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SECTION I

GENERAL AND ECONOMIG BOTANY: DISEASES OF
ORNAMENTALS, SYSTEMATIC MYCOLOGY,
SURVEYS, AND MISCELLANEA







GENERAL BOTANY REPORT FOR 1929
(J. Adams, Botanist)

The work during the year was mostly of the usual routine nature inelud-
ing inquiries regarding (1) the culture of various medicinal plants such as
ginseng, golden seal, peppermint, seneca root, ete.; (2) plants providing feed
for wild ducks and muskrats such as wild rice, cat-tail, etec.; (3) information
relating to the culture of various plants such as water cress, coffee, Pinus
koraiensts, gum succory as a rubber plant; (4) literature relating to the wild
flowers of Canada, useful plants, flora of Newfoundland; (5) miscellaneous
items such as sap-movements in plants, rain-trees, plants suitable for holding
earthwork in position, ete.

The annual exchange list of seeds collected in the year 1928, comprising
the names of 1,369 species and varieties, was distributed to 125 botanical gardens
and similar institutions.

During the year 2,642 packets of seeds were received from foreign botanical
gardens as well as twelve living cactus plants from Mexico. Included in the
above number were 34 packets of species of Aegilops for plant-breeding work
at the University of Saskatchewan and 141 packets of Avena for the use of the
Dominion Cerealist. -

In exchange 6,059 packets of seeds were sent out and 431 rooted plants and
cuttings. To the Experimental Station at Morden, Man., 153 packets of seeds
and 230 cuttings of willow, poplar, and Siberian pea were sent; and to the Bast
Malling Research Station at Kent, England, 21 cuttings of several varieties of
Ribes nigrum. A large number of seeds and cuttings of various plants were
forwarded for planting on the banks of the new Welland canal.

At the special request of the Consul-General of the Netherlands at Mont-
real two packets of seeds of the Big Trees of California (Sequoie gigantec and
Sequoia sempervirens) were obtained from the Eddy Tree Breeding Station,
Placerville, California, for planting in the grounds of the Queen Dowager of
the Netherlands.

A number of small trial samples of wild rice seed were sent to various
persons in Canada, as well as seeds and roots of several medieinal plants.

At the special request of the authorities connected with the Pharmacy
Department of the Merchant Venturers Technical College, Bristol, England,
aried samples of the roots, barks, ete., of twelve Canadian plants used for medi-
cinal purposes were forwarded to that institution.

The arranging and cataloguing of the large collection of foreign seeds has
been almost completed.

Another section of the “ Bibliography of Canadian Plant Geography ”
covering the period 1901-10 was published as Part I of the Transactions of the
Royal Canadian Institute, Vol. XVII, 1929.

AGRICULTURAL BOTANY AND WEED STUDIES
(H. Groh, Botanist)

There are endless ways in which the science of botany touches the interests
of the farmer. Plants, together with animals, and the soil itself, are of the very
first importance among the things he works with; and plants, too, are among
the most inveterate of his natural foes. Since crop plants in general receive

9
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appropriate attention elsewhere, weeds, which have been, too generally, nobody’s
clear responsibility, have come to claim a larger share of the time devoted to
agricultural botany in this Division. Since 1922, when survey, life history, and
control studies were planned, distinct progress has been made, particularly along
the line of survey, which was considered to be the first thing essential toa broad
and intelligent plan of offensive against weeds.

PASTURE INVESTIGATIONS.—Pasture renovation experiments have been laid
down at several Experimental Stations in the east; and botanical surveys of
the fields and plots as they enter the various treatments, and, at intervals, as
neecessary to record changes brought about in the composition of the vegetation,
have been requested of us. Such surveys were commenced last year at Frederic-
ton, and were carried out on similar lines this year at Charlottetown, Nappan,
Ste. Anne de la Pocatitre, and Ottawa, as well as at Tredericton again. Separate
examinations to the number of 113 were required, and additional plots are still
to be brought into the series at one Station. As yet only reconnaissance surveys
of fields, and closer serutiny of the entire area of plots, have been done; and
it is an open question whether quadrat or transect analysis of these close eastern
stands of vegeta’mon is necessary, or indeed fcas1ble as it mlght be under con-
ditions prevailing in other places.

