—second cross, Prince X Melntosh
Piotosh-—second cross, Pioneer X MeclIntosh
Wapella—second cross, tender (Dean X Ontario).
) Dean = M. baccala X Wealthy
Ontario = Wagener X N. Spy
Lobo—Ottawa origin; open-pollinated seedling of McIntosh, con-
sidered hardier than Melntosh .
Atlas—Ottawa origin, considered hardier than McIntosh; seedling
of Winter St. Lawrence
McIntosh—Considered hardier than Fameuse
Fameuse—Considered more tender than Melntosh
0-224—third cross
0-205—third cross
0-2010—third cross
0-224—third cross

The twenty-two varieties are arranged in eight groups more or less in _grqu
order of hardiness. The several varieties in a group are not necessarily 1%
order of hardiness.
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Discussion ‘

It is unfortunate that the tests of January 8 were not a repetition of the
tests of January 7. With only one additional day of exposure to the outdoo®
temperature, a repeat test with conditions being equal should give approximfitel
equal results. Neverfheless, Tables 40, 41 and 42 indicate a range of resist&n"e:i
In Table 40, the highest resistance and hence the hardiest tissue is Hiberd
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and at the other end of the scale is the variety 0-202. Hibernal is of Russian

- origin and 0-202 is a third cross (see grouping in the table of information).
Similarly in Table 41, Antonovka, the hardiest according to resistance figures,
1s also of Russian origin, while McIntosh originated in Ontario.

The highest resistance in Table 42 was in Lobo tissue, and the lowest in
0-202. Thus the table designates Lobo as the hardiest of the 21 varieties and
0-202 the most tender. Lobo is of Ottawa origin, an open-pollinated seedling
of McIntosh. It would not be expected that Lobo is hardier than most of
the varieties of Russian origin, although hardiness differences most certainly
do exist between the Russian varieties and between the first crosses. For
example, by the “freeze and wait”’ method at Morden, Manitoba, Pioneer, a
first cross of M. baccata,-is listed as a very hardy crab while Osman, Robin
and Columbia, also first crosses, are recommended as “general hardy—for trying
conditions”. Antonovka, originating in South Russia, is considered ‘“medium
hardy—for favourable locations”. M. baccata originating in the colder regions
of Russia does not head either Table 41 or 42; 0-224, a third cross of M. baccata,
18, on the basis of resistance, listed as hardier than that variety in Table 42
Therefore, in Tables 41 and 42, Lobo and 0-224 appear to be out of position.
However, the M. baccata tissue as tested in Table 42 probably contained a
greater proportion of living cells per unit weight than most of the other
Varieties, since these tissue sections were small in diameter. This would show
Up in a lower resistance, as has been mentioned previously.

In Table 42, tests of January 20, all the tissues tested earlier are included,
but the conditions were somewhat different. The thawing periods, temperatures
and injtial exosmosis periods differed. The test was after 12 and 13 additional
daYS‘Of exposure to winter weather. Because of these several variables, the
“figures are not comparable. It is possible that for all tests 17 hours at a
temperature of —20°F. was much too severe, and that most of 'the living tissue
In every variety was killed. The figures would then be an expression of the
8mount of killed tissue in a variety, but because no microscopic examinations
Were made, the relative volumes of protoplasmic tissue per variety tested are
hot known.

Rootctock Tests

On January 22, 5-gram samples of rootstock material brought in from the
field were placed at 10°F. for 17 hours then six hours at 67° F. Exosmosis was
for 19 and 22-5 hours at 67°F. The resistances are given in Table 43.

TABLE 43.—AVERAGE RESISTANCE IN OHMS OF WATER-EXTRACTS FROM
EXOSMOSED APPLE ROOTSTOCK TISSUE ’

Rootstock No. Samples| R.at19hr. [R. at 225 hr.
.......................................... 1 120 107
............................................. 2 104 92
........................................... 1 93 84
.......................................... 2 90 84
........................................... 1 81 75
.................................. 2. 79 71
........................................... 1 75 67

Based on the measurements in reading 1 (19 hours’ exosmosis) East
}‘\’Iallmg IX is the hardiest and East Malling Crab C the most tender. By the
freeze and wait” method at the Division of Horticulture the winter hardiness
of these and other vegetative rootstocks was determined over a six-year period
mmediately preceding this exosmosis experiment. In the field test the snow
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was removed from the test area and the rootstocks deprived of the snow blanket
were continuously exposed to the viccisitudes of winter climate. The data on
the field test for hardiness are given in Table 44.

TABLE 44~WINTER HARDINESS TEST OF VEGETATIVE ROOTSTOCKS

—

Av. Per Cent
Rootstock A B C D E F  |Hardiness| Injury
Anis No.46................... 10 8 10 6 10 10 9 10
Anis No.322.................. 7 10 10 10 10 8 9 10
Anis No.376.................. 8 8 8 8 10 7 8 20
M. robusta. ........ 10 10 10 10 10 10 10 0
Mixed Apple 452. .. 10 8 0 6 10 0 6 40
Mixed Apple 462. .. 10 10 0 7 6 6 6-5 35
Mixed Apple 466 6 [1} 0 0 0 0 1 00
Mixed Apple 472............... 8 8 6 6 6 8 7 30
Mixed Appled478............... 8 0 5 6 6 10 6 40
E. Malling1..... . 5 0 4 0 0 0 1.5 85
E. Malling II.... 0 4 0 5 0 4 2 80
E. Malling IX... .. 4 0 0 0 4 0 1 90
E. Malling XII................ 4 0 4 0 6 5 2-5 75
E. MallingCrab C............ (1] 5 0 0 6 0 2 80

Through the years A to F the figures indicate the extent of resistance to
winter injury, 10 indicating no injury down to zero, killed. Table 44 indicates
that by the exposure and observation method, M. robusta was the hardiest, and
E. Malling IX, very tender. By the exosmosis method (Table 43) E. Malling
IX was the hardiest. Since by the field test E. Malling IX was severely injured,
the results by this exosmosis test are not at all reliable.

A repeat (Table 45) on some of the vegetative rootstocks was made a week
later. The samples were exposed to 15° =1°F. for 17-75 hours then six hours
at 67°F. Exosmosis was for 19 hours at 67°F.

TABLE 45— AVERAGE RESISTANCE IN OHMS OF WATER-EXTRACTS FROM VEGE-
’ TATIVE ROOTSTOCK TISSUE

R

Rootstock No. Samples | R. at 19 hr.
Anis NoO. B2, i 2 154
Mixed Apple NO. 452, .. .0 ittt e s 3 114
M.or0busta. . .....o. e 1 101
EM. Crab C..oo it e 1 98
B Malling L. ..o 2 92
E.Malling IL. ... e 1 92 -

In this test, Anis 322 was hardier than M. robusta. E. Malling I, II al{d
Crab C were more nearly alike and the most tender of the group. This
corresponds with the 80-85 per cent injury by the field test. The higher
resigstances for the same variety in the second test are partly the results of
later treatment and of less severe treatment temperature.

The several experiments indicate that the method’of determining hardiness
by cold treatment and subsequent exosmosis of electrolytes i§ not a completely
reliable tool for the purpose. It is probable that most of the treatments wereé
too severe and the resistances obtained were probably a measure of tota
killed protoplasm. It may be that a refined technique would give figures more
nearly in line with field observations. However, it must be remembered that
the climatic and nutritional conditions to which a perennial plant is subject
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during the preceding growing and hardening-off season have a very definite
effect on how that plant will withstand the low and drying temperatures of
winter; that is, the plants in one variety subjected to differing conditions
of moisture and feeding could have widely varying resistances. Plants from
one area and subjected to similar conditions tested at any one time could, with
a refined technique, give merely comparable results, which again would differ
at another test period. In other words, one plant of a variety may, and often
does, harden off more rapidly than another.

Measuring Untreated Tissue

Since resistance is presumed to be a measure of the extent of injury, then
without further treatment tissue tested at the end of winter should show the
effect of winter injury. In addition to the electrolytes from the cells at the cut
surfaces, electrolytes from winter-injured cells should also diffuse into the
water extracts. A hardy material would have fewer injured cells and so show
& higher resistance while the more tender material would have a lower

resistance.

To test this theory, unfrozen and cold-treated tissue of the same varieties
were tested on April 7. The unfrozen tissue was allowed to exosmose for 19
hours at 80°F. The cold-treated was exposed 17 hours at —20°F., one hour
at 0°F., one at 10°F., two at 32°F. and four at laboratory temperature. The
distilled water was added and exosmosis was at 80°F. for 19 hours, with further
exosmosis at laboratory temperature for 1:25 hours. The average resistances
of these lots of material are given in Table 46.

TABLE 46.—AVERAGE RESISTANCE IN OHMS OF WATER-EXTRACTS FROM APPLE
TISSUE COLLECTED APRIL 7

—_—
Unfrozen Tissue Frozen Tissue
Variety No. Av, No. Av. Difference
Samples |Resistance Samples | Resistance
Antonovka.................iiiiiiiian 6 1,264 4 265 999
ibernal............. ..., 9 1,078 7 282 796
ccata 6 997 6 213 784
8....... 8 971 4 302 669
M. rohusts. 5 931 4 266 665
1 5 807 4 287 610
[ 856 4 252 €04
3 778 4 191 887
11 713 4 189 524
4 656 3 206 449

' In the unfrozen material there is some indication of hardiness rating in that
the varieties of Russian origin appear to be the hardiest; that is, they have the
igher resistances. Following these are Osman and Columbia, both first crosses
of M, baccata, and finally the three varieties, Lobo, Atlas and MeIntosh, known
to be less hardy. The resistances of the frozen material are not in the same order.
. baccata and McIntosh are close in average resistance and so fall into the com-
Paratively least hardy group. Such is not the position for M. baccata by field

ntest. In differences between frozen and unfrozen tissue the order of hardiness is

Practically the same as in the unfrozen tissue.

Also in the spring five samples each of Linda, Hume and Sandow were cold-
treated 17 hours at —20°F. with 7-5 hours through several temperatures to 80°F.
and 19 hours exosmosis at that temperature. The results are given in Table 47.

From these figures the order of hardiness is Linda, Hume and Sandow. In
‘€ cursory examination of the thawed frozen material, all samples were some-
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what browned, but very marked browning was visible in Sandow. This is an indi-
cation of the extent of killing by the cold treatment.

Measurements were made of the resistances in water-extracts of a series of
co'd-treated rose bush tissue. The results may be found in that section of the
report dealing with Ornamental Horticulture. ‘

TABLE 47.—AVERAGE RESISTANCE IN OHMS OF WATER-EXTRACT FROM FROZEN
AND UNFROZEN APPLE TISSUE OF THREE VARIETIES

. Unfrozen Tissue| Frozen Tissue pe
Variety Av. Resistance | Av. Resistance | Difference
Linda. oo 611 229 382
Hume......oooo i e 551 204 347
Sandow.......o 397 169 - 228

Since the figures obtained-on woody apple tissue do not indicate specifically
the degree of known hardiness, either measuring the resistance of exosmosed elec-

trolytes does not have the required precision, or modifications of the technique are
necessary to attain that preciseness.

Effect of Freezing on Mature McIntosh and Golden Russet Apples

A theory had been advanced that freezing intensified the oxidase and peroxi-
dase reactions of apple tissue. If such were the case, then apples which had been
frozen could be readily detected by a simple test. Carrick (2) showed that extreme
freezing of MecIntosh apples markedly reduced the catalase activity, but the
immediate influence of milder degrees of freezing was neither conclusive nor con-
gistent, and results with Baldwin were not generally comparable.

At the laboratory, N. Spy apples exposed to 19 hours at 25°F. had the appear- -
ance of a slight scald. In five days at 36°F. this defect had disappeared. Both
immediately after thawing and later, the oxidase reactions of the frozen apples
were similar to the controls in all respects. The test was the development of blue

coloration when a median cross section was flooded with a tincture of gum
gualacum. a ‘ ‘

At this time apples suspected of freezing in transit were examined. These
apples were badly bruised and the browned internal areas under the surface dis-
coloration extended in a cone-shaped manner towards the core, similar to the
freezing injury figured by Carrick (1). : ,

In an attempt to duplicate the injury, McIntosh apples were withdrawn from
39°F. storage in mid February. Controls, bruised and unbruised, were placed at
32°, 40° and 60°-85°F. Samples were frozen without bruising, bruised before
freezing, while frozen, and after thawing. Some difficulty was experienced in the
freezing room. With a week’s exposure not all apples were frozen. The internal
temperature of the unfrozen fruit was 28-2°F. while air temperature was 28°F. .
Therefore, all samples were removed to a controlled 26°F. room and freezing was
complete 1n 24 hours. They were left at 26°F. a further 24 hours then removed
to 32°. 40° and 60°-65°F. Thawing was complete in four, two and one days
respectively.

Only those apples bruised while frozen had brown spreading watery areas
internal to the pressure point (Fig. 28). The watery browning of the tissue of
these apples increased with storage, till finally in many samples the whole apple
was involved. In no other treatment did the internal browned area increase 1D
this manner.
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Externally the bruised while frozen apples were discoloured (browned) at the
pressure point, and the surface of the bruised area was distinctly furrowed (Fig.
29). These furrows or wrinkles did not disappear with storage.

Fig. 28—Cross sections of McIntosh apples bruised while frozen
and thawed at 60°-65°, 40° and 32°F.

~ Apples bruised before freezing had a slight tendency to this external wrink-
ling of the bruised area. This disappeared rapidly at 60°-65°F. storage, more

Slowly at 40°F., but had not disappeared with 8 weeks at 32°F. Neither those

apples bruised after thawing nor the bruised controls exhibited this surface fur-
rowing at the pressure point. '

Fig. 29-—MeclIntosh apples bruised while frozen and thawed at three temperatures.

In the oxidase tests unbruised controls at the three temperatures showed the
Same intensity of reaction over the whole surface. In bruised controls and all
rozen apples there was a more intense reaction in the samples at 60°-65°F. than
I those at 40° and 32°F. Differences between high and lower storages were not
SVident in the peroxidase test (tincture of gum guaiacum - hydrogen peroxide).

1th longer storage, differences in oxidase reactions of samples at the several
fmperatures were no longer evident.
48665—14
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A breakdown, either senile or low temperature, first appeared in the apples
thawed at 60°-65°F. (Fig. 30). This was a light browning of the outer cortex
with deeper browning of the vasculars and was not at all similar to the darker
spreading discoloration of the tissue in apples bruised while frozen. Breakdown
appeared 19 days after freezing in apples thawed at 40°F. and 25 days after
freezing in those thawed at 32°F.

Fig. 30—Senile or low temperature injury in apples thawed at 60°-65°F. (a) Apple
bl‘lélsl')ed .whllle frozen. (b) Apple bruised after thawing. (¢) Apple frozen,
not bruised.

Breakdown occurred in the unfrozen apples at approximately the same
times but the discoloration was not so marked. There was little flavour
difference between frozen and unfrozen apples stored at the same temperature.

These results show that in MecIntosh apples (1) oxidase and peroxidase
tests do not distinguish between frozen and unfrozen apples; (2) mild freezing,
that is, a complete freeze at 26°F. for 24 hours does not damage the apple;
(3) damage occurs if the fruit is roughly handled while frozen, and (4) fruit
bruised while frozen may be detected by wrinkling of the surface of the bruised
areas and internally, by the extension of the browned areas both laterally and
towards the core. ’

All the foregoing tests were on what would be considered milder degrees
of freezing. The following year Golden Russet apples were used for freezing
at 25°, 22°, 20° and 18°F. with thawing at 32° and 60°F,

There was no external nor internal damage with freezing at 25° and
thawing at either 32° or 60°F. External and internal damage increased with
lowering the temperature of freezing and generally more damage occurred with
thawing at 60° than at 32°F. The surface was browned in patches to all-over
browning as a scald with darker, sunken brown patches and internally there
was browning of vasculars to a flesh browning with definite goftening of both
cortex and core.

Apples packed in half-bushel hampers and frozen at 25°F. took 9 days for
complete freezing. Only with thawing at 60°F., did a few small browned
patches appear. There were no internal defects, but the apples at both
temperatures 60° and 32° F., shrivelled severely with storage.
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Samples frozen at 25° F., and held at that temperature for 72 and 144 hours
before thawing at 32° and 60°F. did not show any internal damage. Externally
the brown patchy markings were evident. These apples also -shrivelled
extensively with storage.

Finally, Golden Russet apples subjected to four successive freezings at
25‘°F. with thawing at 32°F. showed no internal damage. Externally at the
third thawing a few brown markings appeared on the surface. This was
Intensified at the fourth thawing and may have been caused by handling
while frozen.
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FRUIT AND VEGETABLE PRODUCTS
M. MacArthur

Dehydration

Limited experiments on the dehydration of vegetables at the laboratory
date back to the latter years of World War I, but these first experiments were
all on home methods. In the 1920’s the Annapolis Valley of Nova Scotia was
supplying the dried apple market with evaporated apples produced by drying
the apples on slatted wood trays in heated air containing sulphur fumes.
The Dominion Experimental Station at Kentville, Nova Scotia, undertook
the improvement of the process and was so successful in the engineering phases
and the methods that their work, “Principles and Methods Involved in the
Dehydration of Apples” by. C. 'C. Eidt, Tech. Bul. 18, 1938, has become 2
standard reference.

In 1936, two commercial dehydration plants were established in Ontario and
assistance, especially on engineering and plant layout, was supplied by the
staff at Ottawa and by the Kentville Station. After production was started, the
Ottawa laboratory co-operated with one of the firms in a test round-the-world
shipment in an attempt to determine the reason for quality deterioration with
storage. All samples were packed in tins, atmospheric pack and vacuum pack.
One-half of the lots were stored at 32°F. in Ottawa, the remainder were placed
on a slow freighter to Hong Kong. All were examined in six months on the
return of the freighter to Canada. Conclusions drawn from the test were that
elevated storage temperatures resulted in serious deterioration but even at 32°F.
the products underwent detrimental changes.

It was not until 1941 that serious consideration was given to the dehydration
of vegetables. At that time Britain wished to place contracts with Canadian
firms for supplies for her armed forces. In the earlier years vegetables, except
potatoes, were not blanched. Consequently, the role of those enzymes present
in unblanched vegetables on the loss of flavour during storage had not been
recognized. Further, although the round-the-world shipment and stored dehyd-
rated products were analysed for moisture and ascorbic acid content after the
six months’ storage period, they had not been given an initial analysis.
Therefore, the significance of moisture difference between pack types and
between lots from the two storages was not recognized. In contrast, dehydrated
apples with two to three times the moisture content of these vegetables kept
well in storage. However, in the three-year interim some knowledge had
been gained on these points, the inhibitory effect of blanching on enzymes
and the value of gas-packing and low moisture content,

The dehydration tunnel at the Kentville Station was used for the initial
experiments. Dehydrated vegetables produced at that laboratory were tested
for cooking quality, and duplicates were packed in air and nitrogen and shipped
to the Division of Horticulture for storage tests and further examinations-
From these initial experiments and examingtions of the stored material;
sufficient valuable information was obtained which served as a guide to the
industry in methods of production and handling. However, much more infor-
mation was needed on this method of food preservation; information that would
ensure highly nutritious palatable vegetables with a reasonable storage life.

204



205

Equipment for Experiments

A dehydrator, single tunnel of the forced draught type, was built at the
Ottawa laboratory in 1942 and was ready that fall for experimental runs.
During the last four years of World War 11, the laboratory worked intensively
on vegetable dehydration. Larger quarters and a second tunnel were ready
early in 1944. This second tunnel was a two-stage model with a primary end
utilizing a parallel air current and a secondary end with counter current. This
Wwas essentially a scale model with one-fortieth the production capacity of the
commercial dehydrator.

Fig. 31—Experimental tunnels in the dehydration laboratory.

Controlled storages of 100°, 80°, 65°, 32° and 0°F. had been available from
1942 on. In addition, fluctuating laboratory temperatures were used. The
100°F. storage was used for accelerated trials, and the remaining temperatures
were for testing the effects of summer, warehouse, cold and freezing storage on
the products. :

_ The laboratory was equipped with preparation machinery, peelers, slicers,
lcers, strippers, a batch-type steam blancher, a water blancher and a special
blancher for SO, treatment of potatoes.

General Procedure

More than 2,000 experimental runs were made. The dehydrated material
Was analysed, then generally packed in air, nitrogen or carbon dioxide, placed
at the several storage temperatures and withdrawn at definite periods. These
stored samples were first analysed for oxygen and carbon dioxide content, then
he cooked products were subjected to palatability assessments. Aliquots or
Uplicates of the dry material with the same oxygen content were analysed for
Moisture and vitamin contents. If the material had been given certain pre-
featments, other chemical analyses were made. Frequently a whole series—
tesh, processed, dehydrated and stored—also underwent microbiological
®Xaminations. Commercial material in bulk lots was obtained, repacked and
Subjected to the storage trials. :
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Field of Invesiigation

The bulk of the material dehydrated commercially under contract was
cabbage, carrots, potatoes and turnips with smaller quantities of other vegetables.
Experiments on all phases of dehydration and on storage were conducted on
these four vegetables and on parsnips, string beans, spinach, asparagus, cauli-
flower, beets, corn, peas, onions and sauerkraut. In fruits, work was done on
apples, blueberries and rhubarb.

Preparation experiments, pre-treatments, peeling methods, blanching, periods
of drying, tunne! conditions such as air velocity, per cent R.H., one-, two- and
3-stage drying, “ripening” and moisture equalization were all investigated. The
use of SO, in vegetable dehydration, its role in the retention of colour in
potatoes and in green vegetables; its effect on the vitamins, ascorbic acid, Bi
and carotene, were assessed.

Blanching

Effect of Enzymes—In the first examinations of both the dehydrated
material from Kentville and early commercial products, it was discovered that
although most of the samples were catalase- and oxidase-negative, some were
peroxidase-positive. Some samples of commercial material were even catalase-
positive. Those samples with the positive enzyme reactions were lower in
pal?tability and the catalase-positive commercial carrots were bleached and
stale.

In the blanching process, it was found that if the treatment was at thatb
temperature and of sufficient duration to give a negative reaction in the test
for peroxidase, the treatment was more than adequate for catalase-oxidase
inactivation. Therefore, a factor in attaining quality and extending longevity
was efficiency of blanching as measured by enzyme inactivation.

The storage trials of unblanched and of variously blanched vegetables
confirmed the initial findings on the importance of blanching. Unblanched
vegetables lost their palatability very early in storage life. Over-blanched
vegetables were difficult to dry, lost a greater proportion of their soluble solids
during the blanching process and did not keep so well as those blanched to that
point at which there was only a trace of peroxidase remaining. The role of
enzymes is discussed in detail in “Modern Dehydration of Foods. II. Variables
ﬁffectilngg/i 4Storage” by M. MacArthur. Can. Chem. & Proc. Ind. 28: 525-527-

ug., . , :

Plant Test—A quick, semi-quantitative test for peroxidase was necessary
for plant use. Briefly, the test is based on the presence or absence of colour change
in either the blanched, cooled product or the refreshed dehydrated product. It
is made by adding five ml. of a two per cent tincture of gum guaiacum.or a oné
per cent aleoholic (50-95 per cent) solution of guaiacol to five c.c. of materié
in triplicate and covering with an equal volume of one to three per cent C.P:
hydrogen peroxide. The amount of colour change developing in the vegetable iB
five minutes is an indication of the peroxidase content. No change indicates &
negative content of the enzyme. It must be stated that although these tests have
a definite value for estimating the peroxidase content, they do not have absolute
specificity. Certain cther compounds also present in some vegetables react with
the test materials to give the same colour change as occurs with peroxidase-
Corn, turnips and certain squashes are three vegetables avhich after steam
blanches of 10 to 15 minutes at 212° F, still give a slight to definite, positive
reaction. However, in- most cases the colour change due to these so-calle
aldehydes is insignificant in the designated initial five-minute period. The
methed of testing which has general applicability may be found in “Dehydratio?
of Fruits and Vegetables in Canada” by C. C. Eidt, Mary MacArthur and
M. B. Davis. Food in Canada, 2:20-24. Nov., 1942.
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Moisture Content Requirements

Low Moisture Increases Storage Life—It became evident early that rapid
dehydration to & low moisture content was necessary. One example of this is the
difference in keeping quality of cabbage under accelerated trial. The samples
with a moisture content adjusted to 7-5 per cent reached the threshold of
palatability in one month while those redried to 3-5 per cent moisture had a
longevity of six months. Similar results were found with other vegetables.
Moreover, with storage deterioraticn the moisture content of the hermetically-

sealed samples increased. Such increases were quite measureable in air-packed

products at accelerated storage. .

The effect of moisture content on the keeping quality is given in more
detail in “Advances in Canadian Vegetable Dehydration, I. Cabbage” by Mary
MacArthur and F. B. Johnston. Food in Canada, 5:23-24, 26, 28, 30, 32. May,
1945, and “II. Carrots”, by the same authors, Food in Canada, 5:25-30. July,

945,

Moisture Reduction During Dehydration—In the “tunnel dehydration,

oisture loss of the blanched vegetables is rapid in the first stages, but slows up

with time. Experimentally, cabbage was reduced from 93 to 7 per cent moisture
in the primary tunnel in 100 minutes at 170° F. with a parallel air-flow of 1,000
Lf.p.m. Reducing this same cabbage from 7 to 4 per cent moisture required an
additicnal 100 minutes in the secondary tunnel at 135°-140° F. with counter-
current, air-flow of 700 1.f.p.m. plus 100 minutes at 140° F. in a through-flow
tunnel with through-flow of 250 1.f.p.m. Potatoes were reduced to 7 per cent
moisture in two hours at 184° F. plus three hours at 154° F. Generally lower
finishing temperatures for potatces are necessary and in a five-hour drying period
with 2-5 hours at 170° F. plus 2:5 hours at 137° F., the moisture content was
10 per cent. This moisture is too high for a good keep, but the experiments

. Indicate the extension of the drying period required to reach satisfactory low

moistures at lowered finishing temperatures. .

The change in temperature during drying is necessary when the lower
moistures are approached and the “critical temperature” of the product is
reached. Otherwise scorching results. The details of the operation of a vegetable
dehydrator for drying various products is given in “The Mechanics of Dehydra-
tion” by C. C. Eidt, Food in Canada, 3:14-16. Feb., 1943, and “Modern
Dehydration of Foods. I Historical and Physical Aspects” by C. C. Eidt. Can.
Chem. & Proc. Ind. 28:523-525. Aug., 1944.

Infra-Red Drying—The possibility of drying by the infra-red method was
examined. Blanched cabbage and potatoes were tested in an infra-red cabinet.
This, of ccurse, was batch drying. In exposure to infra-red rays a product or
material is heated throughout, internally as well as at the surface. In the con-
ventional dehydration tunnel where the trayed product is exposed to a heated air
blast the surface of the product is heated and as it dries, moisture is drawn from
the centre of the layer and is, in turn, evaporated. Although internal and
Surface heat of infra-red heated material are approximately equal, the outer
layers of the trayed vegetables in these experiments were always scorched
before drying was complete. This was probably due to the surface unevenness;
that is, thickness differences in the layer. It appears that infra-red drying is
Suitable for a thin even-surfaced homogeneous mass, such as a layer of paint or

~€namel but is not suitable for drying a one- to four-inch layer of loosely packed,

blanched vegetable tissue.

Redrying Methods.~-Tunnel redrying to a low moisture content was quite
Satisfactory if this was done immediately after moisture equalization, but
redrying products one to two weeks after the initial dehydration lowered the
balatability. The use of silica gel in cabinet redrying was too slow and even
With care the silica gel became contaminated with vegetable particles, An
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effective method of obtaining low moistures on a laboratory scale was the
insertion of a container of anhydrous CaQ in the packed tin, but this was useful
only when, for example, it was desired to lower the moistures slightly as from
five to three or-from four to two per cent. The CaQ container required too much

of the volume cf the package and there was always the danger of CaO sifting
into the produect.

Rapid Method of Determining Motisture Content—Because of the import-
ance of low moisture for keeping quality it was essential that the industry be
provided with a quick, accurate method cf moisture determination. The method
put into practice was “Rapid Moisture Determination in Dehydrated Vegetables”
by F. B. Johnston. Can. Chem. & Proc. Ind. 27:100-102. Feb., 1943. It is
basically a 15-minute chloroform distillation of a definite weight of ground
material passing a 100-mesh sieve. Most vegetables require 15 minutes but
potatoes are distilled 50 minutes.

Preparation Losses

Peel -and Trim Losses—With the high ccsts of the raw vegetables, it was
necessary that the preparation losses be cut to a minimum. With root vegetables
the greatest losses are in peeling. In experiments on losses by peeling and
trimming potatoes, loss by abrasive peel averaged 24:7; by steam, 18-4; by
lye, 16-5 and by brine, 8-0 per cent. However, heat peeling of potatoes—that 1s
by steam, lye and brine—tended to discolour the outer portions of the tuber,
the temperature below the surface being at the optimum for enzyme activity and
consequent discoloration. Discoloration occurred in abrasive peeled potatoes
but this was superficial and generally easily controlled. A dip in a 0-2 per cent
sodium sulphite sclution after peeling was usually sufficient to hold the colour
for half an hour. Detailed results on peeling experiments may be found in “The
Peeling of Fruits and Vegetables for Processing” by C. C. Eidt and Mary -
MacArthur. Food in Canada, 4:31-35. July, 1944,

Losses in Soluble Solids.—Other preparation losses are losses of soluble:
solids during blanching and ccoling, and in stripped potatoes, losses of starch
granules from the cut cells of the unblanched material and the loss of gelatin-
ized starch which must be washed from the blanched strips to prevent case-
hardening during drying. Up to about 15 per cent of the dry matter of the
peeled potato may be lost dfiring the washing and blanching. No attempt was
made to analyse chemically the collected condensate during the steam blanch-
ing of vegetables (pctatoes were water blanched generally). Therefore, losses
in sugars, proteins and the minerals were not determined. However, total leach-
ing losses by blanching ranged from 0-12 to 0-5 per cent of the prepared weight

Vitamin Losses—Losses of certaln vitamins during blanching and drying
were determined. Ascorbic acid, a water-soluble and heat-labile vitamin, was
lost to a greater degree in water blanching than in steam blanching. Less
ascorbic acid was lost when a sulphite salt or sulphurcus acid was used as part
of the preparation process, but when 80O, treatments were part of the processing,
the B; content was either reduced or completely absent in the dried product.
In potatoes subjected to cold sulphite dips of varying periods prior tc blanch-
ing, when the SO; content of the dehydrated product was 80 p.p.m., Bi1
retention was 75 per cent; with an SO, content of 125 p.p.m., retention of B1
was 50 per cent and with 200 p.p.m. SO, the B, retention was 15 per cent.
Blanching in sulphites, sulphurous acid or a combination of these solutions to
give 100 p.p.m. SO, in the dehydrated potatoes reduced the B; content to &
range of 30 to 10 per cent of its original value. Frequently, blanching in such
solutions to give 125-200 p.p.m. SO, meant only traces of B;.- Although
B; analyses of refreshed and cooked SO,-treated potatoes were not made, it
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might be reasonable to expect that during these final preparations the B;
- content would be further reduced.

Ascorbic acid losses in 1842 at commerecial plants during all dehydration
Operations—that is, preparation, treatments, blanching and drying—amounted
to an average of 47 per cent for cabbage, 50 for turnips and 34 for potatoes.

osses at the laboratory were considerably lower. From 1943 on the commercial
blants used those methods of dehydration worked out by the laboratery. These
may be found in “Methods of Dehydrating Vegetables” by C. C. Eidt and
Mary MacArthur. Food in Canada, 3:22-25. March, 1943.

Carotene is not soluble in water and is stable to heat. This was reflected in
the frequent 100 per cent retention during processing, although lesses up to 23
per cent did occur. Details on losses during dehydration were published in
“Factors Affecting the Quality of Dehydrated Vegetables” by M. B. Davis et
al. Proc. Inst. Food Tech. pp. 90-98, 1942, and in “Food Value and Keeping .
Quality of Dehydrated Vegetables” by M. B. Davis and Mary MacArthur.
Food in Canada, 3:11-13. May, 1943. .

The Role of SO; in Dehydration

Colour Control in the Potato.—The effect of sulphuring dehydrated apples
On the retention of colour was well known, and the process was adapted for
control of colour in the potato, not only fcr the peeled raw potato but also for
control during dehydration and storage. Sulphurous acid and sulphite solu-
tions were used during blanching. Potatoes with 150-200 p.p.m. SO, in the dried
- Preduct held their colour during storage and in soaking and cooking for the -
table. This amount left no S0, flavour in the cooked product; 250 p.p.m.
80, in the dry product was detectable without seasoning in the cooked; 350
‘D.p.m. was definite in the cooked but could be covered up by seasoning, while
00 p.p.m. was excessive and could not be disguised withcut heavy seasoning.
The procedure for incorporating SO, in potatoes was outlined in a mimeo-
8raphed leaflet, “Sulphiting Directions for Potatoes” by H. C. Aitken.

Colour Retention in Green Vegetables—Much of the early green vegetables
Were dull in colour when dehydrated and brown tinges were apparent in the
Cooked product. It was found that sulphite dips of the prepared product prior
to blanching gave a much better colour. The same results were ‘obtained with

85CO; dips, but products treated with Na,CO4 were often excessively scitened,
at in flavour and low in ascorbic acid. Minimal sulphite treatments for
tolour and ascorbic acid retention which would not impart an SO, flavour to
the cooked dehydrated product were worked out and supplied to the trade. The
Procedure for sulphiting green leafy vegetables may be found in ‘“Methods of
Dehydrating Vegetables” by C. C. Eidt and Mary MacArthur. Food in Canada,
3:2225. March, 1943. -

-Method of Determining SOs Content.—In order to enable the plants to
determine the 80, content cf their products, which content must fall within
Certain limits, a method utilizing inexpensive apparatus was evolved. By the
%}et}lod, “Determination of Sulphur Dioxide in Dehydrated Vegetables and

' Srmts” by F. B. Johnston. Can. Chem. & Proc. Ind., 28:588-569. Aug., 1944, the
O, content was calculated from the titration of the distillate from a weighed
aff.l.ount of greund and sieved dehydrated product. '

Micﬂ’biological Aspects of Dehydration

A _The Division of Bacteriology and Dairy Research of the Department of
1 griculture co-operated with the Fruit Products Laboratory in all experiments.
‘fn both the laboratory and at commercial plants, heavy loads of microflora were
ound at first in sulphited cabbage. The contamination occurred when sulphiting
after blanching was practised. Steam cleaning of the sulphiting tanks was not
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sufficient to eliminate the heavy load, and the technique for sulphite dips prior
to blanching was worked out. This alteration in processing procedure was suc-
cessful in reducing the microbial load. Laboratory and plant investigation on
other phases enabled the bacteriologists to indicate that certain faulty practices
resulted in high microbial counts in the finished produect.

With the correction of the practices a marked decrease in contamination
occurred; that is, only 40 per cent of the samples in 1939 were under 50,000 per
gram whereas 97 per cent of the samples were under that count in 1945-46 and
similar improvements were found in the coliform content. The improvement and
the methods of acquiring better quality are outlined in “Microbial Aspects of
Dehydrated Vegetables and Fruits” by A. H. Jones, Food in Canada, 3:16-23,
July, 1943, and “Quality Control Effects Improvement in Canadian Dehydrated
\lfggetables” by A. H. Jones and M. E. Pierce, Food in Canada, 6:30-32, Nov.,

46.

Plant Test—The plant laboratories were guided in their effont to reduce
the loads by simple plant tests which enabled them to get a rough estimate of
the bacterial load in their products. The details cf the plant tests are outlined
in “Plant Tests for Determining the Microbial Content of Dehydrated Vege-
tables” by A. H. Jones and M. E. Pierce. Food in Canada, 5:18-22. Dec., 1945,
and “Methods for the Bactericlogical Analysis of Dehydrated Vegetables”, 8
mimeographed leaflet prepared by the Division of Bacteriology and Dairy
Research, July, 1945, for plant use.

- Gas Packaging

Superior Quality of Gas-Packed Vegetables—The value of packing the
dehydrated products in an-inert gas was realized very early. In February, 1942,
after three months’ storage, air- and Nj-packed products at 100° and 32° F
were withdrawn for examination. Air-packed samples at both temperatures were -
lower in palatability and vitamin content. The effect of air versus inert gas
packaging was particularly striking in carrcts. For this vegetable the atmosphere
of the pack was more important than the temperature of storage, but proper
blanching of carrots was also important. Unless blanching was to that point &t
which only a trace of peroxidase remained, the keeping quality was inferior.

Specifically, gas packing delayed the onset of discoloration, off-flavours, off-
aromas and vitamin losses. Thus it made possible an attractive, palatable
product of high food value for a considerable time after processing. What wa8
actually accomplished in gas packing was replacement of air with an inert gas.
Since it was essential to have as low an oxygen content as possible it was neces”
sary ‘that the gassing procedure be executed with maximum efficiency. It was
also necessary that the operation be carried out at the plants. Therefore, #
method of packing suitable for plant use had to be devised. ’

Method of Gas-Packing.—As the containers fer export were large, 5-gallob
size, collapse of the packages was prevented by placing them in a vacuu®
chamber or “iron lung” and drawing the vacuum. At first, a small hole wa8
punctured in one corner of the can. This was soldered when the can was remove
after displacement of the air by the gas. Later, unsealed containers with the
can covers covering the opening but held up by a wedge were vacuumized al
gassed. On removal from the lung the wedge was withdrawn and the can seale
automatically. The method of gas packing fer plant use was prepared by W. R.
Phillips. Although this was not published, the mimeographed instructions, “G8%
Packing Methods for Dehydration Plants”, was supplied to the industry.

Method of Gas Analysis.—Since in the contracts with Britain, gas pac_king
was obligatory for certain vegetables and since the maximum oxygen permitte
in gas packing was two per cent, a quick method of determining the oxyge?
content of the pack was necessary. The method put into practice, “Simp’é
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Methods for Determining Oxygen in Gas-Packed Dehydrated Vegetables” by

C. C. Strachan, Food in Canada, 2:11-13, May, 1942, utilized portable
apparatus. Inspectors supplied with this equipment were able to conduct the
analyses at several plants. Laboratory apparatus was designed by F. R. N.
Conlin of the Divisional staff for both the gas packing and gas analyses of the
experimental packages, generally 28-oz. tins. The details of this apparatus are
described in the above article.

Containers

The packaging of dehydrated vegetables is vitally important. Since a low
moisture content 1s imperative for keeping quality, the container must of
necessity be moisture-vapour proof. Moreover, as longevity of the product is
increased when an inert gas (N, or CO.) is used, the package should be gas- or
air-tight so that the oxygen of the external air ecannot replace the inert gas
atmosphere of the pack. ‘

At first the export container used was a 5-gallon plug lid tin with a

“soldered over-cover (cap). To speed up packaging technique and to avoid high

costs of labour and solder, investigations were started in co-operation with the
American Can Company to develop an automatic closing seamed lid. The
container developed eliminated much of the gas leakage troubles encountered
with the hand sealed type. '

During this period of development the short supply of tin plate threatened to
become very serious. Containers made of bonderized iron were tried. Because
of soldering difficulties these were not satisfactory for vegetables requiring
gas-packing, but they were used for potatoes, Fortunately, sufficient tin plate was
available to supply the needs of the wartime dehydration industry for those
vegetables requiring gas-packing. -

The dehydrated vegetables were filled into the containers through a chute
and settled by rocking, since ramming or pounding broke up the material
excessively. :

Investigational work to locate a satisfactory substitute for the metal con-
tainer was carried on, but none was found that was absolutely moisture-vapour
Proof and gas-tight. However, with products packed for domestic use and placed
in short controlled storage until release, and then with a quick turn-over,
certain moisture-vapour-resistant materials were of value. Foils were of definite
value but presented problems in gas-packing because gas leakage occurred at
the seams when even slight pressure, as pressure from the weight of a low
stack of packages, was exerted. ‘

Compression of Dehydrated Vegetables—Compression of vegetables,
especially with packaging of the compressed blocks in tin, was cf very definite
Value in decreasing metal weight, container cost and shipping space. All were
Important in the war economy with tin in short supply and shipping space at a
Premium. The vegetables had to be heated slightly. This rendered them plastic
and cut down breakage during compression, Atmospheric volume in the con-
tainer was reduced since generally a four-fold volume of compressed product
could occupy the same space. In an ungassed tin of compressed dehydrated
Vegetables the ratio of oxygen weight to weight of product is decreased. The
effect of this decrease of oxygen in experimentally packed carrots was parallel

the effects of gas packing on the palatability, carotene content and longevity. -
owever, in Canada, the compression of dehydrated vegetables did not go
beyond the laboratory stage because of the difficulties of the machine tool
Industry in apportioning time, manpower and steel in time of war for turning out
€ necessary industrial machinery. The experimental compression of potatoes
Was unsatisfactory. Either excessive breakage occurred or a higher moisture
tontent plus heat was necessary to render them plastic for compression purposes.
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This necessitated redrying the blecks to ensure a long keep. In preparation for
the table, disintegration of heavily compressed blocks of potatoes was difficult
even with long boiling periods.

More details of the packaging and compression experiments at the Division
of Horticulture appear in “Packaging Methods for Dehydrated Vegetables” by
M. B. Davis and W. R. Phillips. Food in Canada, 3:23-25. Apr., 1943.

Fruit Dehydration

Blueberries—Certain areas of Quebec, New Brunswick and Nova Scotia are
large producers of native blueberries. These are generally shipped in the fresh
or frozen state. Frequently, because of softness, moulds develop. Losses could
be avoided by processing at the areas of production. Canning is one methed of
preservation but in wartime, tin was in short supply. The laboratory developed
a method of dehydrating the fruit which could then be packed in boxes lined with
waxed paper. In such a container the fruit held initial quality for extended
periods. The laboratory method was tried out in a commercial plant in the
Lake St. John area of Quebec. The blueberries were dried to 12-14 per cent
moisture with a drying ratio of 5-8:1.

Dehydration of huckleberries and high-bush blueberries in the United States
at this time required 13 hours or longer. The new Canadian treatment per-
mitted drying of the fruit in three and one-third to four hours. The treatment
was & controlled two-second 0-3 to 0:47 per cent lye dip at 200° F. before
traying and drying.

The drawback to dehydrated blueberries is their refreshing value. Just as
with vegetables and most fruits, the moisture removed during dehydration is
usually not completely replaced during refreshing. In most cases the weight of
the cooked drained product is approximately 50 per cent of the fresh, Market
prices of dehydrated blueberries are necessarily much higher and this is a
definite deterrent. However, these dehydrated blueberries have a long shelf
life. Packaged in wax wrapped cartons they were still palatable with two years’
storage at laboratory temperatures. At eight months dehydrated blueberries
were superior to blueberries frozen in six-quart baskets and stored the same
length of time. The details of the work on blueberry dehydration may be
found in “Dehydration of Lowbush Blueberries” by C. C. Eidt and Mary
MacArthur. Focd in Canada, 4: 22, 26, 28. Dec., 1944.

Rhubarb.—In the rhubarb dehydration experiments, an exceptionally good
product was obtained when the raw rhubarb was sliced in a Sterling bean
slicer. Dehydration was rapid. Moisture was reduced to 4-0 to 5-0 per cent in
three hours in a two-stage tunnel. The product did not require a refreshing
period. Merely adding hot water and then bringing to a boil and ccoking with
sugar as fresh rhubarb gave a very good sauce. However, this rhubarb sauce
was similar in appearance to cooked sieved fresh rhubarb. When rhubarb was
sectioned, then dehydrated, the cooked individual pieces were somewhat tough;
that is, the re-absorption of water was not as efficient. These preducts kept well
in waxed paper bags. Sealing hermetically was not necessary.