The records obtained this year of the spemes occurring, and the rough
ratings secured of the relative prominence of the species, both pasture, and
weedy or useless plants, will serve as a basis of comparison for future surveys.
These records should be supplemented immediately by similar examinations at
one or two other dates, as the two now on hand for Fredericton, June, 1929,
and August, 1928, have shown the seasonal ¢haracter of many of the constitu-
ents of pastures. About equal numbers of species were detected at the two
dates, an average of forty-three in the fields of several acres extent, and natur-
ally fewer in the small plots; but their ratings in many cases are different.
Early grasses are replaced in part by later developing ones; mosses, the low-
growing white clover, and other plants of the under-strata, come into greater
prominence with the pasturing down of the stand; and coarse weeds, like the
buttercups, which are shunned by grazing animals, as the season advances come
to oceupy an increasing proportion of the space.

Some of the series at Fredericton and Ste. Anne de la Pocatiére have been
in progress for some time already, and, as compared with check plots on adjacent
vegetation, have undergone some change. It is still too early to know the full
significance and extent of the effects of these different fertilizers, seeding, rota-
tion, and other treatments. The Stations concerned will no doubt publish any
conclusions ultimately arrived at.

Hay Awaryses—Irom time to time samples of hay and other plants seni
to the Division of Chemistry for analysis require to be examined botanically.
Trifteen samples received from various provinces during the year were given
botanical analysis, either for the detection of supposedly poisonous species, or
for determination of the proportions of grasses, legumes, and weeds. Vegetation
from reclamation experiment plots at Maple Creek, Sask., reveals a striking
change from grass and weeds to strongly legume composmon during the last
two years of the six that these analyses have been made. These experiments
with irrigation are still in progress.

RAGWEED SURVEY.—In September at the invitation of Canada Steamship
Lines, a few days were spent at Murray Bay, Que., making an exhaustive search
to estabhsh the truth or otherwise of the assertion that ragweed does not occur
at this well-known resort on the lower St Lawrence. Ragweed is known to he
among the most important of the plants whose pollen induces hay fevér; and
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the claim is made that sufferers from late summer attacks of this distressing
malady, find relief while there. Ragweed was found to occur sparingly at no
-great distances, and almost immediately across the St. Lawrence; but neither in
the environs. of the Manoir Richelieu, nor in the town or farming country for
some miles inland, was any specimen found of either the common or giant
ragweed. At that time of year many parts of Ontario and adjoining counties
of Quebec were polluted with crops of ragweed, discharging their clouds of pollen
dust in every breeze,

CHLoraTE TEsTs—During past years various herbicides coming upon the
market have been submitted to experimental trial. The promminence being given
recently to the chlorates demanded that they be tested here, and sodium chlorate,
as well as calcium chlorate in a prepared form known as Atlacide, were secured
for this purpose. In all, some 40 applications of the former (not counting
repetitions on the same plot), and 20 of the latter, were made. About 50 dif-
ferent weeds came under treatient with one or both substances. Plots of one
square rod were used as a rule, although many applications were made to patches
of small extent,

Among other facts more or less clearly ascertained the following are worthy
of note. ~ Both sodium chlorate and caleium chlorate are similarly efficient herbi-
cides on the foliage of practically all weeds treated; but the rapidity and extent
of injury sustained varies with the species. Both also extend their action to
the root system, where the degree of efficiency is somewhat in proportion to the
depth of rooting. Shallow-rooting perennials, like self heal, ground ivy, plantain,
and chickweed, are, in many cases, like annuals, destroyed by one application.
Deeper rooted weeds, like Canada thistle and perennial sow thistle, may require
several applications, and even such deep and persistent pests as field bindweed,
can to all appearances at present, be eradicated in a season. Couch grass,
horsetail, and poison ivy, with root systems considerably varying in depth
according to conditions, were sometimes killed with ome application, but oftener
required more. The uniform dose in most of these tests, of one pound sodium
chlorate in one gallon of water to spray one square rod, could be varied to
advantage with different weeds, thus securing a margin of safety for the grass
in lawns containing certain weeds; and securing more drastic action where no
vegetation is to be spared.

In water-logged ground where roots are forced to be shallow feeders, even
trees six to eight inches in diameter have been so far weakened as to fall a prey
to borers, and thus be killed. That the poison may work up from the roots
as well as down from the foliage, was strikingly illustrated in the case of a
Manitoba maple growing in wet soil. A clump of stems mostly not over two
or three years old, growing from an older root, were treated by placing about
a tablespoonful of sodium chlorate crystals on the ground around the base. By
the time the crystals were all dissolved—in ten days—darkened patches were
appearing in the soft current year's growth, several feet from the ground; as
these extended the foliage wilted; and in three weeks all branches were defoliated
and did not recover.