Apples.—The dehydration of both apple rings and sections after a pre-
treatment in sulphite solutions gave a product quite as satisfactory as treat-
ments with gaseous 80,. Stored sulphited dehydrated apples retained the
original colour except when placed in accelerated storage, 100° F. With low
moisture contents the sulphited apples had a long keep, but these low moisture
- apples required a long cook. A deterrent to treating in sulphite solutions is the
-danger of slight to severe “inky” discoloraticn in the drying apple. Iron cop-
tamination in the processing water increases the hazards of discoloration.
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Fruit Juice Produects

At the time of publication of the 1831-33 Progress Report, the laboratory
had perfected a method for the manufacture of bottled cider in closed curveé
using commercial equipment available without royalty rights attached, and had
also been investigating the possibilities of apple by-products. The details of
cider manufacture may be found in “The Manufacture of Sweet and Fermented
Cider by the Closed Curvée Method” by M. B. Davis, Fruit Prod. Jour. 12:294-
298, 315. June, 1933. About this time, fruit production in Canada had increased.
This necessitated mcre rigid grading which created a demand for an outlet
Other than the fresh fruit market for the lower grade and cull fruit. Since fruit
Juices appeared to offer an opportunity, the laboratory undertook the following
Investigations: (1) Development of a method for the manufacture of a satis-
factcry cider from Canadian apples; (2) Examination of the vintage quality of
Lanadian varieties; (3) Exploration of the possibilities for utilization of fruit
Juices; and (4) Solution for difficulties in bottle sterilization, pectin cloud,
enzymatic control and related problems.

Cider

Ciders prepared in the 1933-34 season darkened in the bottle, were cloudy
Cr opaque, and harsh in flavour. Fined lots showed less sedimentation than
unfined lots. Calcium carbonate as a neutralizer in the reduction of acidity
had no ultimate effect. High alcohol content (12-65 per cent) did not have any
effect in reducing the objectionable flavour. The conclusions were that the
detrimental changes were caused by the action of enzymes which were not
removed in the sterilization filtration.
Y With this in view juices were treated with Pectinol A to coagulate the
Inajor portion of the pectic matter. After coagulation the juice was clarified and
fermented. At the desired stage of fermentation, filtration was followed by flash
Dasteurization at 165°-170° F. and passed to the cooling tank. The cider was
bottled by the established method. At cellar storage no sediment occurred; at
9°F, a slight sediment appeared, but at both storages the flavour was
?Xcgallen't. Trials on the desirable amount of fermentation for sweet cider
Indicased that a ten point drop in specific gravity was the maximum for
Tetention of fresh fruit flavour.

Frozen Juice for Cider—With batch production of cider, freshly pressed
&pple juice is not always available. The feasibility of using frozen juice was
ftudied. The frozen product was quite satisfactory, for with five months’ freez-
Ing storage the sp. gr., acidity and per cent tannin was practically the same
83 before freezing.

Discoloration, Sedimentation and Their Control—Since a greenish dis-
Coloration appeared in some of the ciders, it was suspected that there was copper
Contamination. This proved to be the case and the different pieces of machinery
Used. for cider processing were investigated to determine their effect in increasing
. 1€ copper content. Centrifuging removed copper as expected. Most of the
. Sontamination occurred in passage through the filter plates, especially where the

:31%1‘ plating was worn to the copper base and when the speed of filtration was
ow. ’

In studies on obtaining absolute sterility in cider processing, the Seitz
8erm-proofing filter was efficient up tc pump pressures of 24 pounds. _No con-

8mination resulted from the Seitz sterilizing filter or the bottling" machine
When these were steam sterilized before using and no.contamination occurred
T™om the air filter. The sources of contamination were in the crowns and in
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bottle sterilization. Air peckets during sterilization of these were the chief
offenders but inefficiency of the caustic rinse of new bottles, especially at low
temperatures, also contributed.

Although darkening of bottled ciders was entirely controlled by flash

pasteurization (two minutes at 170° F.) prior to bottling, sedimentation still
cecurred. .

In bottle washing, a chlorine rinse was used as the final stage of sterilization.
In studies on the effect of chlorine concentration in the rinse with its consequent
increase of residual chlorine in the bottle, increasing the concentration always
meant that a sediment was thrown down in the bottled cider. Moreover, with
the higher concentrations, sedimentation occurred earlier. A limit of 250 p.p.m.
chlorine in the rinse followed by efficient draining avoided this sedimentation.

Sedimentation was then controlled by:

1. Treatment of the fresh juice with Pectinol A,

2. Flash pasteurization for two minutes at 170° F. under anaerobic
conditions,

3. Prevention of contact of the cider with metals or minerals it is able
to dissolve and, '

4."' Therough rinsing or draining of the bottles treated with chlorine
solutions. "

Sterilization—When difficulties were being experienced in achieving com-
plete sterilization, several processes purported to give the desired results were
investigated. Among these was one based on sterilization by ionic silver. In the
exhaustive tests it was discovered that not ionized silver but low temperature -
pasteurization was the effective agency. Studies on low temperature pasteur-
ization were continued and the results enabled the simplification of processing
certain types of cider. Pasteurization prior to bottling at 140° F. for four
minutes with processing of the cooled bottled product by a gradual rise to
135° F. and holding for 30 minutes at that temperature eliminated the need for
sterility of crowns and for chlorine treatment of the bottles. - These ciders so’
treated did not throw down any sediment and retained excellent flavour, The
advantages over the cold sterilization (sterilizing-filtration) method for those
cider types where heat treatment could be used were:

1. Economy in the use of coarser filtering films, ‘

2. More body and flavour in the cider as a result of rougher filtration,

3. Elimination of sterility requirements in equipment and container, and

4. Increase of stability in the bottled cider.

Cider Apples—TFrom the earlier investigations on suitability cf apples for
cider processing, it was known that high sugar content coupled with an acidity of
about 0-5 and tannin about 0-1 per cent were desirable features. In the first
series of tests on the suitability of Canadian apples, three Rosthern seedlings
gave juices with these desired characteristics. In co-operation with the Quebec
government thorough trials were made on the value of Quebec-grown apples. In
most cases juice from a single culinary or dessert apple variety did not give a
good cider, but blends of juices could be adjusted to give better products:
Deficiency of tannin can be corrected by the addition.of crabapple juice. The
best Canadian ciders were made from blends of culinary or dessert and bitter-
sweet types.

Methods of preparation and processing the various types of fermented cider
were perfected. The several methods may be found in “The Preparation of
Fermented Ciders” by R. W. Arengo-Jones. Fruit Prod. Jour. 20: 300-303, 321;
338-9, 353, 355. 372-374. June, July and August, 1941.
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Carbonation of Cider—In the preparation of sparkling ciders there was
Occasionally a need for carbonation of the preduct, especially when dry ciders
Were being handled and it was not desired to re-ferment. A method for carbona-
ton with dry ice or solid CO, was developed to replace carbonation with com-
Pressed gas. The new methed was so simple that the laboratory adopted it
almost exclusively in cider carbonation. The method is described in “Carbona-
tion of Cider with Dry Ice” by R. W. Arengo-Jones. Fruit. Prod. Jour. 18:297.
June, 1939,

. Cider manufacture is a latent Canadian industry. There are two main
Impediments to full scale industrial processing. The first is that it is an
alcoholic beverage and as such comes under liquor control regulations. Second,
Cider as a beverage is little known in North America. This lack of familiarity
48 meant a decidedly limited demand.
_Vinegar .

. Since vinegar is an important juice product of the apple the manufacture of
this commodity was also explored. The method of manufacture is included in
he cider article. Although cider vinegar is one of the best flavoured of the
Vinegars, the brownish colour is a sales deterrent. A process, “The Production
of Digtilled Cider Vinegar” by R. W. Arengo-Jones, Canadian Food Packer,
2:13, June, 1941, was developed by the laboratory whereby cider vinegar is
Yacuum-distilled to give a colourless product. There is a 98 per cent recovery
With virtually no loss in acetic acid strength and the distilled product retains the
avour, aroma and softness of cider vinegar. Several Canadian plants produce
distilled cider vinegar by the method developed in the laboratory.

4pple Jyice

Fining—Small lots of “still” apple juice were occasionally prepared when
®der was made. Indifferent success resulted from the first enzyme treatments
of the fresh juice for the precipitation of the pectinous compound. Experiments
Showed that the enzyme preparations were variable. Gelatin-tannin treatments
Or the game purpose—gelatin to precipitate the pectin and tannin to replace
t'h“; natural tannin thrown down during pectin precipitation—often resulted in
a Jl{ice of lighter colour, but at the sacrifice of some of the flavour. With
Stabilization of the -enzyme preparations by the supply companies enabling
Uplicate reactions, and when juice was not too highly fined if gelatin-tannin
Was used, either the enzymic cr the tan-gel treatment could be used with
xcellent results. '

th'. Sterilization—At first apple juice was sterilized l_>y. a ﬁltra:t@on met}lod but
d 8 was not always satisfactory. Frequently the juice .lo:st its clquty and
fteriorated in flavour. Flash pasteurization prior to sterilizing-filtration over-
ame these defects but it was still difficult to bottle the juice under completely
Dr?)%tic conditions. After-processing the bottled juice gave a stable, sterile
uct, ’
ste _The three steps to get sterility in bottled apple juice—flash pasteurization,
Tilizing-filtration and after-processing—meant that the total processing period
aas long and.each step naturally reduced the fresh flavour. The laboratory made
Steam jacketed, flattened block tin flash-pasteurizer which solved the problem.
ju‘i’t.h sterilizing-filtration and after-processing could be eliminated when filtered
eace wag flash-pasteurized 10 seconds at 180° F., filled hot into bottles and
- ““Pped without headspace at once.

tat Containers—Mainly because of breakage, bottles were not completely
of Bfactory, so a search was made for other suitable containers. Plain cans
daeetlvely coated with mineral oil resisted corrosion, but there was always

Nger of an oil scum on the juice. Untreated plain tins corroded, and the
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R-enamelled cans picked up a distinet flavour from the lining. Finally, .
re-enamelled Type L charcoal tins were found to be the most suitable.

A complete bulletin on apple juice processing was prepared. The bulletin,
“The Preparation and Preservation of Apple Juice” by R. W. Arengo-Jones,
appeared in The Fruit Products Journal, 19: 327-330; 356-358, 375, 377. July
and Aug., 1940 and 20:-7-9, 23; 47-51. Sept. and Oct., 1940.

Immediately after solving the difficulties in apple juice processing, canning
lines for this product were designed for several Canadian plants. The laboratory
provided supervisory assistance during their construction, installation and at -
the initial operation. Establishment of these plants in 1939 and 1940 and of
many others since that date has necessitated the grading cf apple juice. Quality
is based mainly on specific gravity and flavour. At first the laboratory assisted
the Marketing Service in routine testing of .all Canadian produced apple juice.
This assistance is now.generally limited to those inspectors serving plants In
Ontario and Quebec.

Fortification of Apple Juice—In the early years of World War II, as a result
of the paucity of citrus juices on the Canadian market the laboratory ‘at Kentville
initiated experiments on fortifying apple juice with ascorbic acid as a move
towards supplementing the alimentary intake of this vitamin. In a series of
co-operative experiments by the Dominion laboratories at Kentville and Ottawa
and by Macdonald College, methods of fortification and handling that wcpld
ensure a definite ascorbic acid content for'at least one year after processing
were developed. .

A patent was taken out and assigned to the Dominion Department of
Agriculture. This is a service patent only and as such merely regulates forti~
ficaticn and «protects consumers. During the war years fortification of tinned
apple juice was mandatory. A number of Canadian plants have since con-
tinued to fortify their apple juice because of public demand for this type.
Details on vitamin C fortification may be found in “Vitamin C Fortification of
Apple Juice” by F. B. Johnston. Fruit Prod. Jour. 22:195-197. March, 1943.

The apple juice industry of Canada has expanded to a present annual pro-
duction of approximately three and three-quarter million gallons.

Apple Syrups and Esters

Initially, Stark apple juice was used for the experiments. The acidity of the
juice was reduced with CaCOj, then Pectinol-treated, filtered, but not pasteur-
ized, and sugar added. The sugared juice was concentrated under vacuum to
sp. gr. 1-320. In the series, the syrup with 20 per cent added sugars, sucrose OF
glucose to sucrose in a 1 to 1 ratio, was the best. .

Pasteurizaticn was investigated next. Either the filtered juice was pasteur-
ized or the concentrate was after-pasteurized, and in one case volatiles ( esters)
from distilled juice were added to the concentrate before final pasteurization. =

Where no pasteurization was employed, the syrups not only developé®
yeasts and moulds but also threw a sediment within a month. This sediment
was caused by the continued acticn of the Pectinol. Where the juice alone W88
pasteurized, the syrups developed yeasts and moulds but these did not appes®
in the after-pasteurized concentrates. Added apple esters definitely improve
the flavour. .

However, with longer periods of storage, sedifmentation occurred in the -
pasteurized syrups. This sediment was mainly calcium malate. It appeared }3,
those juices treated with CaCOg for acidity reduction. Such sedimentation Al
not occur when activated carbon was used for decolorizing and sodiu®
bicarbonate for deacidulation, ‘ .

These first apple.syrups were all the added sugar type, but apple juice €05~
centrates without sugar addition were also made, Some of these were merel
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boiled ciders, all of which were dark in colour and highly acid. These were pro-

Quced commercially as was a decolorized deacidulated apple juice concentrate.
ciled cider and deacidulated apple juice concentrate were used industrially.
nly the latter had local consumption as a table syrup.

Some further work on ester recovery from fresh apple juice was done at the
Ottawa laboratory in 1939, but the main part of this project and its com-
Inercial application was carried out by the Summerland laboratory. One com-
Iercial plant in Nova Scotia has been practising ester recovery as an adjunct to
apple juice concentration. The esters are used as flavouring agents especially in
the bakery and beverage trades.

Be”"y and Soft-Fruit Juices

. The preparation of fruit juice syrups and beverages was a natural adjunct
to the work on development of apple julces and syrups. Preliminary experiments
On extraction were conducted on strawberries, raspberries and black currants. In
Strawberries, fermentation of the pulped fruit alone could- break down the
Pectin and still leave a good strawberry flavour in the expressed juice. In the
Other two fruits the pectin content was so high that the fresh fruit flavour was
estroyed by the time pectin was broken down. The most satisfactory product
Was obtained by heating the pulped fruit to 160° F., pressing, then treating the
JUWice with Pectinol to precipitate the pectin. Syrups of 60° Balling were made
Nerely by adding sugar to the decanted depectinized juice or to the filtered,
“Epectinized juice. :

The following year red currant and gooseberry were hot press extracted only.

Repeats on hot and cold press extractions were made on strawberries, raspberries
d black currants. Slightly higher yields were obtained by fermentation and
°91d_ extraction of the first two while cold pressing of the black currants gave
8n increased yield of almost fifty per cent. In later hot press extractions of
black currants, water was added during heating. This facilitated extraction and
lncl‘(gased the yield to the equivalent of yields by the cold press method. Syrups,
Ensity 55° Balling, made from cold pressed juices clouded in the bottle, indi-
®8ting incomplete pectin breakdown. Some of the first lots of bottled syrups
: shOng fermentation, which was effectively checked in the later lots by the
ddition, of 200 p.p.m. SO,. .

Since an outlet for such natural syrups is the “Milk Bar” where synthetic
Syrup g usually the flavour vehicle, an effort was made to interest such
*tabl'shments in the new products. The natural syrups were admittedly much

Perior in flavour but the obstacle to their use was the cost. Under conditions
bre}'ailing in 1937 the cost of synthetic syrups was so much lower that on the
8818 of costs alone pure fruit syrups could offer no competition.

1 Beverages and Nectars—Nevertheless, the extracted juices had such good
&Vour that the five were. bottled as beverages, using the flash pasteurization
L 9tess, With five months’ storage all juices except strawberry had thrown some
ret ment, again indicating difficulties with the depectinizing enzyme. The juices
‘dined excellent colour and flavour. Flavour was very pronounced and the
1el ty was generally too high. Amelioration was effected by adding an equiva- "
"t volume of 25 or 30 per cent sugar syrup. '

lmCherry, peach, rhubarb and cranberry were added to the list tested in
& The last three were not good enough in quality to recommend. However,
. wDeach nectar prepared in 1939 was outstanding in quality. Elberta peaches
Te peeled and pitted, cocked and sieved. An equal volume of 25 per cent
ploar syrup was added. The nectar was heated to 170° F., filled into No. 1.tall
TN ting and after-processed for six minutes.
fryg The cold press black currant cocktail was also outstanding. The stemmed
1 was crushed, and 0-2 per cent Pectinol was added. After standing three
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days the juices were expressed, filtered, water-diluted to one per cent acid and
the sugar content adjusted to 15 per cent. The mix was flash heated at 180° F.
into enamelled cans. This was the enly juice or cocktail that did not throw &
pectinous precipitate within six months of bottling or canning.

Cloudiness and Precipitation.—During the war years the laboratory con- '
centrated on dehydration and no further work was done on fruit juices. However
with the harvest following the cessation of hostilities fruit juice investigations
were resumed. So far it has not been possible at this laboratory to produce an .
undiluted juice or a fruit cocktail using Pectinol A at rates up to 0-4 per cent 0
fruit or juice weight which does not throw a sediment with a year’s storage at
50° F. These products become cloudy at 6 to 10 months and sedimentation
occurs shortly thereafter. Cloudiness and precipitation were generally avoide
by zero storage of the products. These difficulties are not encountered to any
extent when the juice is used for fruit syrup in a juice to sugar ratio of one t0
cne. Here the addition of 8O, has not been necessary. Only very occasionaHy,
does a hot press syrup cloud or form a precipitate with upwards of 18 months
storage at 50° F. . .

Clarification by heating to 180°F. before filtration and gelatin-tanni?
treatments were tried. Results were quite similar to the Pectinol A treatments-

Tt is clear that the treatments so far tried have failed to prevent precipitation
of pectinous compounds in the fruit juices and beverages. Clouding precedef
precipitation and at precipitation some of the characteristic colouring matter 01 -
the juice is also thrown down. Further work is necessary before a reasonablé
shelf life can be guaranteed. '

Canning

Investigations in canning were in progress at the laboratory during the
latter years of the First World War. A home economist was appointed to the
staff of the Division to determine the best methods of home canning. Severs
bulletins on this subject were published by the Department of Agriculture in th®
following years. ‘ ’

When the 1931-33 Progress Report was published, varieties of fruits an.d :
vegetables grown at the Central Experimental Farm were being tested for the
canning and freezing qualities. Varietal work and home canning methods weré
continued at the laberatory as part of the investigations through 1936. The
expansion of other phases of fruit and vegetable processing and the demands ©
the by-products field necessitated curtailment of investigations on home canmngf-
The home canning section was taken over by the Consumer Service Section 0
the Department thus permitting this laboratory to devote more time to the
requirements of the commercial field. ’

Tomatoes

_Canned Tomatoes—The sanctions of 1935-36 imposed by Great Brital?
against Italy created a strong demand in Britain for canned tomatoes. Hithert®
Italy had supplied a large volume of Britain’s requirements, and the public ta8
in this commeodity was for the Italian style. The Italian style differed from d
Canadian pack in that the fruits were usually whele, firm, small, bland, 8%
usually flavoured with spices such as basil, onion or garlic. K

In the 1935 season, an effort was made by some Canadian canners to p8%
Italian style tomatoes for the British market. A laboratory examination of the
three packs, Italian,- Canadian-Italian style and standard Canadian, show®
that the main difference between the Italian pack and the standard Canadis?
pack was in sugar content and acidity. The Canadian-packed Italian style W d
less sweet and rich than the Italian pack. Italian pack tomatoes were uncore™
and incised to prevent bursting.
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Following this technique, the small fruits of a number of standard Canadian
- Varieties, a Spanish variety, an Italian variety and a small-fruited hybrid were
canned. These were examined at the Ottawa laboratory and in London and
Liverpool by dealers in such commodities. Results indicated that the Canadian
standard varieties could not be packed for export to Britain but that the remain-
Ing varjeties would find a market.

Tomato Juice—Because of the variability in quality of the Canadian pack of
tomato juice, experiments beginning in 1937 were undertaken to determine what
constituted quality in this commodity. Commercially packed juice from all
parts of Canada and juice packed in the laboratory. were analysed for total
Sugar, pH, titratable acidity and suspended solids. The samples were judged

Y colouring, flavour and consistency.

Much variation. was found in the quality of the commercially packed
samples. Good quality was not associated with any sugar-acid balance, but
geod flavour was generally found associated with good colour. Exceptions in
the laboratory pack were where a poorly-flavoured but highly-coloured variety
was used. The colour was found to be affected by the presence of fibrous maitter,
Indicating that the extraction treatment should not be too severe. It was also
affected by over-processing; that is, dull brownish colours were produced by
Over-processing. Juice from unripe tomatoes was poor in colour and had a
distinet “core” flavour, but varieties of gcod canning quality made uniformly
Bood juice if used when red ripe.

Proposed standards for the grading of tomato juice were then prepared
for the Fruit and Vegetable Division, which standards were incorporated in
the Marketing Service regulations.

. Later there was considerable discussion as to the advisability of making
Specific gravity one of the determining factors in the quality evaluation of
tomatq juice. For this investigation, samples of the juice with various pro-
Cessing dates were obtained from eight Canadian sources. These juices had
een plant-graded as Fancy and Choice cn the basis of the regulations in force.
Pecific gravity was determined on juice and filtrate of each sample. The
Ighest specific gravity was 1-0336; the lowest, 1-0233; therefore, the difference
etween highest and lowést was 0-0103. The addition of one per cent salt to an
8Queous solution increases the specific gravity by 0-0053 and two per cent by
*0125. Almost two per cent can be added before the saltiness becomes marked,
and salt and sugar additicn is permitted by regulation. Therefore, unless there
Was a further regulation defining the maximum addition, it would be possible
erely by salt addition to change the specific gravity of a juice sufficiently to
Move it into a higher classification.

For several years the laboratory has been amassing data on tomatoes.
: Very gocd retention of ascorbic aeid is possible with modern methods of pro-
essing, Therefore, it should be possible by tomato breeding for yield, disease
Tesistance, high ascorbic acid content and canning quality to find varieties
Which when canned or made into juice will provide & substantial part of the
letary requirements in ascorbic acid. The vegetable breeding section of the

Vision has this project well in hand.
o That tomatoes, canned and as juice, are important from the standpoint of
Anadian producer and consumer is evidenced by the 1948 commercial produe-
lon figures: Nets of over 137-5 million pounds of canned tomatces and over
*5 million pounds of juice.

ot Tomato Juice Concentrates—Vacuum concentration of tomato juice was

Udied with the specific purpcse of obtaining a commodity of high quality
ich had been reduced to a fraction of its original volume. This would effect
COnomies in the consumption of tin plate, in shipping and in storage, all import-

I wartime.
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Tomato juice was prepared fcr concentration by the usual commercial .
process of mixed varieties. As soon as the juice was extracted by the hot-break,
it was taken to the vacuum pan and concentrated. When the desired stage of
concentration was reached, the vacuum was broken sufficiently to raise the
temperature 40 170° F., at which temperature it was filled into cans, sealed and
boiling water processed. Cencentration caused a partial loss of fresh tomato
flavour, & reduction in apparent sweetness which meant a development of
sharpness and a change in texture. This texture change was a loss of “graini-

ness” resulting in a smoothness in the suspended solids, The colour was only
slightly affected."

Concentration at atmospheric pressure gave a rehydrated product consider-
ably inferior to that from the vacuum concentrate. Lots vacuum concentrated
at 28-5 in. were superior to those concentrated at 27 'in. The rehydrated
vacuum concentrates were quite acceptable to the taste panel. Vitamin O
retention was much greater in the high vacuum lots, and amounted to 12 mg./100
c.c. in the rehydrated product.

A solids content of 22+5 per cent could be obtained readily. In trials for &
higher solids content by vacuum concentration, the product stuck to the walls
of the vacuum pan. Such concentrates were scorched in flavcur and inferior I
colour. By concentration, the weight was reduced 70 per cent and the volume
74 per cent. The sterilization period was an important factor in quality. Reduc-
tion in process time was accomplished by agitator cooking.

¢‘4pples '

Apple Sauces—Canned apple sauce had not attained universal popularity
in Canada mainly because of the form in which it was commonly prepared an
the practice of using any available variety. To improve the product and &0
popularize it, investigations were undertaken on process and variety to attald
that combination of flavour, colour, texture and consistency which would meeb
with consumer approval. .

Eastern Canadian apples were tested. Properly ripened Gravenstein made
the finest sauce. Good quality Northern Spy was considered the next in value
Cox Orange made a sauce of intense flavour, and certain early sorts such 8%
Crimeon Beauty, Duchess, Transparent, Melba and even Blenheim- could be
blended to give satisfactory sauces. -

Colour is governed by variety and process. For retention of colour al}d
flavour the cooking treatments should be as short as possible and to avo}
stackburn the final cooling should be thorough. The most pleasing texture is the
“lumpy”’ type since it more closely resembles home-made sauce, and consgistency
should be such that it will flow without being “sloppy’”.

The laboratory developed a process for the “home-made” style of 's-aupe-']'-n
brief, it consisted of preparation of the proper variety or blend of varietie®
holding the segments in brine'to prevent discoloration, washing, blanching ju .
sufficient to inactivate enzymes and soften the fruit for ready crushing, crushing
in a roller-crusher, cooking to 180° F. in a steam-jacketed kettle with or withou®
water to adjust the consistency, adding 12-5 to 15 per cent sugar, dissolving
and bringing with stirring as quickly as possible to 200° F. or slightly over. -
it is filled at not under 185° F., no after-processing is needed; if under thié
temperature, the processing time depends on the élosing temperature.
cooling must be prompt, thorough and rapid. ! =

The process was immediately put into operation by two Canadian mant;

~ facturers. The details may be found in “A Process for Canning Apple Sauc€
by R. W. Arengo-Jones. Fruit. Prod. Jour. 19:234-235. April, 1940.

Solid Pack Canned Apples—Much difficulty was also experienced by ﬂ!ﬁ
canners in the lack of fresh fruit flavour in their solid pack canned apples. Th!
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product is the pie pack and spices were usually added by the bakers to provide
AMavcur. In precess'ng, the usual practice was a cold brine soak of 24 hours or a
hot brine soak of about 25 minutes, followed by a steam or water blanch,
packing, topping with water, exhausting, closing and processing. ,
. The brine soak removed some air from the intercellular spaces; blanching
dissipated the brine, removed more air and wilted the segments enabling firm
packing. A 12-hcur brine soak followed by a three-minute steam blanch reduced
the estimated air space in the segments by about 90 per cent while a five-
Minute vacuum reduced it even more. A steam blanch of three minutes without
previous soaking reduced the air space by about 75 per cent. Samples of apples
were canned by the first two treatments. Both lost considerable flavour.
In steam blanching, a condensate is formed. In the experiments, this liquid
. “ontained approximately four per cent sugars. A second series of apples was
canned after a steam blanch of four minutes at 190°-200° F. Three of the lots
were cooled to 135°F. or lower, topped with either the condensate or the diluted
condensate, exhausted and processed. A fourth lot was.given the same blanch,
but was filled hot into cans, topped with the undiluted condensate, sealed and
Processed. These four lots were definitely superior in flavour to lots given pre-
treatments in brine, and the hot-filled lot had the best colour. However, in these
four lots there was heavier corrosion of the container than in those.lots with
r'ne pre-treatments.
It is quite possible that vacuumizing in an ester-treated condensate followed
by a short blanch, filling het and topping with further condensate would give a
Solid apple pack of superior flavour. Vacuumizing and blanching would prac-
tically eliminate the air in the tissues, and so tin corrosion would be reduced,
but the total process would be more expensive. '

< .
‘Cranberries

Special work was done cn sauce quality and storage behaviour of upwards
of 30 lots of cranberries from New Brunswick, Nova Scotia and Quebec. The
est seuce was obtained from fruits with 2-50 to 2-65 per cent acidity (as citric)
With a tann‘n content of 0+5 to 0-6 per cent. Fruit with lower tannin contents
Usuel'y made flat- or mild-flaveured sauces and those with high tannin contents
fave astringent sauces. Cellar storage of low humidity adversely affected the
eeping quality of the fresh cranberries so that with 8 to 10 weeks storage
ere was a range of spoilage from 3-5 to 51 with an average of 25 per cent in
23 lots. In only five of the 23 lots were the unspoiled berries firm after the
Storage period. Spoilage and shrivelling could not be associated with fruit size
Or wall thickness.

Other Fryits

. Canners stated that the raspberry variety Cuthbert was becoming increas-
Ingly affected by mosaic and that no strawberry variety grown in quantity was
. Suitable for canning. In these fruits they desired varieties high in canning
Quality which would also be suitable for jam of second quality. To meet the'r
I'e(ll{lremen’cs, canning tests were made on varieties of strawberries and rasp-
eITies from 1934 through 1938. .
These 'samples were examined in the laboratory and the six best of each
were shown at the Convention of the National Canners Association. This group
In 1937 selected Madawaska and King as the outstanding raspberry and straw-
erry respectively. These two fruits had good cultural records. At the 1938
onvention, King again received favourable comment but although exceptionally
€0od for canning and jams, it is not considered a good marketing variety as it
Ulls quickly after harvesting. In 1938 Dunlap and Premier strawberries received
Yery pood and good ratings althcugh both varieties softened more than King.
ldeau raspberry rated good for canning and very good for jam quality while
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a numbered seedling, although it rated very good for both purposes, was con-
sidered by the canners as having tco much blackberry flavour to be classed as
a raspberry. .

In connection with the fruit breeding program, seedlings and varieties are
tested for their canning, jam, jelly and freezing quality when in the opinion
of the plant breeder the cultural records warrant such tests. The results of
these tests are incorporated in their descriptions of the varieties.

SO: Preservation of Strawberries

Large quantities of strawberries preserved in SO, were imported annually
into the United Kingdom from Holland and other nearby countries. Early in the
1930’s Canadian shippers were searching for a suitable formula for preserving
their fruit so that they might compete in this market. Experiments were made
on strawberry preservation in solutions of potassium metabisulphite, calcium ,
bisulphite and sulphur dioxide gas. Sulphur dioxide gas in solution was used
with and without the addition of either calcium carbonate or calcium hydroxide.
The first three chemicals provided the SO, preservative. Calcium compounds
were added to the third for the purpose of firming the fruit.

In appearance, the strawberries treated with the 8O, gas were cleaner and
whiter (better bleached) than those packed with potassium.metabisulphite or
calcium bisulphite. The addition of calcium carbonate and caleium hydroxide
resulted in a greater amount of sediment but this fruit was firmer when made
into jam. A sulphur dioxide concentration as low as 200 p.p.m. was satis-
factory for strawberries packed in jars but was insufficient for barrel packs.

The limit set on SO, content of berries imported into the United Kingdom
is 2000 p.p.m. Approximation of this content when packing prohibits the use
of either of the sulphite salts as sources of SO, since these salts in solution have
both free and combined SO, and to give 2000 p.p.m. free SO, would mean &
much higher concentration of total SO,. !

The experience gained and the results obtained permitted recommendations
on this method of preservation. Briefly these are as follows: ) ‘

1. Sound berries of uniform quality and one variety per barrel should be
hulled and washed before packing,

2. The barrels should be sound and well coopered, preferably paraffined
on the inside,

3. Depending on the ‘variety and condition of the berries, calcium car-
bonate or calcium hydroxide from 0-03 to 0-07 per cent of the berry
weight should be added for firming the fruit.

4. A six per cent SO, solution prepared by bubbling SO, gas through
water should be added to give the mixture of solution and berries 8
concentration of 2000 p.p.m. '

5. Water equal to 10 per cent of the amount of the berries should be
measured in. :

6. To ensure thorough contact and mixing, the container should be shaken
frequently while berries, solution and water are added.

7. The tightly closed barrel should be stored in a cool place one to tw0
days, then any empty space in the container filled either with bIeachqd
berries or with fresh berries, but when using the latter, 5-33 cz. of si¥
pe:(-i (&ent 80, solution per 10 pounds of added fruit should also be
added.

8. The container should then be sealed tightly and stored in a cool place

"~ until shipment,

The outline of the process, “The Preservation of Strawberries in Sulphuf
Dicxide” was prepared in 1936 by Wm. Ferguson of the laboratory for the
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Luidance of processors. Further work on the SO, preservation of fruits was
undertaken by the Summerland laboratory. A comprehensive article, “‘Preserva-
tion of Fruits with Sulphur Dioxide in British Columbia” by F. E. Atkinson
and C. C. Strachan, appeared in Fruit Products Journal, 21, Nos. 1 to 5,
Sfip’cember, 1941 to January, 1942. This deals with the methods for several
Inds of fruit. '
. The SO, preservation of strawberries has several advantages; low cost,
Speed of handling fruit in bulk, suitability of the container for bulk shipments,
Casy removal of the preservative, and period of effectiveness of that preservative.
1s period is from one to two years which allows ample time for storage, ship-
Ment and manufacture. Much of the fruit preserved in 8O, is for second grade
Jam manufacture and this type of preservation extends the processing season.
The SO, pack has generally increased yearly and over 26 million pounds
Were processed in Canada in 1946. Until very recently Britain was the largest
Mmporter but the present dollar shortage in that country has curtailed imports
of this commodity.

Veéetables 3

Most of the vegetable canning from the year 1934 to the present has been
I conjunction with tests on the canning and freezing quality of varieties and,
0 a limited extent, on the effect of canning on the ascorbic acid content. The
Vegetable canning industry of Canada is on a very sound basis. The larger
anning companies have their own research laboratories as have the several
anners’ machinery and supply companies. The smaller companies, although
€Y may not have individual research laboratories, enjoy the benefits of research
Provided by the can companies, equipment and supply firms, and the federal
ad provincial departments of agriculture.

Freezing

; On completion of the original cold storage plant at the Division in 1932,
nV_estxxgations were made on the freezing of raspberries and strawberries for

Inary purposes. With few exceptions the freezing of fruit in Canada had
reen confined to freezing pulp or small fruits in forty-gallon barrels for
_ s?‘manufacture into jam or for pie-making. For several years loganberries and
' Tawberries had been frozen in British Columbia for the consumer market.
a € public was not at all apathetic to the new product, but because of lack of
~UVertising and inefficient distribution it did not gain in popularity.

F .
tree Eastern Commercial Production

ing From the result of the 1932 pack, the ppssibilities i_n development of an
P ustry that Would .beneﬁt producer, espec}'a_lly the primary producer, and
NSumer were immediately seen by the Dominion Horticulturist, M. B. Davis.
der hig supervision sufficient quantities for a ccmmereial trial of the two
o its were prepared and frozen in 1933. The support and co-operation of a
in *:L dairy was obtained. This dairy stored the products and marketed them
ext e Ottawa area. The enthusiastic response of the consumers prompted an
- ?psxon of the marketing trials to Toronto in 1934.
ﬁeidAt this t_ime the first ecommercial concern in Eastern Canada to enter the
o of fljeezmg consumer packages of fruits and vegetables was established.
labooperatlon between the laboratery and this infant industry enabled the
. ratory to verify methods of handling, packing and storage on the pilot plant
Dl‘otfl’ and at the same time continue the pursuit of solutions to the numerous
€ms arising from a new method of food processing.
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Field of Investigation

Since the aim of the labcratory was greater improvement of the final
product, varietal adaptability of fruits and vegetables, syrups and sugars for
fruits, brines and dry packs for vegetables, methods of pre-treatment and con-
tainers, temperatures of freezing and storage, methods and rates of freezing an
a host of other problems were investigated. Some of these problems could be
undertaken at once, others had to wait till more facilities were available, This |
was forthcoming shortly with the expansion of the cold storage and provision
for more freezing and storage rooms. '

The war years with their urgent need for more information on vegetable
dehydration necessitated the temporary transfer of priority in research to that
field. Concerted investigation in the field of freezing was resumed when the war
ended.

Varietal Adaptability—Most of the new varieties tested cr originated at -
the Central Experimental Farm are subjected to freezing preservation tests a¢
part of the breeding program. The samples are withdrawn periodically from
freezing storage and are assessed for palatability by a taste panel. If these
fruits or vegetables have a good freezing value, the informatien is incorporate
in the fruit and vegetable breeder’s descriptions of varieties. .

The best varieties cf fruits and vegetables for freezing purposes are listed 1
“The Preservation of Fruits and Vegetables by Freezing” by R. W. Arengo-
Jones, Bull. 12, 1937, and in “Frozen Fruits and Vegetables”, a bulletin prepared
for the Fruit and Vegetable Products Research Committee of the Dominion
Department of Agriculture and published in 1949,

It must be stated, however, that although certain recommendations OB
varieties are made in these bulletins, they were varieties grown at Ottawa and
a variety found suitable in one locality may or may not be suitable elsewhere:

Syrups and Sugars.—The sugar and syrup strengths found in the Marketing
Service regulations governing frozen fruit were based mainly on the results ©
‘experiments conducted at the laboratory. No sugar or combination of sugars, an
no syrup or combination of syrups or honey, gave the quality. results found when -
sucrose or sucrose syrup was used. When cerelose was used alone or with sucros¢
either dry or as a syrup on strawberries, the strawberries developed a faint 0
offensive purplish off-colour, Glucose-treated strawberries were definitely lower
in flavour value. Fruits packed with honey, diluted honey, or honey and syrup:. .
took on the honey flavour. .

In all the most recent tests the overall palatability value of fruits packed :
in syrup is slightly better than when packed with dry sugar, but frequently the
flavour of sugared fruit is better. Althcugh oxidation of the fruit is decreased
syrup dilutes the flavour of soft fruits.

Dry and Wet Packs—The “wet” fruit pack is the syrup pack while the
corresponding “wet”’ vegetable pack means packaging in brine. There is som®
virtue in brine packing. For extended storage as for over a year, brine pac 8
are better than dry packs since there is less oxidation, and desiccation ssh'(""’s
up more in a dry than a brine pack. However, the percentage of salt used i8 #
facter in the flavour value. A three per cent solution generally imparted
pickled flavour, especially to green and wax beans; a two per cent solution V{"’;
too salty; one to 1:5 per cent solutions were much better. Nevertheless, wit
good packages and with storages in which the temperature fluctuations 8f
reduced to narrow limits, dry packing of vegetables gavé consistently bette!
results except in certain initial experiments where cne palatability test oB A
was made (see p. 227). When cooked, the texture of brine-packed vegetablé
is usually soft and the colour not so bright. The colour difference is causé ¢
- partly by the longer period of time required for cooking, but the colour of th
frezen or the thawed uncooked brined vegetable is not so good as the dry.
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Inhibition of Browning in Peaches and Apples.—Certain fruits, notably

Peaches and apples, are very prone to oxidative browning especially during thaw-

Ing. Experiments on the reduction of browning in peaches using Avenex, citric
acid, ascorbic acid, ethylene and CO, gases, and certain industrial anti-oxidants,
although these latter were mainly fat-antioxidants, indicated that ascorbic acid
added to a covering syrup of 45° Brix at the rate of 200 mg./lb. of sliced or
sectioned peaches was the most effective. Reduction of browning may be accom-
plished by the use of SO, compounds; but when SO, is added in sufficient
Sstrength to inhibit the browning, the thawed uncooked peach has an SO,
flavour. Blanching or pre-cooking peaches befcre packing inhibits or destroys the
browning enzymes but in this instance the peach has a “canned” flavour.
Internal browning appears in apple sections that have been covered with
SYrups containing as much as 500 mg. of ascorbic acid per lb. of apples. This
Internal browning is reduced materially if the -apple slices are vacuumized in
Syrup with added ascorbic acid. Such quantities of ascorbic acid are expensive.
very effective method of inhibiting the browning in apples is by treating

them with a solution of one of several SO, compounds, as ' solution of potas-

Slum metabisulphite or sodium sulphite.

The treatment is basically a two- to three-minute dip of the sections in a
2500-3000 p.p.m. solution followed by draining before packing. If the packed
Product is held three to four hours before freezing, it permits penetration of
he 80, to the centre of the section. This treatment, though it imparts an SO,

avour to the thawed raw apple, is very suitable for apples that are to'be
Cooked before eating; that is, for use in pies and sauces since the after-cooking
drives off the SO, flavour, The details of this treatment may be found in

pples—Experiments in Freezing Preservation” and “Further Investigations
on Freezing Apples for Bakers' Use” by Mary MacArthur. Canadian Food

Packer, 16: April and August, 1945.

Superiority of “Crush” of Soft Fruits.—Some of the first experiments were
on freezing whole, sliced or crushed strawberries with dry sugar. The flavour
Value of the crush is superior to the sliced which in turn is better than that of

€ whole fruit. The flavour of raspberry crush is -also better than when the
raspberries are packed ‘whole with sugar. In crushing the fruit it is not neces-
i!;ry to reduce it to a pulp to bring out the flavour. All that is required is to

eak some of the fruit and mix in the sugar, permitting it to dissolve in the
Yeleaged juices. - : '

It was thought that enhancement of flavour might be attained by coating
Prepared whole strawberries with sugar and holding before freezing. Holding
2r two hours did improve the flavour but holding for four hours imparted a

Preserved” flavour. In freezing without holds the undissolved sugar is usually
%zl‘t‘gd, either dry at the top of the carton or mainly partly dissolved at the
Om.

v Importance of Blanching Vegetables.—The most important pre-treatment of
€getables is the blanch or scald. The freezing preservation of vegetables met
o very indifferent success before blanching was practised. Blanching reduces
,altdestroys the oxidative enzymes which would otherwise continue their reactions,
Hthough'at a much reduced rate, during the freezing storage. Unless blanching
Practised, objectionable “hay-like” flavours and odours develop in the
Ooduct, Blanching also reduces the microbial load.

Blanching should, be to that point at which only a trace of peroxidase
ﬁm@lns in the product. The time element depends on the product. A steam
atanch of peas at 212° F. causes “splits” which is avoided by water blanching
I 190? to 200° F. Water blanching of spinach is superior to steam sinee steam

9J:Ghmg mats the product and frequently the internal layers of the spinach

8685—15
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are not blanched at all. They are insulated from the steam by the matted outer
layers. However, most vegetables are steam blanched. Steam blanching reduces
the leaching loss of soluble solids.

Pre-cooked Vegetables—Certain vegetables are better in quality if they
are given a complete pre-cook. Beets, carrots, pumpkin and squash belong in
this group. Carrots were much better in flavour when peeled, diced, completely
cooked by a steam blanch, cooled, packed and frozen; beets were better when
cooked, peeled, diced or sliced, and frozen. Squash and pumpkin gave better
results when the washed, split, de-seeded fruit was cocked by a steam blanch,
then the pulp scooped from the rind if the rind was of the bony type. It is not
necessary to scoop out the pulp in squash and pumpkin if the skin is yellow and
softens during the blanch. The pulp was screened (pureed) and cooled before
packing. In the pre-cooked vegetables, preparation fer the table is merely by
heating in a double boiler.

The specific recommendations on pre-treatments are given in the bulletin,
“Frozen Fruits and Vegetables.”

Containers—A prime requisite of a good container for frozen products is
the prevention of moisture loss. The ideal container is moisture-vapour-proof
and is so shaped that it can be stacked without loss of space. The objections to
the tin can are the space loss and the danger of treating canned frozen products
as the usual sterile canned goods.

~ Tins were used in gas-packing tests; that is, replacing the air in the tin
with Ny or COg to prevent oxidation. Only dry sugar-packed fruits were so
treated. They were not so good in appearance as the checks because of collapse
of fruit tissue during treatment. Heavily waxed cylindrical cartons are good
consumer packages but the objection to these is waste space in stacking. A
heat-sealed cellophane bag liner in a prctective rectangular carton gave good
results but this container requires a greater expenditure of labour in packing and
sealing and takes longer to freeze. Tests on the new commercial rectangular
wax-impregnated fibreboard carton with metal ends indicate that it is at least as
good for quality retention as the heavily waxed cylindrical carton. This package,
being machine sealed, lends itself readily to a mechanized packing line, and it
gtacks without space waste. The glass jar is not generally used commercially.
Although it ¥ a moisture-vapour-proof container there is danger of breakage,
and it does not stack well.

The results of experiments to determine moisture loss from various packages
of different products during freezing storage may be found in “Frozen Food
Packaging Tests” by W. R. Phiilips. Can. Food Ind. 18: 17-20. Dec., 1947.