Single crystals of sodium chlorate placed in the rosettes of dandelions, and
other weeds, are ample to kill the tops, and to follow down the tap-roots leaving
a hole in which a pencil can be inserted, but the dandelion can usually renew
itself from depths not reached by the poison, and only repeated destruction of
its growth would suffice to destroy it entirely. A solution applied with an oil
can is often more convenient and an equally effective way to treat scattered
weeds of some size. In either case, a few inches radius of grass may be expected
to turn brown, but will close in from the edges again in the course of a season.
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The duration of injury to the soil is a point regarding which more informa-
tion is needed. One.plot sprayed on May 10 with a pound of sodium chlorate
to a square rod, to kill ground ivy in a lawn, left the ground bare of the weed
and of the sparse grass still left growing with it. Two months later crab grass
seedlings were appearing and gradually covered the area. Plantain scedlings
‘also re-occupied areas cleaned of it earlier. Other workers have considered that
the use of the land is lost for the season; or, if application is made in the fall,
that crops may he grown the next spring.

On the whole, it has been demonstrated that both sodium chlorate and
calcium chlorate have a promising field of usefulness. Their present cost how-
ever, precludes their use on a field scale; sodium chlorate presents a certain
amount of fire hazard; and much experimental work is needed before their
general adoption as herbicides can he anticipated or recommended.

WeEp SurvEY—In addition to some elaboration of previous surveys in the
east, made possible by the pasture and ragweed investigations already referred
Lo, an opportunity was afforded rather late in the season to complete the general
initial phase of the eastern survey west to the Manitoba boundary. For some
purposes, at least, this eastern half of Canada can now be treated as a unit,
separately from the Prairie Provinces, whiech will requirc a more ambitious
program than means at present in sight can care for. In order to make avail-
able for use the voluminous notes on eastern Canada weeds already collected,
card indexing and arranging is proceeding, and at present the two extremes of
the territory, northern Ontario and the Maritime provinces, have been hrought
up-to-date; while the notes on the greater part of older Ontario and Quebec
remain to be transcribed. :

Attendance at a weed conference at Edmonton, Alta., on October 4, followed
by a trip into the Peace River district, and south to Lethbridge, provided the
means, along with stop-overs at a dozen points across the prairies, for gaining
some first hand acquaintance with weeds and weed problems under western
conditions. The Grande Prairie district, in particular, was given the closest
mspection possible in the four days’ visit, and a paper has been prepared for
publication, recording the notes and impressions gathered. After a couple of
decades of settlement, weeds are still a less distracting problem than in many
other places, but most of the noxious species of the prairies have gained, or are
gaining an entrance, and the situation should be regarded as crucial.

NorrHERN ONTARI0 WEEDS.—Following up the practice in reecent reports of
presenting a list of the more important weeds of some part of the country which
has received sufficient attention to make such a list possible, it is proposed to
give here, in the order of their observed prevalence, fifty of the principal weeds
of all northern Ontario, from Muskoka and Nipissing to the Manitoba boundary.
The districts, though all visited this year or previously, have not received equal
attention, nor, in any case, as exhaustive a survey as might be desirable. Well
over 100 survey lists were sccured, however, and, for so vast a tract, conditions
are exceptionally homogencous throughout. Inasmuch as our past knowledge
of Ontario weeds has hcen based largely on southern Ontario data, it should
be instructive to have a corresponding record of weeds for the newer area.

As explained in a previous report (1926), ¢ it is felt that the method followed
of repeating survey lists at frequent suitable intervals of travel, must give, not
only a complete record of the species encountered, but also a fair approximation
of their relative prevalence. The relative importance is another and more diff-
cult study which must take into account, among other things, the weed’s choice
of habitat both as to soil and crop, numerical abundance, size anc ability to
crowd erop plants, resistance to control measures, facilities for dissemination, and
for carrying over seasonally, and poisonous or other injurious properties.”
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Firry NorTHERN ONTARIO WrEDS—in order of prevalence:—

Common yarrow—Achillea Millefolium L.