Methods and Rates of Freezing—Exhaustive experiments were made on the
effect of temperatures, methods and rates of freezing, and temperatures of
storage on the quality of fruits and vegetables.

Strawberries and raspberries in consumer packages were “satisfactorily”
frozen at 12° F. (see “Freezing Small Fruits” by M. B. Davis. 39th Ann. Repo
Que. Pom. and Fruit Growing Soc. 1932). However, the same investigators
obtained better preservation of the original properties and greater retardation
in growth of micro-organisms with freezing at temperatures between Q° an
—10°F. and holding at 0° F.

- Initial Packaging and Freezing Experiments.—In 1939 and 1940 a compars-
tive study was made of commercial methods of freezing. Asparagus, peas, Wa¥
beans, strawberries and raspberries were frozen at —50° and at 0° F. They weré
frozen by (1) direct airblast on the product and packaged after freezing; (2) 8177
blast on the packed product; (3) immersion, with packaging after freezing an
(4) contact. The pack types were dry and brine for vegetables, sugar an¢
gyrup. for fruits. Solutions for immersion freezing of vegetables were 30 Pe¥
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cent. CaCl, for —50°, and 30 per cent NaCl for 0°F.; for fruits at both

~ temperatures, alcohol-glycerine-water in a 50-30-20 ratio. Storages were at —50°,
° and 10° F. The material at —50° F. remained at that temperature one to

three months only, the time depending on the processing date, ‘because certain

difficulties forced the raising of this room to 0° F. early in September. An

Ammonia leak cccurred in the 10° F. room in the early fall. Subsequent examina-

tions revealed that the ammonia had so affected both the colour and flavour of

the samples that they were not subjected to the physical tests.

Resulss of the Physical Examinations of Initial Tests

. Examinations were made after three or five months’ storage with the follow-

Ing results: :

Vegetables.—All immersion frozen lots were inferior. Even though the
Products were centrifuged after freezing for removal of the freezing solutions,
they were either bitter or very salty. Enough of the solution remained to cause

1s flavour effect. It is quite possible that immersing packaged material in
reezing solutions would give better results. '
. No one method of freezing gave consistently better quality in the three
Vegetables. Eliminating the immersion method, there was a tendency to better
Quality with low freezing temperature, and generally, with low storage tem-
Derature. There was no consistent superiority between packing before and after
freezing, Packing before freezing was better in asparagus; packing after, in
Peas. Brine packs of peas and asparagus appeared to have a slightly higher
Value, but the dry pack of beans was best.
Frequently, there was a slight bleaching of the vegetables frozen at —50° F.

Fruits—All immersion frozen samples were inferior. Packing in syrup
before freezing gave the best results. Material frozen at —50° F. was not
*Superior to that frozen at 0° F.; nor was storage at —50° F. superior to storage
8t 0° F. Bleaching occurred in immersion at —50° F. and in airblast on the
Wnpacked product at the same temperature.
The samples were subjected to the one physical examination. In all later
Work samples were withdrawn periodically and assessed by a panel. Further
Sub-zero freezing and storage was at —20° F.

comparison of Quality in Fast and Slow Frozen Products in Later Experiments

Vegetables.—Thrcugh 15 months’ storage at 0°F., the average palatability
Yalue of fast frozen Stringless Green beans (airblast on the product at —20° F.)
Was only three points higher than the slow frozen (static at 0° F.). The time
Tatio for this slow to fast freezing was six to one. Again, throughout a year’s

Orage, there was no difference in the average palatability of asparagus frozen
¥ & fast, an intermediate and a slow method. Actually, the colour of the
Vegetable frozen by the slowest method was superior in that it was a deeper
8reen, byt the texture of the fast frozen material was the best, making the
&Verage palatability values equal.
fr Fruits —The type of pack is more important than the temperature of
beeng. In flavour value, a “crush” of strawberries or raspberries led, followed
py the syrup, the dry sugar and the no sugar packs in that order. The crush
8cks of strawberries frozen at 0°F. frequently had better flavour than either
'!'ete Syrup or sugar pack frozen at —20° F. Fresh flavour ih all fruits tested was
oalned better at —20° F. than at 0° F. storage. However, there was usually
D ImOX‘q than a ten to fifteen point difference between the highest and the lowest
8latability values when all samples were frozen from one lot of fruit.
of o1 example is a 1947 experiment on Senator Dunlap strawberries.  Samples
\201'}’15}1 were not included. Freezing was limited to an airblast of 500 1.f.p.m, at
aiq-[? F. on the product with syrup and sugar packing after freezing; a similar
last on the packed product, and a static at 0° F. freeze of the packed product.
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All samples were stored at 0° F. The average values through 12 months’ storage
were 85, 81 and 80 respectively in the syrup packs; 79, 74 and 74 in the sugar
packs. This shows that the method of packing was the more important; that
1s, in this instance a syrup pack gave overall better results than a dry sugar
pack; but it also shows that fast freezing resulted in slightly better quality
than slow freezing. The first lot was completely frozen in 45 minutes. Exact
freezing times- for the remaining two lots are not known, but from similar
work the syrup pack froze somewhat more rapidly than the dry pack at the same
temperature and static at 0° F. required about three times as long as an air-
blast of 500 1.f.p.m. at —20° F. on the packed product.

Variation in Freezing Times—At the laboratory complete freezing of
cylindrical pint packages static at 0° F. took 8:5 to 12 hours. The differences
in freezing time are accounted for mainly by differences in the kind of product,
gize of pieces in the pack, weight of pack and whether the pack type was wet or

ry. ' :
The statements already made on the quality of products frozen by the static
at 0° F. method at the laboratory indicate that good results are obtained when
the time element for freezing is up to 12 hours. There is danger in stating that
freezing by static at 0° F. is completely satisfactory. Freezing time at this
temperature is very much extended if containers are large, or if small containers
are stacked.

The Importance of Fresh Quality~—OQOccasionally very wide differences were
found in produects frozen by different methods and rates. Where these differences
occurred, the results were not comparative because of initial differences in the
fresh product. The time differential required for setting up equipment in & freez-
ing room to test the several methods coupled with the numbers of samples needed
. for periodic examinations frequently means that the first and last lots frozen have
different initial values. It is virtually impossible to obtain comparative palat-
ability values if the fruit or vegetable subjected to the experiment is drawn from
different fresh lots.

A case In point was an experiment on three lots of Premier strawberries
from one area very obviously different in their fresh quality. The best palat-
ability of the frozen material was very definitely associated with the highest
quality in the fresh material and not with either the method of freezing or the
temperature of storage.

Leaching Losses—The texture of fast-frozen produets is firmer than the
slow-frozen. Measurements of the drip from thawing fruits and vegetables
showed that more juice with its contained solubles is leached from the slow-
frozen product. This, in fruits, means a flabbier thawed fruit and in vegetables,
a more limp cooked product. Attempts to firm fruits by vacuumizing in syrup
containing varying concentrations of CaCly, pectins or alginates met with
indifferent success.

There is little or no leaching during thawing of fast-frozen peas and
related vegetables such as soybeans and lima beans. These vegetables are much
lower in moisture content than leafy vegetables or fruits. The smaller quantities
of water present when frozen in situ as occurs in very rapid freezing, and whic
will be discussed shortly, appears to be re-absorbed. However, the skin of pess
was generally tougher when frozen either by immersion or unpackaged at a lo%
temperature in high air velocity. In other words, 'rapid freezing tended t0
toughen the skins of peas. v ’ -

The percentage of soluble solids in the cooking water of a weighed amoun®
of asparagus frozen slowly (static at 0° F.) was higher than when the asparagu8
was frozen unpacked in an airblast at —20° F.; that is, there was greater leach”
ing of soluble solids from the slow-frozen product. When either fast or sloW
frozen vegetables are eooked, just as when fresh vegetables are cooked, there 18
a certain amount of leaching of the nutritive constituents, sugars, vitaminés
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minerals and soluble proteins, into the cooking water. This is the principal
reason why housewives are urged by nutritionists to use such cooking liquids in
80ups and sauces.

. Advantages of Fast Freezing—From the standpoint of quality, fast freez-
Ing has a slight advantage, but one very important point in favour of this
Mmethod is the removal of ‘“bottlenecks” in the production line. Details on
experimental work in freezing rates may be found in “Freezing of Commercially
Packaged Asparagus, Strawberries and Corn”, by Mary MacArthur, Fruit
Prod. Jour. 24:238-240. Apr., 1945, and “Freezing Rates of Fruits and Vegetables
?34 yarious Air Velocities” by W. R. Phillips. Refrig. Eng. 53:401-403. May,

What Freezing Does to the Tissues.—Histological examinations on the
effect of freezing and storage were made on those fruits and vegetables subjected
to various methods of freezing and packaging. Detailed microscopic examina-
tions were made on asparagus. This is reported in “The Effect of Method of

reezing, Type of Pack and Storage on Asparagus Tissue” by Mary MacArthur.
Sci. Agr. 28:166-174. April, 1948,

The asparagus tissue examined was frozen in periods ranging from under
two minutes to twelve hours. Very rapid freezing caused little damage to the
tissue. In such, the ice crystals were situated mainly within the cells, but some
Were in the intercellular spaces. In slow-frozen tissue the ice crystals were few
In the cells but massive ice formations were formed in the intercellular spaces.
] hese accretions of ice pushed the tissues apart and formed small to larger
acunage.

The amount of moisture present had a very definite effect on the tissue
Tupture. In brine packed vegetables and syrup packed fruit there was much
more damage to the tissues than dry packs frozen under the same conditions
€ven though the wet packs froze more rapidly. The tissue in wet packs frozen
8t —50° F. was damaged quite severely but in dry packs frozen at that
temperature there was only slight damage. In general, the more slowly either
& wet or a dry packed product was frozen the greater was the extent of tissue
Tupture and the size of the individual ice crystals filling the lacunae. With
;tOI'l?ge, tissue rupture increased and this was more marked in wet than in dry

acks. . N

The Effect of Fluctuating Storage Temperatures—It appears that when
Storage temperatures fluctuate within quite narrow ranges some increase of tissue
Tupture is to be expected. Wet packs subjected to these conditions are more
Prone to the increase of tissue damage than the dry packs,

Dry packed products in sealed 450 M.A.T. cellophane bags placed in a
Common 0°F. storage have shown an increasing amount of loose ice crystals
M the package. The products exhibit some desiccation. The formation and
the increase of these ice crystals are caused by re-crystallization of the vapour
In the package. The door of the common storage room is necessarily opened
Tequently and the air temperature oscillates rather widely. Vapour pressure
In the pack changes and when the temperature is again lowered, deposition of
Ie crystals occurs. That moisture forming the loose crystals is drawn first

Tom the gurface of the product then from deeper in the tissues. With time
€ product in a package subjected to these conditions shows marked desiccation.
€ aforementioned packages have not been weighed. There is probably some

. loss of welght, but an insignificant weight loss in a good package does not

Decessarily mean that the condition of the product has remained static.

Pur, €es and Desserts
h Fruit pulps for jam re-processing were among the first commercially frozen
Orticultural products, and fruit purees have been used for ice cream flavours
water ices. More recently the U.8.D.A. Western Regional Laboratory
4866516
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initiated work on the use of fruit purees as dessert bases. This laboratory has
done considerable experimental work on frozen fruit desserts. Details on this
product may be found in the bulletin “Frozen Fruits and Vegetables”, and in
“Frozen Fruit Desserts” by Mary MacArthur. Can. Food Ind. 18:37-39. Oct.,
1947,

The frozen fruit dessert is essentially a fruit puree plus sugar, water and a
stabilizer which may be gelatin. It is generally made in an ice cream freezer
and has the velvety texture of ice cream, although no milk products are used in
the manufacture.

Practically any fruit may be used as the base. At harvest time the
laboratory prepared purees and also froze both whole and sectioned fruit for
re-processing, The desserts may be made from fresh fruit and placed in freezing
storage; they may be made from the thawed puree or from thawed frozen fruit
which is run through a pureeing machine before making up the mix.

Preparation of Puree and Dessert Mix—For pureeing, a screw extruder
press of stainless steel to prevent anthocyanin discoloration is satisfactory.
Plums, peaches and cherries should be pitted. They are washed, and peeling
of peaches is not necessary. A screen preferably of stainless steel or other non-

-reactive metal should be used for removing the large seeds in raspberries and
currants. If these are not removed, they are not only annoying in the finished
dessert but may impart a woody flavour with storage. '

The fruits may be hot-pressed or cold-pressed. For soft fruits the cold
press is better, but a fruit like the peach which is prone to browning should have
ascorbic acid added during the cold pressing. Apples and pears are not satis-
factory when cold-pressed but make very good products if they are blanched to
inactivate the oxidizing enzymes then pressed. These latter purees are, of course,
thick sauces which are thinned with water in making the mix. Sugars may be
added to the purees before freezing. This is not necessary. These may be
added at the time the desserts are made.

Of more than 12 stabilizers tested, the best was gelatin. About one-half of
one per cent of the total weight of the mix is used but because of natural jelling
properties blueberries and black currants do not need so much, The gelatin is
added to cold water. The water used may range from five to 20 per cent of the
total mix weight depending on the consistency of the puree, the lesser amount
for a thin, more for a thick puree. The gelatin in water is heated in a watet
bath to dissolve. The amount of sugar inclusive of the natural sugars in the
puree may be 30 to 37 per cent of the total mix weight depending on taste
requirements. The sugar is added to the cold or thawed puree and mixed to
dissolve. The cooled, but not jelled, gelatin is added in a thin stream while
beating, and the whole turned into an ice cream freezer. It is then frozen to the
desired overrun, packed in cartons and stored; 0° F. for short storages, —20° F.
for long storages. -

The better all-round desserts were those in which the overrun was 85 to0
100 per cent. Lower overruns gave a very concentrated flavour, and desserts
with overruns of not more than 50 per cent were often “sticky”. Products with
overruns in the neighbourhood of 150 per cent, as is readily obtainable with
cherries, were too fluffy. There was not enough body to volume.

Experiments were conducted on the form in which raspberries should be
stored for these desserts. Purees with and without sugar were frozen and stored
at 0° F. Similarly, whole raspberries were frozen and stored with and without
sugar. There was practically no difference in the desserts made from these four
lots, but a prepared mix withdrawn from storage at the same time, thawed, then
ﬁrgsheld in the freezer did not give an overrun equal to that produced in the
other lots.

Outlet for Surplus Fruits—It is believed that frozen fruit desserts offer 8
good means of utilizing surplus and over-ripe fruit, that is, fruit too ripe for
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shipping. Even with high absorption of fruit by the fresh market, canners and
freezers, there is a small percentage which, if not. used for a product such
- as frozen fruit desserts, would be an economic loss.

Limited commercial trials have been made. The product has met with
consumer approval, but in recent years there has been no glut of fruit in the
Various markets and, therefore, no compulsion towards the utilization of fruit
for this purpose.

48665~16i



DOMINION EXPERIMENTAL SUBSTATION FOR MUCKLANDS

Ste. Clothilde, Quebec
F. 8. Browne

The Substation was established in 1936 following a survey of organic soils
in southwestern Quebec by the Quebec Soil Survey Committee, a joint Pro-
vincial and Dominion organization. This survey indicated that there were
51,000 acres of relatively high quality crganic soils in a comparatively small
area of southwestern Quebec, of which only a very small portion was under
cultivation. In addition, there are other larger areas of organic soils in central
and eastern Quebec and in eastern Ontario which are also largely undeveloped.

The Substation is situated near the village of Ste. Clothilde, Chateauguay
county, Quebec, on an area of muck soil approximately 17,000 acres in extent
and is within easy driving distance of another 20,000 acres. It is thirty-one
miles south of Montreal and located on a good highway. The entire district 18
well served by good roads and railroads.

1

Fig. 32—Partial view of buildings and grounds at the Ste. Clothilde Substation.

The property of the Substation comprises eighty acres, twenty-six of which
are rocky mineral soil; eleven, marginal muck and the remaining forty-three #
deep muck soil of excellent quality. Twenty-one acres of this deep muck soil h&
been cleared and for at least ten years had been used for hay production.
other twenty-two acres was rather sparsely covered with a young scrub!
growth of elm, ash, soft maple, poplar, red oak, tamarack and several specics
of native shrubs. On the comparatively wet areas, swamp willow and alde’
predominated.

232
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Soil Origin

: The soil on the deep muck area is characteristic of the predominant type
throughout the region. For the most part, these deposits are situated along
Streams and overlay marl or clay of varying depth to bedrock. In general, these
eep mucks are composed of three distinet layers of organic soil—aquatic muck,
forest debris and surface layer. The lowest layer of the organic soil is usually
8n aquatic muck, the beginning of which was apparently formed from plants
€rowing in salt or brackish water. Later the deposit was formed from fresh
Water plants, such as pond weed and water lilies. The depth of this aquatic layer
Varies from s few inches up to over twenty feet in deep depressions. The
exture is gelatinous; it absorbs water readily but permits only very small
Quantities to pass through. Therefore, it forms an almost water-tight bottom
the soil situated above it. _ \
. The middle layer, from two to four feet in depth, is the forest debris laver.
The large quantity of partially deccmposed tree trunks, limbs and roots gives
1t g coarse, open texture which permits water to pass through readily. The top
Or surface layer, one to two feet in thickness, was formed after outlets became
1°0ded and the water-table became too high for 'forest growth. This surface
ayer is largely decomposed sedges, carex and grass species. Here, the organic
aterial is in an advanced stage of decomposition, fine in texture, and so can

€asily be compacted to facilitate the movement of water by capillary action.

Water Control

The capacity of organic soils to absorb and hold water is very high. At
Saturation, well decomposed muck will usually hold one and a half times its own
;”elght and peat soils up to twice their weight. For this reason summer rains
‘beldom penetrate more than an inch or two into the soil and, owing to the loose
epen texture which permits rather {free aeration, such moisture is rapidly lost by
Vaporation. Accordingly, normal summer precipitation cannot be depended
Pon to supply moisture for maximum crop requirements on these soil types
80d water control is decidedly a limiting factor.

The Substation is situated close to Norton Creek, a permanent stream
ay Ding through the entire bog area. From Norton Creek there is ample water
. ailable for irrigation, but at the time the Substation was established the
reek_bed was not low enough to provide adequate drainage. This condition
Prevailed until 1948 when the creek was deepened and it was possible to obtain

Wplete water control. However, a system of open ditches was dug and several
€s of underground drains installed on the deep muck area. To provide water
ca UTigation, a power driven pump was installed and a fibre pipe line laid to
Der; water to the highest level on the muckland area. During the run-off
ditl,.lod in the spring, provided that the creek was not in flood, the drains and
flo, 0}{&3 carried the surplus water off the land. However, from 1936 to 1947,
&nodlng of the land was quite frequent during the spring break-up and occasion-
I&tz roughout the season after heavy rains. The spring flooding necessitated

Planting of all crops. Later in the season when the soil became dry, water
th&s Pumped back into the main ditch which was dammed at the several levels
thes forcmg,water back into the covered drains and open ditches. From these,
Taj .Water seeped laterally to saturate the porous layer of forest muck. By

8ing the water in this layer until it came in contact with the well decomposed
an da(?e layer of carex and grass muck, capillary action carried it to plant roots
: ‘Bgulto the surface. The amount of water made available in this way can be
‘V&teat'ed by raising or lowering the water in the main supply diteh, for very little
actg? 18 lost by sinking to lower levels since the lower layer of aquatic muck

88 a nearly water-tight bottom.

Yhen the surface layer is too dry for crop requirements and the forest layer

Moist, the lateral seepage from newly filled ditches is one hundred and eighty

for
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feet in twelve hours and up to two hundred feet in fifteen hours. This means
that for the soil conditions on the deep muckland at Ste. Clothilde, ditches or

drains from three to four hundred feet apart are adequate for both drainage and
irrigation.

Water Requirements -

For ten years, 1937 to 1946, a record was kept of the amount of water
pumped for irrigation, and necessary to keep the growing crops in good con-
dition. This irrigation water was, of course, in addition to rainfall and occasional
flooding by the rise of water in Norton Creek, both of which were also recorded.
An average of these irrigation records indicates that approximately fourteen
thousand gallons per acre are required each week from the middle of June until
the second or third week in August. This figure varies with the kind of crop
grown, some requiring more water than others. Onions, potatoes, beans, spinach
and cabbage, crops which either have deeper root systems and can reach moisture
at considerable depth when needed or require less than other crops, have pro-
duced normally with added water at a rate of ten thousand gallons per acre per
week. Celery, peas and tomatoes require up to fifteen thousand. Lettuce, beets,
carrots, sugar beets, peppers, muskmelons and asparagus, which are aboub
average in water requirements, produce normally with from twelve to fourteen
thousand gallons per acre per week.

Variations in water requirements per season have been less than would be
normally expected. Even with occasional flooding and extremely heavy rains 0
two inches or more, the land drained quickly when ditches were opened an
within a few days the crops required water again. In 1943 when summer
precipitation was unusually high, irrigation requirements were eight thousan
gallons per acre per week. In comparison, in 1946, a relatively dry season an
with crop production on muck soils the highest to that time, irrigation require-
ments were slightly under fifteen thousand gallons per acre per week.

Cost of Irrigation

For the ten-year period the cost of irrigation has been low. Taking int0
account interest on the investment for ditches, drains, pipe line and pump:
depreciation of equipment; cost of labour, repairs, gasoline and oil, the averag®
cost has been fifty-nine cents per acre per season. With this set-up the lift of
water was only forty-nine inches. Had it been greater, more power would havé
been required and the cost would be increased accordingly. However, the cost
of moving water for irrigation by seepage is not great and, on the muck lan
areas o(f:1 southwestern Quebec, it should be a highly profitable operation wheré
required.

Nutrient Requirements of Muck Soil

The muck soils of southwestern Quebec contain a high percentage ‘?f
organic matter and are relatively low in minerals. A typical analysis of thi®

?oﬂ made from samples taken on the deep muck area at the Substation is 8
ollows:

0in-121in. 12in.-24in

per cent per cent
pH Value .......oooooiiiii i, 6.21 . 6.11
Total ash ............o.co i, 10.70 8.87
Caleium oxide .............. ...l 4.28 3.36
Magnesium oxide ............ ... .. 0.72 0.72
Manganese oxide . 0.031 0.023
Potassium oxide .. 0.033 0.019
Phosphoric acid .. 0.219 0.198
Sulphur trioxide ............................ 1.03 1.20
Nitrogen (total) ............................ 2.27 1.80
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The analyses indicate a soil very low in mineral matter but relatively well
Supplied with calcium and phosphorus. Sulphur and nitrogen are unusually
high while potassium and manganese are decidedly low. The pH value is satis-
factory and is ideal for many kinds of vegetable crops.

_ Following a complete soil survey of the Substation farm area, a preliminary
trial of all available plant nutrients that might be necessary on this soil type
Was started in 1936. In all, nineteen materials and combinations were tried with
tW_elve vegetable crops. The experiment, continued for four years, demonstrated
quite clearly the nutrient deficiencies in the soil, and the response of the various
Crops to the main and trace elements necessary for their nutrition.

In order to secure clear cut reactions, comparatively heavy applications of
the several materials were used. These were as follows:

SUPErphoSPhate v .vvieriee e 800 lb. per acre
Sulphate Of POLASH ..vevveerrnnrreiiiienseeieeiineans 500 ¢ T«
Muriate of Potash ....oovervnnvreeniiineenienieiennn. 500 ¢ ¢«
Sulphate of ammonia ..., 200 « ¢«
Nitrate of 508 ..ovrvvriiiiiie it it 250 « o«
SUIDRAUL ¢ evv v vseeeesaaaeeeaetteen e aannieasieaanens 20 “ ¢«
Hydrated lime ....ovveiririiiieiiiireeiiiiienianenens 4000 “ ¢«
Manganese sulphate ... 50 « ¢«
COPPET SUIPBALE v v evvveneeeneennreeneaneannieienn 40 ¢« «
OTBX v vt ee e nevuennensoneceaneeeaanstoesasonannaarsons 15 « « o«

Unless otherwise indicated the carriers of nitrogen (N), phosphorus (P),
and Potassium (K), were sulphate of ammonia; superphosphate, 20 per cent; and
Muriate of potash, 60 per cent.

Table 48 shows a four-year average of yields with five of the principal
Vegetable crops.

TABLE 48.—ELEMENT TRIALS WITH VEGETABLE CROPS 1936-1039

| Yield per Acre
Fertilizer
Potatoes Onions Celery Spinach Cabbage
bu. bu. tons ~ tons tons
11; ....................................... 2683 3072 7.62 425 8-00
N s 501-7 3714 14.83 8-30 22-91
N'P' ............................. 241.-0 304-1 7-61 6-15 11-63
PR e 263-4 302-7 8-53 7-15 11.07
NER rrrrere e 574.0 528-6 12-14 9-43 23-06
NP v roeeee et 506-0 421-6 14.43 10-03 11-01
NPK ................................... 583-1 589-3 16-03 11-06 24-02
ek (i oo | Wi own ) e @
ltrate of soda)................. . . . . .
g?gck éNo treatment).................. 253-7 193.0 5.23 4.08 21-13
NB + Sulphur 4283 503-1 10-13 7-43 20-06
NP§ + Sulphar 408-9 507-3 11-08 8-12 20-91
NPk + Mangane . 581-6 568-3 17-91 12-08 2703
NPK+ Lime... 493-0 503.2 13-06 10-02 24.16
NPK -+ Boron 591-7 569-8 17-93 12-73 26-17
NPK Copper . 586:3 706-3 17.04 13-29 23.92
a + Manure 10 ton . 588-2 4318 14.61 10-93 24.17
PKhure 20 tons . 473-1 306-7 13-01 8-14 19-03
+ Manure 10 tons 462-6 421. 13-98 9-88 20-16

lett The results obtained with other crops including beans, peas, carrots, beets,
re uce, tomatoes and sweet corn were similar, and varied only in the normal
ph(lulrerpents of these crops on other soil types. With peas and beans phos-
lnaotrus 1s more important than potassium. Lettuce and spinach have approxi-
cah ely the same requirements, and caulifiower reacts in a manner similar to

bage. With carrots and beets a balanced fertilizer high in potash is necessary.
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Minor Elemenits

The importance of trace or minor elements is clearly indicated for most
crops. Of these, boron is essential for celery, carrots and beets. Otherwise the
crop may be unmarketable since boron deficiency produces the characteristic
“cat scratches” on the petioles of celery, longitudinal splitting of carrots and
transverse cracking of beets. With spinach, cabbage, beans and peas, if the
boron deficiency is not severe the crop may be marketable but the yield will be
definitely decreased. Further studies have shown that yearly applications of ten
to fifteen pounds of borax per acre are satisfactory on the Ste. Clothilde muck
soil for all boron-demanding crops except celery and turnips. These two crops
may require annual applications up to twenty pounds per acre, or occasional
applications up to forty pounds where the deficiency is extreme.

Apparently copper is essential for most crops on this soil type. Exceptions
are cabbage and caulifiower and probably turnips. The response with potatoes
and celery has not been significant, but copper has probably been supplied in
more than sufficient quantities to meet crop requirements by the copper com-
pounds used as sprays or dusts to control diseases. Similarly, with copper-
demanding crops following potatoes or celery, where disease control had been
effected with copper compounds, additional copper need not be applied to the
soil. For the onion crop on muek soil, copper is apparently essential since it
hastens maturity and improves the colour and texture of the skins. It has
definitely increased yields at the Substation and on the other muckland areas
in Quebec and Ontario. The usual application is forty to sixty pounds of
copper sulphate per acre applied with the fertilizer.

Manganese has proved beneficial with cabbage, celery, beans and spinach.
With yellow celery at Ste. Clothilde it is almost essential as it improves the colour
and texture of the petioles and seems to increase resistance to “black heart”,
a rather serious physiological disorder induced by uneven water supply. Other
minor elements tried for shorter periods included zine, as zinc sulphate; iron, a8
iron sulphate and sodium, as sodium chloride or common salt. All were negative
or nearly so in their effect on crops. Zinc appears to be slightly beneficial .for
spinach. Moderate increases in yield of sugar beets have been obtained with
common salt at five hundred pounds per acre. However, where potash was
increased by only a few pounds in the NPXK fertilizer application, the addition
of salt had no effect. .

Major Elements

At the Substation, with all crops except onions, potassium is definitely the
most important of the three main elements of plant nutrition. With onions,
phosphorus is equal in importance to potash, although a combination of the two
is superior to either one alone. Phosphorus, although generally secondary 1B
importance to potash, is nevertheless essential to all crops. Nitrogen in largé -
quantities is detrimental. Used in an available form, and in small quantities,
it has proved beneficial particularly as a starter for crops in the early part 0
the season before nitrification in the soil can provide sufficient nitrogen fof
plant development.

Calcium in the form of lime has not proved beneficial at Ste. Clothilde
probably because of the favourable reaction of the sqil and its relatively high
calcium content. On other sections of the Ste. Clothilde bog and on small areas.
through the entire region where acid soil conditions exist, lime has proved very
beneficial. : ,

Under average conditions, sulphur, which is somewhat more than a tracé
element, has decreased yields at Ste. Clothilde. It is also significant thab
sulphate of potash has proved inferior to muriate of potash for onion, celery
and spinach. With other crops its effect has been negative, However, OB
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burned over muck, where the sulphur in the soil has been lost by burning,
moderate applications have helped to correct alkalinity and increased crop
Yields,

Bﬂmyard Manure

Barnyard manure as a fertilizer on muck soils is obviously unnecessary since
t lese soils contain up to ninety per cent or more organic matter. In comparison
With a well balanced commercial fertilizer, applications of twenty tons per acre
of well rotted manure always decreased yields of all crops at Ste. Clothilde.
ombinations of manure and commercial fertilizer have been more effective,
and usually produce a crop only slightly inferior to that obtained from the use
of a complete fertilizer. On newly broken or recently drained areas of peat or
Muck, moderate applications of barnyard manure are beneficial as a source of
noculation for the first year or two that the land is cropped.

Fertilizer Tri'ah, Vegetable Crops

. The preliminary element trials of 1937 indicated in a general way the trend
In fertilizer requirements for a number of vegetable crops on the typical black
Muck soils of western Quebec. With this information as a guide, a fairly
extensive series of experiments dealing with the nutrient requirements of the
Principal vegetable crops was begun in 1938. These have been continued with
Vvarious alterations and additions for the past ten years and have constituted
a0 important and extensive part of the experimental work at the Substation.

Generql Fertilizer Trials

The largest of these was a replicated trial with six vegetable crops in which

Dotash levels together with rates and methods of application were compared.

e entire experiment occupied six acres and the individual plots numbered
four hundred and thirty-two. '

The fertilizer formulas used with all crops were 0-2-16, 2-8-16, 0-8-24
and 2.8.24. These were applied at rates of 1,000, 1,500 and 2,000 lb./ac. by
roadcast and row placement methods.

During the three years that the experiment was conducted, the results
Were gtatistically analysed and a great deal of useful information obtained.
D general, it was determined that application of a balanced fertilizer in excess
o1 1,500 pounds per acre was not practical with the crops, lettuce, spinach, carrots,
Oions and cabbage. Potatoes were an exception, since 2,000 pounds per acre
of & 2.8-16 produced a profitable increase in yield over that obtained from
Saller applications. It was also determined that liberal amounts of potash
8% necegsary for the normal development of all six crops in this soil type.

Owever, with the application of 1,000 pounds per acre, or more, there was
ni° profitable increase in yield by increasing the potash in the formula from
81xteen to twenty-four per cent. With onions and cabbage, a barely significant
INcrease in yield was obtained by increasing the nitrogen application from two
e efoglr per cent. With other crops this increase had a negative or detrimental

ct. :
Highly significant results were obtained in the comparison of broadcast
row placement methods of applying fertilizer. With all rates and formulas

. the broadcast applications gave significantly better results as shown in Table 49.

1 Apparently in this loose open muck soil, roots spread easily and reach
Plant " nutrient in solution more quickly than in ordinary mineral soil.
Ccordingly, it would seem that on muck lands similar to those in the Ste.
othilde area growers need not invest in special equipment for the row
p 8cement of fertilizers, since application by row placement will probably
Tesult in lower yields than application by the broadcast method.
48665-—17
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TABLE 49.—ROW PLACEMENT VERSUS BROADCAST METHOD OF APPLYING COM-
MERCIAL FERTILIZERS, AVERAGE OF RESULTS 1937-1939

S—
—

Yield per Acre
Crop
Broadcast |Row Placement
1b. 1b.
Lot UCR. .. e s 68,096 62,502
SpInach.. ... .o e e 23,147 21,036
[ 0 o3 - AP 61,937 59,481
[0 1) T R N 52,843 48,170
Potatoes. . ..o e 27,042 31,836
Cabbage...........coooviii i e e 39,630 29,421

———

Because of rapid evaporation from the top few inches and wilting with even
a high soil moisture content, plant roots in organic soils such as the Ste.
Clothilde mucklands usually develop several inches below the surface. Also
normal summer rains seldom penetrate more than an inch or two into these
soil types. Therefore, soluble plant food of fertilizers in the top two or three
inches may not reach the roots of plants during the growing season. The
obvious answer to this problem seemed to be the placement of fertilizers deep
enough in the soil to be in contact with sufficient free water to bring the
nutrients into solution. Therefore, to find the most practical method of fertilizer
placement for such soils, an experiment with potatoes was begun in 1942 and
continued for four years. In the experiment, a 2-8-16 fertilizer was used
at a rate of 1,000 pounds per acre for all methods. The methods employed
were as follows:

1. Broadcast application harrowed lightly so as to mix the fertilizer
with the top three inches of soil.

2. Broadcast application worked in with disk harrow to a depth of
five inches.

3. Plough sole application; fertilizer applied in a band at the bottom of
the furrow when ploughing; depth four inches.

4. Plough application eight inches deep.
5. Fertilizer applied with a grain drill five inches deep.

The average yields obtained during the four-year period are given in
Table 50.

TABLE 50—EFFECT OF FERTILIZER PLACEMENT ON THE AVERAGE YIELD OF
POTATOES, 194245

—
Yield per Acre
Method
Marketable | Unmarket- | Toga)
bu. bu. bu.

Broadeast, 3in............. .. 386-1 39-2 4253

Broadeast, 5in.................. .. 453-0 37-6 490-6

Plough Sole, 4 in 436-1 32-5 468-6

Plough Sole, 8 in 409-1 38-3 447-9

Grain Drill, 5 in 529-7 28-0 557-7
I

Similar results were obtained with cabbage, onions and carrots. The
experiments indicate that on this soil type fertilizer should be placed aboub
five inches below the surface of the ground or mixed thoroughly with the soil
‘o a similar depth.



239

. Placing fertilizer in the bottom of the plough furrow gave lower yields
In this experiment. On other soil types with certain crops this method is
developing into a standard practice. However, with the mucklands at Ste.
Clothilde the complete turning over of the soil by ploughing has not proved
as satisfactory for general crop production as relatively shallow working of
the s0il with harrows and cultivators. This detrimental effect of ploughing on
the following crop has probably offset those benefits of the plough sole method
of fertilizer placement which are found in other soil types.

Onion Fertilizer Trials

Onions are a highly productive and important crop on organic soils but,
a8 with other crops, they require a rather carefully balanced nutrient supply
) produce a maximum crop. In the first experiments conducted at Ste. Clothilde
With this crop, it -was determined that copper and boron were not present in
18 soil in quantities sufficient to meet onion crop requirements. Also, nitrogen
Was of little value but phosphoric acid was about equal to potash in importance.
1th this information as a guide, two extensive experiments were begun in 1940
to determine the proportion of the various nutrients necessary for optimum
Tesults with the onlon crop. :

In one of these, borax and copper sulphate were applied at different
rates with a 2-12-16 fertilizer at 1,200 pounds per acre. The experiment was
tontinued for four years and the results, which were clear-cut throughout,
showed that a normal crop of onions required about 40 pounds of copper sulphate
and 10 pounds of borax per acre per year on this soil. Also, these materials
tould be applied either in the fertilizer mixture or dissolved in water and
applied to the land with a row crop sprayer before seeding. With either method
they should be thoroughly worked into the soil.

In the second experiment, which was continued for five years in a
Teplicated randomized trial, three. different levels of nitrogen, phosphoric acid
and potash were used alone and in all possible combinations. Borax at 10
bounds and copper sulphate at 30 pounds per acre were included in all
4pplications and on the check plots.

The variety grown each year was Yellow Globe Danvers with a seeding rate of
three pounds per acre. Following the usual practice on this soil type, the plants were
Rot thinned but only those onions of marketable size were weighed for yield records.

The five-year average of results is given in Table 51. .

TABLE 51.—EFFECT OF NUTRIENTS ON THE AVERAGE YIELD AND MATURITY
‘ OF ONIONS, 1940-44

Nutrients per Acre
- Maturity Yield per Acre
Nitrogen Phosphoric Acid Potash

1b. Ib. 1b. Scale of 10 bu.
0 0 0 10 286
30 0 120 4-8 351
30 0 240 4.9 359
30 120 0 10 522
30 240 0 10 589
60 0 120 4-1 306
60 0 240 4.3 319
60 120 0 8-1 526
60 240 0 10 587
30 120 120 10 659
30 240 120 10 703
30 120 240 9 551
30 240 240 10 793
60 120 120 9 677
60 240 120 9 701
60 120 240 8 603
~___ 60 240 240 9 815

Diﬂ'erence required for significance (P = -05) 19-1 bushels.
48665—173 .
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Table 51 shows clearly that on the Ste. Clothilde muck soils phosphorus
and potassium are about equal in importance and are required in nearly equal
amounts by the onion crop. Also, the maturity of the erop will be adversely
affected unless the phosphorus is adequate. Nitrogen significantly increased
yields when used in combination with phosphoric acid and potash, but at 60
pounds per acre, maturity was delayed, and the number of unmarketable
“thick neck” onions was increased. ¢

A 2-12-10 or 2-16-16 fertilizer along with the amounts of borax and copper
sulphate previously stated should prove satisfactory for the onion crop on the
muckland areas of southwestern Quebec.

Fig. 33—Typical crop of onions at the Ste. Clothilde Substation for mucklands.

Fertilizer Trials With Celery

In 1937, a series of fertilizer trials with celery was begun on the deep muck
area at Ste. Clothilde, and continued for four years. Preliminary work ha
indicated that potash was the most important nutrient for the celery crop on
muck soil, although nitrogen and phosphorus were required in smaller amounts.
It was also indicated that boron, manganese and copper were not present 1
this sm_l type in sufficient quantity to meet the requirements of a crop of celery-
Acc’ordmgly,. the experiments were designed to determine the levels of the
various nutrients required to produce a normal crop. ,

Potash Requirements

“Previous work had indicated that potash in a fertilizer application was
rendered unavailable by reaction with organic matter before the end of the
growing season, and supplementary applications of this nutrient might be
necessary to secure the best results. To determine potash requirements an
experiment was begun in 1937. This included two basic rates of a balanc
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fertilizer high in potash, supplied in both the muriate and sulphate form, with
and without supplementary summer applications. The experiment was con-
cted in quadruplicate with randomized plots.
The variety Golden Self Blanching grown primarily for storage was used.
Table 52 gives the results for the three-year period, 1937-39.

TABLE 52.—EFFECT OF POTASH LEVELS ON THE AVERAGE YIELD AND QUALITY OF
CELERY, 1937-39

Application per Acre Source of Average Yield Quality
Initial 2-8-16 Supplementary Potash - per Acre
1b. 1b. tons
1,000 0 Sulphate............ 12283 Stringy, poor colour.
1,000 0 Muriate............. 16-010 Good.
2,000 0 Sulphate............ 15-285 Stringy, poor colour,
2,000 0 Muriate............. 22355 Good.
1,000 100 Sulphate. ... el 13-260 Stringy.
1,000 100 Muriate. . ... 18-750 Good.
2,000 100 Sulphate. ... v ' 19-980 Stringy.
2,000 100 Muriate............. 23-997 Good.
1,000 200 Sulphate 13495 Stringy, poor colour.
1,000 200 Muriate..... . 18520 Good.
2,000 200 Sulphate 16-230 Fair,
2,000 200 Muriate............. 25-217 Good.
—

Differenoe required for significance (P = -05) 1-02 tons per acre.

This experiment clearly shows that on the characteristic black muck soils
of southwestern Quebec potash in the sulphate form is inferior to the same
Dutrient as muriate of potash. The reason for this is probably that the. high
Sulphur content of the soil when increased by the sulphur in the sulphate of
Potash brings about a condition partly toxic to celery.

With muriate of potash the reaction has been decidedly favourable and,
Up to the maximum application, crop yields have increased in direct proportion

the amount of this material included in the fertilizer mixture.. That an excess
:f potash, even in & satisfactory form (muriate), can be reached is indicated by
he comparatively small increase in yield produced by increasing the supple-
WMentary application to the 2,000 pound application of 2-8-16.
. The response to the summer supplementary application was very marked
In the first two years of the experiment. However, in the third year, and in
Subsequent work, midseason applications following substantial spring applica-
lons have not given significant results. This would indicate that the tie-up of -
Potash in these soils is only temporary and, after two or three crops which have
®en plentifully supplied with this nutrient in the spring, supplementary appli-
8lions are not necessary.

The results of storage trials in a commercial storage were in close agreement
£ tl_l those from the field treatments. Celery grown with muriate of potash in the
:ll'tlhzer application kept much better than celery grown with sulphate of potash.
8o, with the heavier applications where muriate of potash was used, a further

Crease in keeping quality was obtained.

. N ih'ogen Requirements -

¢ Alt'hquﬂgh muck soils contain & relatively large amount of nitrogen, only a
Th’PDg,ratlvely small quantity may be in an available form at any one time.
e 18 is usually quite evident during the early part of the season when the soil
A cool and nitrification is not rapid. For this reason a small amount of
eaallable nitrogen in the initial fertilizer applications is necessary to promote

tly growth. However, with celery a steady and adequate supply of nitrogen
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in addition to other nutrients is required throughout the season for the develop-
ment of satisfactory quality. In this experiment, increasing amounts of nitrogen.
are compared with fixed percentages of phosphoric acid and potash at two
rates of application.

The experiment on nitrogen levels was conducted for three years, 1938 to
1940, with all treatments replicated three times and the plots in each replication
randomized. The results on yield and on size of plants are given in Table 53.

TABLE 53.—EFFECT OF NITROGEN LEVELS ON AVERAGE YIELD AND SIZE
OF CELERY, 1938-1940

——=

- - Rate per Average Average Yield of
Fertilizer Formula Acre Height Girth Crop per Acre

Ib. in. in. tons

1,000 24.5 14-1 27-848
2,000 25:2 14-6 30-425
1,000 26-2 14:6 27.275
2,000 26-2 141 31.717
1,000 25-0 141 28-820
2,000 26-5 15-4 31-502
1,000 24-7 13-1 27995
2,000 25-7 41 - 31-800
1,000 24-0 14-1 27-180
2,000 27-0 13-6 29-307

Difference required for significance (P = -05) 1-6:3 tons.

From the results of this trial it is quite apparent that increasing nitrogen
in the fertilizer application over two per cent has little effect on the yield of erop
on this soil type. Furthermore, no difference in quality could be determined,
although in storage trials the celery from the high-nitrogen plots did not
keep well.

Phosphorus Requirements

To determine the necessary phosphorus level in fertilizers for the celery
crop on the muck soils of western Quebec, an experiment was begun with the
deep muck area at the Substation in 1938 and continued for three years. The
variety was Golden Self Blanching and the crop was grown for storage celery.
All treatments were replicated three times and the various applications ran-
domized in each replication.

The results are shown in Table 54.

TABLE 5 —EFFECT OF PHOSPHORUS LEVELS ON YIELD AND SIZE OF CELERY,

1938-1940
——
Fertilizer Formula - Ayorege | Average | Vieldof
in. in. tons
26 14-0 27-947
28 13-0 24385
26 14-5 27-892
24 14-0 21-292
24 . 14.0 23-775
26 14-5 22:742
e

Difference required for significance (P = -05) -931 tons.

The necessity for phosphorus on this soil type in fertilizers for the celerY
crop is clearly indicated, although it is of less importance than potash,
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General Fertilizer Requirements

It is apparent that on these black muck soils of southwestern Quebec a
fertilizer for the celery erop should contain nitrogen, phosphoric acid and potash
In the proportion of one, four and eight. A 2-8-16 is now recommended for
celery on black muck soils and can be used in applications up to 1500 or

pounds per acre. Where land has been newly broken supplementary
Summer applications of muriate of potash may be required for the first and
second year that the land is in cultivation. For following crops ample potash
can be supplied in the initial application. Sulphate of potash is not suitable
as a source of potash for the muck lands of southwestern Quebec.

Fig. 3¢—Harvest of celery on the Ste. Clothilde mucklands.

Mino, Element Requirements

" For the first two years that celery was grown on the muck soils of south-
Hestern Quebec very few symptoms of minor element deficiency were observed.
Owever, with subsequent crops serious losses occurred from both boron and
Paﬂg_anese deficiencies. There were also a few indications of copper deficiency.
Tevious to this an experiment was begun at the Substation in which a number
g tmll‘lor. elements were included with the fertilizer for celery with a view to
Stablishing their need and calibrating the amounts required. From this experi-
itent’ which was continued for four years and utilized a large number of plots,
mWas found that for a normal celery crop 10 to 15 pounds of borax and 30 to
Pounds of manganese sulphate per acre were required as a soil application
di year. Experiments in applying boron to foliage in the normal sprays for
Sease control were also successful. For this type of application up to five
Ounds of horax ean be used with 100 gallons of bordeaux mixture.

i Copper deficiency, which could be severe, is usually taken care of by copper
the fungicides. Such fungicides as bordeaux mixture and “fixed coppers”
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contain a high percentage of copper and are customarily used for the control of
celery blight. For early crops of celery which usually do not require disease
control, copper deficiency can be corrected by applications of 50 or 60 pounds
of copper sulphate per acre applied with the fertilizer. This is usually sufficient
for two or three years.

Potato Fertilizer Trials

Potatoes have been grown on the muck lands of southwestern Quebec
for many years but until the establishment of the Substation, the crops
produced were largely of poor quality and of little importance commercially.
Usually the fertilizer used was barnyard manure or a commercial fertilizer
relatively high in nitrogen. Such fertilizers added to soil already high in
nitrogen created a surplus of this nutrient which caused relatively poor quality
in the potatoes and failed to produce satisfactory yields.

Following the preliminary trials which indicated that potash was decidedly
deficient in these soils, a series of fertilizer experiments with potatoes were
begun in 1937 and have been continued with various modifications and additions
since then. :

A very extensive replicated trial begun in 1937 and continued for four
years indicated that nitrogen was of little importance and phosphorus only
slightly more so for the potato crop. The main limiting nutrient seemed to be
potash and significant increases were obtained with amounts up to 24 per cent
in the fertilizer application for the first two years that. the experiment was
conducted. This probably indicated potash fixation early in the season.
However, in subsequent seasons as more potash applied to potatoes or other
crops accumulated in the soil, maximum yields were obtained with 16 per cent
of this nutrient in the fertilizer application.

From this experiment it was established that a 2-8-16 fertilizer was the
most suitable for the potato crop, but that additional potash was necessary
for the first two or three years after the land was brought into cultivation

Effect of Fertilizer Applications on Yield and Quality of Potatoes

In 1942, experiments were begun to determine the effect of various levels
of nitrogen, phosphoric acid and potash on the yield and quality of potatoes.-
Three levels of each nutrient were used alone and in all possible combinations.
Actual cooking trials were made during the first two years, but since dry
matter and starch content as determined by specific gravity are closely co-
related with cooking quality, the dry matter and starch content method of
expressing quality was used throughout this experiment. Table 55 summarizes.
the effect of nutrient levels on the yield and quality of the Green Mountai
potatoes under trial. . ‘

Dry matter and starch content, which indicate cooking quality, have
consistently increased with the increase of potash in the fertilizer application.
Yield has also increased in almost the same manner up to a moderately heavy
crop in unbalanced fertilizer applications. However, with all three nutrients
included in the application, the yield has increased sharply and quality has
been maintained where potash exceeds phosphoric acid. With phosphoric aci
in excess, quality falls slightly and yields are low.. Nitrogen in excess of tw0
per cent has adversely affected both yield and quality. Accordingly, it woul
seem that on the muck soils of the district maximum yield and quality of the
;2)08tafg crop can be obtained with a commercial fertilizer in the proportion of &

Miscellaneous Fertilizer Trials

Since 1937, fertilizer trials have been conducted with a large numberf’f
vegetable crops that dre at present of minor importance when compared wi
crops of celery, potatoes and onions on the southwestern Quebec mucklands:
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TABLE 55.—~EFFECT OF NUTRIENT LEVELS ON THE AVERAGE YIELD AND QUALITY
OF POTATOES, 1042-48

Nutrients per Acre Total Vield
: otal Yie Dry Matter Starch
Nitrogen Ph(j:p_l(liorlc Potash bu./ac. Y ‘
ci
1b. Ib. 1b %o %

0 0 0 212 16-2 13-1
20 0 0 202 16-3 13-1
40 0 0 174 15-8 12-5
0 80 0 164 15:0 12-4
0 160 0 157 14-7 11-9
0 0 80 302 17.1 13-2
0 0 160 378 17.2 13.2
20 80 0 172 14-9 11.7
20 160 0 214 16-1 13:1
40 80 0 180 15-8 12-5
40 160 0 236 16-2 13-1
20 0 80 421 18-3 14.6
20 0 160 529 189 147
40 0 80 326 17-3 13-7
40 0 160 346 17-3 13-7
40 80 80 336 17-1 13-6
40 80 160 457 18-4 14-6
40 160 80 351 17-0 13-6
40 160 160 503 18-9 14-8
0 80 160 492 20-4 15-8
0 80 80 402 19.2 15-3
0 160 160 401 19-1 15-3
0 160 80 432 17-8 14-1
20 80 80 506 19-7 15-6
20 80 160 617 20-3 15-8
20 160 160 603 19-6 15-4

¢ Difference required between yields for significance (P = -05) 26-1 bushels per acre.

Most of these respond favourably to a 2-8-16 at rates of from 400 to 1,000
Pounds per acre. Exceptions to this are beans, peas and tomatoes, which require
More phosphorus and produce normally with a 2-12-10.° Asparagus has not
Tesponded to nitrogen application and has produced maximum crops with an
v 8-16. Peppermint is also sensitive to an excess of nitrogen in this soil but
requlres a liberal amount of phosphorus in addition to potash. The best
ees‘llts have been obtained with an 0-16-16. Melons, squash, pumpkin and
t}‘;‘cUmber require a fairly liberal amount of available nitrogen and have produced
€ best crops with a 4-8-16.

Black Heart of Celery

fo Black heart of celery, a physiological disorder, is occasionally responsible
ofr heavy crop loss and is particularly prevalent on muck soils. The effect
W the disorder is the dying and subsequent blackening of the celery heart.
.ien young plants are affected, growth of the heart will start later in the season
att & number of small hearts forming in each plant; with a midseason or late
M ack the heart simply dies and dries up leaving nothing but the outer petioles.
either event, the celery is abnormal and of very little market value.
1939Th<_3 disorder first appeared at the Ste. Clothilde Substation in 1938. In
- treqt, trials were begun to determine the effect of cultural practices and nutrient
sey ments as control measures and to learn if the disorder was caused, or its
erity increased, by stings of the false tarnish plant bug.
fert'l‘on a large number of nutrient trials, it was observed that with a 2-8-16
asl iZer with boron and manganese included in the application the disorder
alsg ess severe than on plots fertilized with an unbalanced fertilizer. It was
no fOb_sgrved that manganese induced greater immunity than boron. However,
ertilizer treatment either caused or completely controlled black heart.
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By covering small plots of celery with tents to keep out the false tarnish
plant bug and introducing numbers of this insect into other tents covering celery,
it was learned that its stings had no influence on the disorder. However,
plants that had received many stings developed a condition resembling black
heart.

From the observations on cultural practices it was noted that when the
moisture supply was irregular black heart was more prevalent; also that when
large numbers of celery roots were at or near the surface of the ground, culti-
vation late in the season encouraged the disorder. By such cultivation &
substantial part of the root system was destroyed which reduced moisture intake
suddenly. This caused a collapse or weakening of the cells in the growing
heart which developed into black heart.

Later, these conditions were duplicated under controlled conditions in the
greenhouse at Ottawa and the disorder was produced by any sudden change
in moisture supply in the plant tissue. Accordingly, the control for black heart
on muck soils is the maintenance of an even supply of moisture to the plant
throughout the season. Where seepage irrigation is available this is com-
paratively simple. On non-irrigated muck land complete control may not be
possible in unfavourable seasons, although the use of a properly balanced
fertilizer with minor element deficiencies corrected will reduce the severity of the
disorder.

Trials of Potato Seedlings

Although under correct soil and crop management very large crops of high
quality potatoes can be grown on the mucklands of southwestern Quebec, no
variety at present available commercially is entirely suitable for the conditions
prevalent in these areas. Of the large number of named varieties tested during
the past twelve years, all had faults_of one kind or another. These faults
included lateness in maturing, roughness and unattractive appearance, poor
quality and low yield. Also, when grown on this very fertile soil, many prove
extremely susceptible to late blight. With others the ease.with which they
became infected with virus diseases proved the limiting factor.

During the past six years, over 400 seedlings, originated at the Dominion
Experimental Station, Fredericton, New Brunswick, under the National Potato
Breeding Program, have been carefully tested. Yield, quality, marketability and
disease resistance of these seedlings have been studied and a number have
proved highly suitable for the muck soils of the region. Among these are
seedlings which appear to have complete resistance to potato blight, are hig
yielding, relatively early and of excellent quality. Others have outstanding
resistance to potato scab, which can reach extreme prevalence on neutral or
alkaline mucks. Still others have exhibited marked resistance to several virus
diseases. When tests of these seedlings have been completed, and the best
ones finally released, they will undoubtedly prove of great value to mucklan
growers and substantially reduce the production costs of this crop.

Potato Spraying Trials

With the strong lush growth that potato vines make when grown on muck
soil, disease and insect control presents a serious problem. The large vines ar€
hard to cover with spray or dust and the soft, tender growth ‘is very susceptib
to insects and disease.

In 1939, experiments were started in which all commonly used fungicides
and insecticides were tried at different rates and numbers of applications. These
experiments have been continued each year and newer insecticides and fungicides
have been added to the trials as they became available.
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In general, it has been found that “fixed coppers” are at least equal in
effectiveness to bordeaux mixture, and DDT has definitely become the most
Satisfactory insecticide. Numbers of applications and the amounts applied are
In excess of those necessary for the potato crop on ordinary mineral soil. For a
ten-year period, 1939 to 1948, eight applications of “fixed copper” sprays per
Season have been necessary to secure commercial control of potato blight. In

ese applications, the volume ranges from 35 gallons per acre in the first spray
to 110 gallons when the vines are fully grown.

Since DDT became available, complete control of the Colorado potato
beetle, leaf hopper and flea beetle can be effected by including the wettable forms
OI the chemical in three or four applications. Fairly satisfactory control of
aphids has also been obtained with applications of DDT emulsion. However,
this material must be used with caution since there appears to be only a very
harrow margin between the concentrations that will kill aphids and those that
Prove harmful to foliage.

. Vine Killing Sprays

When the desired potato crop has developed, killing the vines to obtain
Maturity at digging has become a fairly general practice. On the muckland
In southwestern Quebec, because of high soil nitrogen and moisture, all varieties
of potatoes mature later than on mineral soils. Therefore, vine killing is
Decessary for at least part of the crop so that harvest may be completed before
Severe frosts occur. At the Substation, a large number of vine killing materials

ave been used on Green Mountain vines for the past ten years. Those that
ave given fairly satisfactory results include various dinitro chemicals, copper
Sulphate, sulphuric acid and Stoddard solvent.

. In general, it has been found that quick killing of the vines with any of
the chemicals tested or by a severe frost will cause stem end browning of the
Potatoes, However, even with very large lush tops, this trouble can be avoided

Y slow killing that should extend over a period of two or three days. To
Obtain this with muckland potatoes, it has been found necessary to use the
Water soluble or mixable materials, such as the dinitros, copper sulphate and
Sulphuric acid, at about two-thirds the commonly recommended concentrations.
has also been found advisable to avoid making application when the air
“Mperature is above 75° F., otherwise the kill may be too rapid. Copper sulphate
per cent or sulphuric acid at 1% per cent have proved satisfactory. With
toddard, solvent the material should be applied in a fine mist at a pressure of
about 100 pounds and at a rate of not more than 40 or 50 gallons per acre.

Weed Control

v Muck soils, which under correct management produce excellent crops of
“getables, will also produce weeds of unusual proportions in almost unbeliev-
at € numbers. On the Ste. Clothilde mucklands, this situation has been aggrav-
N ed by the occasional flooding of Norton Creek which runs through the area
undi thereby brings in weed seeds from neglected lands. This condition prevailed
nti] 1948, when the creek was deepened and satisfactory water control could
® maintained. However, from 1937 to 1948 weed control was one of the major

.,?rdblems of this district and portions of the Substation provided excellent sites

Or experiments in weed control.
Of. the crops most difficult and costly to weed, carrots and onions are the
In t Important of those grown on the southwestern Quebec mucklands.
Su‘i)reas{ng wage rates have increased the per acre cost of weeding carrots at this
; Station from $37.55 in 1937 to $104.20 in 1948. Such an expense cuts deeply
brofits and, under some conditions, is almost prohibitive.
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Carrots~—Previous to 1944, various materials were tried as pre-emergence
herbicides for the carrot crop. On the whole, these were not very effective since,
although emerged weeds were killed, many emerged with or after the crop and
so the situation was not greatly improved. In 1944, the first trials were made
with a selective weed killer, Stoddard solvent, known variously under different
trade names. This material proved very effective and when correctly used, it
definitely killed weeds and caused only slight harm to the carrot plants. In
1947, on a one-acre field four weeks after seeding 128 weeds per square yard
had reached a height of about six inches. The carrot plants at this time would
not average a height of more than four inches and so were completely obscured.
Stoddard solvent was applied with a weed boom at 65 gallons per acre, and
99-3 per cent of all weeds were killed within 48 hours without visible harm to
the carrot plants. The cost of material for the operation was $17.55 per acre.

Stoddard solvent is also effective for the control of weeds in celery and
parsnip, which vegetables are highly tolerant to the chemical. It is most
effective when applied while the air temperature is below 70° F., since at higher
temperatures evaporation is too rapid for satisfactory killing of weeds. Of the
various application pressures tried, the most effective was from 40 to 50 pounds
per square inch. Trials of various amounts per acre at different stages of weed
growth have indicated that the quantity of the material can be substantially
reduced if the application is made when the weeds are small. With such weeds
ag lambs’ quarters, pigweed, mustard and smartweed averaging a height of
two inches, complete kills can be obtained with 40 to 45 gallons per acre. With
the same weeds six inches high, 65 gallons are required. However, in badly
infested ground it may be more economical to use the later and heavier appli-
cation, since a second crop of weeds may develop if the kill is made while the
majority of the weeds are small, thus necessitating two sprays.

Onions—Since onion plants are not so highly resistant to available herbicides
as carrot plants are to Stoddard solvent, the problem of weed control is more
difficult. As with the carrots, pre-emergence applications have been only partially
successful as weed seeds in muck soils germinate both before and after the onion
seeds. Even with preparation of the land ten days in advance of seeding and
applying the herbicide at the time the onion plants were beginning to emerge,
large numbers of weeds appeared later. Also such seedings are usually too late
and affect crop yields adversely.

The most promising .results with pre-emergence treatments insofar a8
actual weed killing was concerned were obtained with cyanamid at 100 pounds
per acre. Over a three-year period weeds killed at time of application average
973 per cent, and weeds developing later averaged 11-2 per square yard. Other
treatments, although effective against weeds when applied, seemed to have little

or no effect on those emerging later as all late counts averaged from 50 t0

100 per square yard. However, the use of cyanamid on muck soils is of ‘doubtful
value since it contains up to 22 per cent nitrogen. The addition of this nitrogen
to a soil already high in this element has resulted in later maturity of the crop
and an increased percentage of “thick necks”.

For post-emergence control, the most effective results have been obtained
with potassium cyanate at one per cent on young plants and at two per cen
on plants three or more inches high. In one instance a count of 1,047 weed?
per square yard was recorded prior to the cyanate application. Three day®
after a two per cent application at 65 gallons per acre, 14 weakened wee_d9
remained. Injury to onion plants amounted to 4-7 per cent. On muck sol
where onions are not usually thinned and run eighteen or twenty per foot ©
row in a full crop, a loss of 4-7 per cent of the plants is negligible.

Several dinitro compounds have given good results on weeds but they killed
too many onion plants. Dusting with cyanamid when the plants were two
three inches high was quite effective against weeds and did little harm to onio®
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Plants. However, as with the pre-emergence application, the nitrogen in the
¢yanamid has a detrimental effect on the quality of the onions. :

Foundation Stock Seed Production

Since 1940 the Substation has co-operated with the Canadian Seed Growers’
8sociation in the production of foundation stock seed of vegetable crops.
efinite assignments have included one variety each of cabbage, sweet corn,

carrot, beet, bean, onion, radish and spinach. The standards of these varieties
4ve been maintained and, with few exceptions, sufficient seed has been
Produced to meet Canadian requirements for this grade of seed.

Tree Fruits

Part of the mineral soil at the Substation is well suited for the growing
of tree fruits, and an excellent orchard of approximately 8 acres has been

‘®stablished. The first plantings were made in 1940. These consisted of an

apple variety orchard and a small pear planting. In the apple orchard a
Dumber of promising rootstocks are being tried with various frame builders
on which promising and popular varieties have been grafted. So far in this
®Xperiment, Antonovka and Virginia crab are proving the most compatible and
ge_ne;rally satisfactory frame builders. M. robuste No. 5, a clonal stock
Originated by the Division of Horticulture at Ottawa, has also proved very
8atisfactory as both a rootstock and frame builder. A seed orchard composed
of varieties which produce seed suitable for growing rootstocks has been
Planted and is nearing production.

b The pear planting consists of hardy varieties, most of which were originated
by’ the Division of Horticulture. In addition, several varieties of hardy frame
Uilders are being top-worked with more tender varieties. :



DOMINION HORTICULTURAL SUBSTATION
SMITHFIELD, ONTARIO

D. 8. Blair

The Dominion Horticultural Substation at Smithfield, Ontario, was estab-
lished in 1944 and is located four miles west of Trenton and one mile north of
No. 2 highway. It comprises 100 acres, 80 of which are under cultivation, and
is operated as a unit of the Division of Horticulture, Central Experimental
Farm, Ottawa. This Substation .is designed to undertake experimental and
research work in both fruits and vegetables and particularly on those grown
in the region extending from Toronto to Kingston.

Fig. 35—General view of the Dominion Horticultural Substation, Smithfield, Ontario.

Prior to purchase, the Soils Department of the Ontario Agricultural Collegé
Guelph, was requested to make a detailed soil survey of the property. The
soil survey revealed that the farm contains three main soil types. Sixty per
cent of the soil is classified as Percy fine sandy loam, 30 per cent Bondhea
loam and 10 per cent Brighton sandy loam.

A general soil survey was made during the years 1937 to 1939 by the
Dominion Experimental Farms Service and the Soils Department of the Ontario
Agricultural College of the orchard growing area of Northumberland an
Durham counties. In addition, a detailed horticultural and soil survey Wwa°
made of 177 individual orchards. This survey showed thet the orchard goils
of Northumberland and Durham counties are characterized by a number ©
types occurring within comparatively short distances and varying greatly
physical and chemical nature. The ten different soils occurring in the tW°
counties may be grouped into four broad divisions, the soils included in eac
division having the same general characteristics.

250



251

The Percy fine sandy loam representing 60 per cent of the area of the
Smithfield Substation is found on 20,000 acres in Northumberland county while
the group of soils in which it is included occupies 43,000 acres. Of the 177
orchards surveyed in detail in the two counties, 35 per cent fall in this group.
A large percentage of the orchards in the Newcastle area are located on soils
of this group.

The Bondhead loam soil constituting 30 per cent of the Substation consti-
tutes at least one-third of the total land area of Northumberland county, and
of the 177 orchards in the two counties which were surveyed in detail, 25 per cent
belonged to the soil group in which the Bondhead loam soil is included. This
I8 rolling, well drained soil characterized by a parent material with a high
Imestone content. The depth to the parent material has been affected by
Cl{ltivation and erosion, and the organic matter is low. Part of the Bondhead
Soil area on the Substation is on steep slopes which offer excellent opportunity for
Soll conservation experiments.

_ The Brighton sandy loam, representing 10 per cent of the area of the
Sm_lthﬁeld Substation, is found on 11,000 acres in Northumberland county,
While the group of soils in which it is included occupies 34,000 acres. Of the

7 orchards surveyed in detail in the two counties, 26 per cent occurred in

18 group. These are level, well to excessively drained sands to sandy loams.

he natural fertility is low and the underlying sand is highly alkaline.

Fig. 36—General view of orchard management studies.

reprlt will be seen that the three soil types occurring on the Substation
Orchesent a large proportion of the orchard soils of the two counties. Of the 177
tieg ards surveyed in detail, 86 per cent have soils similar in general characteris-
opp to those found on the Substation. Moreover, this offers a splendid
type(’;’tumty to study soil management problems on three totally different soil
c(mng_‘hese surveys also revealed that the soils in many orchards in these two
thas €8 have been depleted of one or more essential plant food elements and
80il erosion has commenced in many hillside orchards.
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Supplementary to these soil surveys nutritional studies were carried out
over a period of 8 years in an orchard near the Substation, and orchard soil
management experiments were conducted for 6 years in a commercial orchard
at Bloomfield, Prince Edward county. As a result of these investigations
recommendations of considerable value to the apple growers in the region have
been made. Because of the many far reaching problems of long duration it was
considered imperative that a government-owned station be established in the
region. :

Of the 50 acres allocated to fruit investigations at the new Substation, 35 -
have been set out to long-term apple experiments dealing with orchard manage-
ment studies, including contour planting, rootstock and hardy tree building
investigations and varietal trials. Some 5,000 apple and 6,000 raspberry
hybrids, the results of specific crosses made at Ottawa, are under observation.
Three of the rust-resistant black currants, Coronet, Crusader and 0-391,
recently introduced by the Division of Horticulture, are under commercial trial.

Twenty acres are allocated to vegetable canning crop investigations. These
include a series of rotation plots using peas, corn and tomatoes as cash crops;
fertilizer application methods with tomatoes; blossom-end-rot control studies
with tomatoes; chemical weed control in peas and corn; spacing trials with corn
and tomatoes; tomato transplant studies, and pea, corn and tomato variety trials.
Preliminary findings from several of these trials are reported in the nutritional
and vegetable sections of this report.

A large collection of disease-resistant potatoes originated at the Dominion
Experimental Station, Fredericton, New Brunswick, and at Cornell University, .
Ithaca, New York, are being grown for observation and multipication. A potato
variety yield trial is being conducted. :

Vegetable Canning Crop Trials
W. Ferguson, L. K. Lyall and J. J. Jasmin

Sweet Corn Variety Trials

At the Smithfield Substation, corn variety trials are conducted with a view
to assessing the suitability of the many new and standard varieties for use 11
the canning trade in that area. All varieties are first placed in the preliminary
trials. Any which show particular promise are then given a more extensive
trial before recommendations are made. High yield and good uniformity ©
maturity and ear type are essential in canning varieties. For these reasons
chiefly hybrid types are considered in the variety trials. )

A number of standard canning varieties are grown each year in compariso?
with as many of the newer introductions as possible. From the preliminary
trials in 1947 and 1948 it is apparent that there are considerable differences 1
yield and: quality between many of the new and highly rated hybrids. Golde?
Hybrid and Goldencross Bantam are two of the more widely grown hylbl'l‘d"
However, on the basis of the results of preliminary trials only, it would appes’
that certain of the newer hybrids may prove superior to these standard type®
Some of the best of these new hybrids are North Star, Sencross, Golden Beauty’
Tendermost, Early Tendermost and Vinegold.

The Ottawa hybrid CH-1 has proved superior in quality to most of th:
hybrids tested and although not an exceptionally heavy yielder, is equal to th
moderate yielding types. The chief fault of this hybrid for the Trenton ared
is that it is an early variety in an area where midseason to late varieties of cor®
are used for canning. )

Corn Spacing Experiment

A spacing experiment was begun in 1947 with the object of determh}in‘
the most efficient planting methods to obtain maximum yields of corn for cannif®
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The variety Golden Hybrid No. 2439 (Asgrow) was used for this work in 1947
. 8nd 1948. ~ Plots are set up for statistical analysis and comprise the following
‘treatments:
Seed sown in hills 3 ft. x 3 ft. with 3 plants per hill
“ “ o« 4« 3ft x 3 ft. with 4 plants per hiil
Seed sown in rows 3 ft. apart with plants 8 in. apart in the row
“« o« o« o« 3 ft apart with plants 12 in. apart in the row
“ « o« «  3ft apart with plants 16 in. apart in the row
' In 1947, unfavourable weather conditions early in the season ruined the
-OW plots for yield records. However, the results of the hill system of planting
’mdmaite:d that three plants per hill would produce larger ears, requiring less
andling, and yielding as much kernel weight as corn grown with four plants
Per hill with the same spacing. v
] In' the 1948 experiment, corn planted in rows three feet apart with the
Dlants 8 in. apart in the rows produced a significantly higher number of market-
glll)e ears per acre. The highest weight of marketable ears was produced by
we treatment with three plants per hill. Since differences in weight of kernels
! €re not significant, it would appear that for growing, and for handling at both
) farm and the canning factory, the system of planting in hills with three
Plants per hill would be the most satisfactory.

Pea Variety Trials S

p Pea variety trials at the Smithfield Substation are designed to give com-
arative tests of pea varieties and strains when grown as canning crops in the
Tenton area. The testing process involves preliminary trials and replicated plot
Tials. In the preliminary trials, a large number of varieties are grown in small
<vesp rows. These varieties consist mainly of new introductions by seedsmen and
?p_el'lplental institutions, and are grown in comparison with the standard canning
8rieties for the area. If any of these varieties or strains show particular promise
1'] 1 one or two years of preliminary testing, they are then included in the
®Plicated plot trials. In these latter, a variety plot consists of approximately
cr100 of an acre and is replicated five times. The peas are sown as a canning
in?iP and the green pods are harvested at the optimum time for canning (as
sh lcated by texture-meter readings). Vine weight, pod weight, and yield of
elled green peas are recorded for each variety.
Ott On the basis of two years of rgp_]icated p_l’ot trials it appears that the
o awa .variety Alton is a very promising canning type. It is an early type
anmmg in at approximately’ the same season as Alaska, Wisconsin Early Sweet
d Thos. Laxton. In these tests, however, Alton has significantly outyielded
® three standard varieties of the same season even when harvested at a lower
:ﬁ‘llreggleter reading. Results for these early varieties are summarized in
e

-

TABLE 56.—~COMPARATIVE YIELD DATA ON FOUR VARIETIES OF PEAS

1947 1948
Variety Texttt‘lere- Sllx)elled 812:3;::3 Texture- Slll)elled slg: i::g
meter eas meter eas
Reading (Ib./ac.) Harvest Reading (1b./ac.) Harvest
A}
%1',‘,2;-‘ ..................... 100 4,008 o1 92 4,811 66
he; Bariy 8weet, | 115 3,019 s | ios | 8,751 | 8
8. L,
' daxton............... 100 3,834 60 R 91 3,883 70
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Tomato Variety Trials

As with the other canning crops, tomato varieties are grown first in the
preliminary trials and then any which appear particularly promising are placed
in a replicated plot trial. In this trial quantitative records are taken on early
yield and yield for the whole season, with marketable fruits being divided into
Canada Grades 1 and 2.

Fig. 37—General view of vegetable canning crops rotation experiment.

In the 1948 trials, some of the newer varieties were tested in comparison
with the standard varieties Geneva John Baer, Clark’s Early, Bonny Best an
Early Rutgers. Results are shown in Table 57.

TABLE 57—~MARKETABLE YIELD IN TONS PER ACRE OF NINE VARIETIES OF
TOMATOES, 1948

Yield During Yield
Variety First 4a
Two Weeks for Seaso?

(T Aug, 17) | (to Sept. 22

e S e e i e e s R a 1-72 18-50
I T et e d o N B PR e R St W ST e T W 0-79 1869
L R S e i e e N R 0-59 17-53
T PP o i rton P i o e A o, B Lo 08 5 NE bt 0-50 14-92
(e A O TINRARTY s R (o N oo coiais e PP ) e i 0-48 13-47
R R RISt X ST o s 2t e e et s By o Py P i Y et 0-47 11-83
R e L e o e A T e A e SR e o S X o O M s 0-43 16-22
B O nT Bt o o o S o Pt T s T e e e e 0-32 11-11
Bt Ht otk ts s (0 T S Smie o RO on ety R S . 0-05 14-28
Necessary differences for significance are:
Hort visld in frat TWo WEEKE .2 ¢ o100 ae daias. e aro e smas inis 31655068 0-19 tons
o el I W IOLEUBBRBOTY, . o, v 5 3 v else i 05 ghaioisl5 o v s babe s 5 m wb o s e 3-50 tons

Ottawa TO-3 was outstanding for early yield, the next being Gem which
was significantly higher than the other varieties. In total yield for the seaso®

4



255

Gem and Ottawa TO-3 were again at the top but were not significantly higher
Yielding than Ottawa TO-4 and Red Jacket. All other varieties showed sig-
nificantly lower total yields.

The varieties, Gem, Red Jacket and Longred, are all originations from
the New York Agricultural Experiment Station (Geneva) while Ottawa TO-3
%I;d TO-4 are from the Division of Horticulture, Central Experimental Farm,

tawa.

Tomato Fertilizer Placement Studies
H. Hill

Growers want to apply fertilizer in such a way that it will be used with the
Breatest efficiency. Fertilizer should be placed so that it is easily reached by the
plant roots and is in contact with moist soil.

For the past ten years the United States has paid considerable attention
to various methods of fertilizer placement, but the reports of the Committee on
Fertilizer Placement of the National Fertilizer Council indicate that several
factors such as extent and distribution of rainfall, kind of fertilizer employed
and type of soil will affect the choice and effectiveness of the method. While
Concentrated application of fertilizer such as band placement may be particularly
effective on heavy soils, plant nutrients may be unavailable on light sandy soils
during periods of dry weather.

During the last three years of the period under review, studies of fertilizer
Placement with tomatoes were conducted at the Smithfield Substation, on light
Soils classified as Brighton sand or Percy fine sandy loam. These soils are
typical of those employed for tomato production in the district.

A basic fertilizer, 2-12-6, applied at the rate of ‘seven hundred pounds per
acre was used, and, in addition, half the plants in each plot were treated with

pint of an 8-24-8 starter solution, the remaining plants receiving water only.
The plants were of the Geneva John Baer variety and were planted four by four
eet apart. The experiment consisted of three blocks with the fourteen treat-
Ments randomized in each block. The list of treatments in descending order of
total yields is as follows:
1. 700 1b. 2-12-6 fin bottom of furrow, two weeks before planting,
2. 700 lb. 2-12-6 broadcast and disked; side dressing, 150 1b. muriate of
potash and 200 1b. sulphate of ammonia at last cultivation.
3. 700 1b. 2-12-6 applied with grain fertilizer drill.
4. 450 1b. 2-12-6 broadcast and disked, 250 lb. in bands at planting,
5. 700 1b. 2-12-6 broadcast and disked, side dressing of 150 lb. muriate
of potash at last cultivation.
6. 450 1b. 2-12-6 placed in the bottom of the furrow, 250 1b. in bands
at planting.
7. 700 1b. 2-12-6 broadcast and disked.
8. 350 1b. 2-12-6 broadcast and disked, two side dressings of 175 1b. three
and six weeks after planting.
9. 700 1b. 2-12-6 in bands at planting.

10. 700 Ib. 2-12-6 broadcast before ploughing.

11. 450 1b. 2-12-6 applied by grain drill, 250 1b. in bands at planting.

12. 450 1b. 2-12-6 broadcast and ploughed, 250 lb. in bands.

13. 450 1b. superphosphate in the bottom of the furrows, side dressing

70 Ib. muriate of potash and 70 lb. ammonium sulphate three weeks
after planting.

14. 250 1b. 2-12-6 in bands at planting.
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Results

Broadcasting the fertilizer before disking and applying a supplemental
dressing of 150 lb. of muriate of potash and 200 lb. of ammonium sulphate
at the time of the last cultivation (Treatment 2) consistently produced the
highest marketable yield, did not delay early ripening and produced a relatively
low percentage of blossom-end rot. When a starter solution was used with
this method of fertilizer application, maiketable yields were increased and
blossom-end rot was not appreciably increased. When potash only was used
as a supplementary application with this basic treatment, total and marketable
yield was increased in only one of the three years the experiment was conducted.

When no supplemental application of fertilizer was applied the highest
total and highest marketable yield was obtained by placing all the fertilizer
in the bottom of the row furrows shortly before or at planting. Blossom-end
rot was relatively high compared with broadcasting all or a portion of the
fertilizer before disking. Starter solution produced an appreciable increase
in early and total yield, but blossom-end rot was increased to such an extent
in two years that marketable vield was not significantly increased. With this
method of application no advantage is to be gained by the use of a starter
solution. Applying all the fertilizer with a fertilizer grain drill before planting
produced the next highest total and marketable yields. Blossom-end rot was
about the same as when fertilizer was applied in the furrow. This treatment
appeared to promote early ripening. Starter solution increased early yields
and its use may be of benefit.

Broadcasting previous to disking produced slightly higher total and market-
able yields than did broadcasting previous to ploughing or band placement. Com-~
pared with all other basic methods of application this treatment produced the
lowest percentage of blossom-end rot. Starter solution markedly increased market-
able yields and did not increase blossom-end rot to any extent. The application of
a portion of the fertilizer in bands increased total and marketable ylelds in one
instance only. This was with the basic treatment, broadcasting before disking,
and when a starter solution was used this advantage did not persist. In partial
band placement, the use of a starter solution did not increase total yields to any
extent and because blossom-end rot was increased the starter was of no advantage.

There did not appear to be any advantage from band placement on this
light soil since total yields were lower than with other basic treatments, and
marketable yields were further reduced. Band placement had particularly
low production in a year when soil moisture was low. Placing superphosphate
only in the furrow and side dressing with nitrogen and potash did not give
good results. Total and marketable yields were considerably reduced when
compared with placing the mixed fertilizer in the furrow. .

With the total fertilizer application of 700 lb./ac., applying a portion
(850 Ib./ac.) as a broadeast application before disking and the remainder a8
side dressings three and six weeks after planting, (Treatment 8) did not increase
yields. However, when the full quantity of fertilizer was used as a basiC
treatment at planting and supplemented with a side dressing the highest
marketable yields were obtained. .

_ Results obtained in this study indicate that on similar light soils in thi8
distriet high marketable yields and a low incidence of blossom-end rot will be
obtained by broadcasting the fertilizer before disking, employing a starter
solution, and applying a side dressing of nitrogen and potash at the time of the
last cultivation. If no supplementary side dressing of fertilizer is to be employed,
placing all the fertilizer in the furrow row without the use of a starter, of
applying the fertilizer with a grain fertilizer drill plus the use of a starter should
provide efficient use of the fertilizer. Further studies are being conducted. In
these a supplemental side dressing of nitrogen and potash is being employed w;th
the basic application of fertilizer either placed in the furrow or applied with
the grain fertilizer drill. )



ORGANIZATION
OF THE
DIVISION OF HORTICULTURE

The Division is at present organized in sections covering the following
fields of endeavour: ‘

Pomology Section.—Rootstock and tree building studies, fruit breeding and
variety testing. v

Vegetable Section—Breeding, seed production and variety testing. ‘

Ornamental Horticulture Section—Variety testing, culture, propagation
and breeding of herbaceous and woody ornamental material.

Plant Nutrition and Physiology Section.—-Nutritional and physiological
studies with horticultural plants.

Low Temperature Section—The preservation of fruits and vegetables by
cold storage and related research,

Fruit and Vegetable Products Section—The experimental manufacture of
fruit and vegetable products; fruit juices, dehydration, canning and
freezing.

Floriculture and Greenhouse Section—A new section established in 1947,
to cover the production of horticultural crops under glass.

Cytology and Qenetics Section—Cytological and genetical studies with
horticultural material.

Biometrics and Statistical Section—Plot technique and statistical inter-
pretation where applicable.

Potato Section—National potato trials and the evaluation and distribution
of new varieties from the National breeding program.

Histology and Morphology Section—Effects of cultural and experimental
practices on the internal structure and development of horticultural
plants.

Tllustration Section~—The graphic recording of new varieties and of the
" visual results of nutritional and other studies on horticultural material.

Horticultural Substations

. In addition to the work conducted at Ottawa, the Division is directly
®8ponsible for the operation of two Substations, one at Ste. Clothilde, Chateau-

RBuay Co., Que., and the second at Smithfield, Ontario, (near Trenton).

f The Ste. Clothilde Substation is located on muckland and was established

he purpose of investigating the horticultural possibilities of this type of

il. A more complete reference to the work is found earlier in this report.

or The Smithfield Substation was designed for research in fruit and canning

NOP8 and serves directly the fruit producing and canning crop regions of
Orthumberland, Durham, Hastings and Prince Edward counties. Specific
OJects at this Substation are referred to earlier in these pages.

257
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Branch Farms and Stations

While this report only covers the work of the Division at Ottawa and the
two Substations, horticultural investigations are conducted to some extent on
all Branch Farms and Stations and results of their work will be found in their
Progress Reports. The following stations conduct important horticultural
studies:

The Dominion Experimental Station, Kentville, N.S., majors in fruit investi-
gations for the Annapolis Valley, The Dominion Experimental Station, Frederic-
ton, N.B., engaged in potato breeding, including disease resistance, and other
. phases of fruit and vegetable production. This station also operates a Substation
in the Grand Lake region of New Brunswick largely for vegetables and small
fruits, and another Substation in Charlotte county for investigations with the
wild blueberry. The Dominion Experimental Station at Morden, Man., acts as
headquarters for horticulture in the three Prairie Provinces and is engaged in
a comprehensive fruit and vegetable breeding program, fruit and vegetable
produects research and extensive work with ornamental material. The Dominion
Experimental Station at Summerland, B.C., is engaged in a comprehensive line
of investigation surrounding the fruit and vegetable industry of the Okanagan
Valley. This station also operates low temperature research and fruit and
vegetable products research laboratories. The Dominion Experimental Station
at Saanichton, B.C., on Vancouver Island, is largely engaged with investigations
concerning the small fruit industry, the vegetable seed industry and the bulb
industry of Vancouver Island.
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EXPERIMENTAL FARMS SERVICE

Director, E. 8. Arcuisalp, B.A, B.S.A, LL.D, D.Sc.

Associate Director, E. 8. Hopkins, B.S.A., M.8c., Ph.D.

gomlmon Field Husbandman .............. P. O. Ripley, B.S.A.,, M.Sc., Ph.D.

ominion Horticulbturist ............vovees M. B. Davis, B.8.A., M.Sec.
D Minion Cerealist «......c.ovveveneneenns C. H. Gouldern, B.S.A,, M.S.A,, Ph.D.
D°mlnion Animal Husbandman ........... G. W. Muir, B.S.A.

Ominion Agrostologist ..............ev..s T. M. Stevenson, B.S.A., M.Sc., Ph.D.
Cl;“mmon Poultry Husbandman ............ H. 8. Gutteridge, B.S.A., M.8c.

lef, Tobacco DIVISIOM ...ovvorennnnnnnns . N. A. MacRae, B.A,, M.8c., Ph.D.
Chiet 1n10n Apiculturist ......... ...l ~ C. A. Jamieson, B.S.A.
B ief Supervisor of Illustration Stations .... J. C. Moynan, B.S.A.

“onomic Fibre Specialist ................. R. J. Hutchinson.

PRINCE EDWARD ISLAND
Experimental Station, Charlottetown, R. C. Parent, B.8.A,, M.Sec.
Experimental Fox Ranch, Summerside, C. X. Gunn, B.S¢., M.Sc., Ph.D.
NOVA SCOTIA
Experimental Farm, Nappan, W. W. Baird, B.S.A.
Experimental Station, Kentville, A. Kelsall, B.S.A.
NEW BRUNSWICK
Experimental Station, Fredericton, S. A. Hilton, B.S.A.,, M.S.A.

QUEBEC
Experimental Station, Lennoxville, J. A. Ste. Marie, B.S.A.
Experimental Station, Ste. Anne de la Pocatiere, J. R. Pelletier, B.S.A.,

suDerint;endent,
uperintendent,

S“Derim‘,endem:,
Uperintendent,

Superintendent,

SuDerintemient,
uperintendent,
M.A. MSc.
Sllpermtendent Experimental Station, L’Assomption, R. Bordeleau, B.S.A.
Uperintendent, Experimental Station, Normandin, A. Belzile, B.S.A.
fﬁoer-in-Charge, Experimental Substation, Ste. Clothilde, F. 8. Browne, B.S.A.

ONTARIO
Central Experimental Farm, Ottawa.
Uperintendent, Experimental Station, Kapuskasing, F. X. Gosselin, BS A,
“permtendent Experimental Station, Harrow, H. F. Murwin,
ficer-in- Charge, Experimental Substation, Delhi, L. 8. Vlckery, JSA M.S.
flicer-in-Charge, Experimental Substation, Smithfield, D. 8. Blair, B.8A,, M.Se.

- MANITOBA
SUDermtendent Experimenta]l Farm, Brandon, R. M. Hopper, B.S.A, MSc
UDermtendent Experimental Station, Morden W. R. Leslie, BS.A.
Officer-in- Charge, Pilot Flax Mill, Portage la Prau‘le, E. M. MacKey, B.S.A.
SASKATCHEWAN
Experimental Farm, Indian Head, J. G. Davidson, B.A,, B.S.A., M.S.A.

“r

S“Dermtendent

! UDemntendent
UDermtendent
Uperintendent,
Uberintendent,
Uperintendent,
Uperintendent,

s“D(H'intendent,

Uperintendent,
Uperintendent,

Experimental Station, Scott, G. D. Matthews, B.S.A.
Experimental Station, Swift Current, G. N. Denike, B.S.A.
Experimental Station, Melfort, H. E. Wilson, B.S.A.

Experimental Substation, Regina, J. R. Foster, B.8.A.

Forest Nursery Station, Indian Head, John Walker, B.Sc., M.S.
Forest Nursery Station, Sutherland, W. L. Kerr, B.S.A,, M.Sc.

ALBERTA

Experimental Station, Lacombe, G. E. DeLong, B.8S.A.,, M.Sc.
Experimental Station, Lethbridge, A. E. Palmer, B.Sc., M.Sc.
Experimental Station, Beaverlodge, E. C. Stacey, B.A., M.Sc.

%ﬁice? -in-Charge, Range Experiment Station. Maryberries, H. F. Peters B.S.A.
Cer-in-Charge, Experimental Substation, Fort Vermlhon, V. J. Lowe.

s“Denntendent
B “Dermtendent
“Dermtendent
uDermtendent
uDermtendent

Cer-in- Chalge, Range Experiment Station, Kamloops, T. G. Willis,

BRITISH COLUMBIA

Experimental Farm, Agassiz, W. H. Hicks, B.S.A.

Experimental Station, Summerland, R. C. Palmer, B.S.
Experimental Station, Prince George, F. V. Hutton B.
Experimental Station, Saanichton, J. J. Woods, B.S.A,,
Experimental Substation, Smlthers W. T. Burns, BS.A,
B

A., M.Sc., D.Sc.
8.

A,
M.S.A
M.Se.
A, MSA.
YUKON AND NORTHWEST TERRITORIES

Oﬁicﬂ' in-Charge, Experimental Substation, Whitehorse, Y.T.. J. W. Abbott.

cer-in-Charge, Experimental Substation, Fort Slmpson N.W.T,J. A Gilbey, B.S.A., M.Se.