Pearly everlasting—Anaphalis margaritacea (L.) B. & H.
Tall buttercup—Rananculus acris L.

Common dandelion—Tarazacum officinale Weber.
Common horsetail—Equisetum arvense L.

Canada thistle—Cirsium arvense (L.) Scop.

Ox-eye daisy—Chrysanthemum Leucanthemum L.
Sheep sorrel—Rumer Acetosella L.,

Great willow-herb—Epilobium angustifolivm L.
Bracken—Pteris aquiling L.

Couch grass—Agropyron repens (L.) Beauv.

Canadian blue grass—Poa compressa 1i.

Tufted vetch—Vicia Cracca L.

Common plantain—Plantago major L.

Lamb’s quarters—Chenopodium album L.

Spreading doghane—Apocynwm androsaemifolivm L.
Mullein—Verbascum Thapsus L.
Knotgrass—Polygonum aviculare L.

Curled lock—Rumex crispus L,

Evening primrose—OQOenothera spp.
Peppergrass—Leptdium apetalum Willd,

Shepherd’s purse—Capsella Bursa—pastoris (L.) Medie,
Common burdock—Arctium minus Bernh,

Upright cinquefoil—Potentille monspeliensis L.
Perennial sow thistle—Sonchus arvensis L. (and smooth variety).
Everlasting—Antennaria spp.

Biennial wormwood—Artemisia biennis Willd,

Sensitive fern—Onoclea sensibilis 1.

Wild buckwheat—Polygonum Convolvulus L.

Sweet fern—»Myrica asplenifolia L.

Wild barley—Hordeum jubatum L.

Tumbling mustard—Sisymbriwm altissimum L.

Canada fleabane—Erigeron canadensis L.

Orange hawkweed—Hzteracium aurantiacum L.

Slender nettle—Urtice gracilis Ait,

Wormseed mustard—ZErystmum cheiranthoides L.

Bull thistle—Cirsium lanceolatum (L.) Hill,
Goldenrod—~Solidago canadensis, L. (and other spp.)
Wild mustard—Brassica arvensis (L.) Ktze.
Philadelphia fleabane—JErigeron philadelphicus L.
Common chickweed—Stellaria media (L.) Cyrill,
Willow-leaved dock—Rumex meaicanus Meisn,
Stinkweed—T hlaspt arvense L.

Mugwort—Artemisia vulgaris L.

Mouse-ear chickweed—Cerastium vulgatum L,

Sweet clover—IM elilotus alba Desr.

Red-seeded dandelion—Tarazacum erythrospermum Andrz,
Toad flax—Linarta vulgaris Hill.

Russian pigweed—Azyris amarantoides L.

Bladder campion—Silene latifolia (Mill) Britten & Rendle.

Some of these fifty weeds, and many others of less prevalence, were observed
in only a part of this wide range. Thus ox-eye daisy was rare, if occurring at
all, west of Fort William; nmllein, mugwort,-and bladder campion seemed to
reach their limits about Sault Ste. Marie; and orange hawkweed was practically
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confined to the eastern districts. Some weeds, like Russian pigweed, Russian
thistle, gumweed, wild barley, and perennial ragweed, were more abundant in
the western districts, adjacent to the prairies where they are general. It is of
interest to know that perennial sow thistle, which is a serious pest in the Rainy
River district, is represented there by the smooth form prevailing on the prairie;
while, in the eastern districts of northern Ontario, the glandular form which
predominates in old Ontario, occurs,

EXAMINATION OF PLANT IMPORTATIONS
(A. J. Hicks, Assistant Plant Pathologist)

During the year 1929 the Division of Botany, in co-operation with the
Division of Foreign Pests” Suppression of the Entomological Brancli, has con-
tinued with the inspection of plant importations. The work entailed was sufli-
cient to occupy the attention of one officer at the Central Laboratory for prac-
tically the whole year. As usual, the majority of shipments inspected were those
of nursery stock, bulbs and eorms of ornamentals being found to predominate.

Of 1,463 shipments intercepted because of the presence of disease or insect
pests, 1,006 were dealt with by the Division of Botany.

Samples examined totalled 2,187, the number of individual specimens con-
tained in these samples being approximately 27,700.

Comparison of the figures pertaining to the number of shipments and
samples inspected in 1928 and 1929 is interesting. In 1929 a total of 1,006 ship-
ments were dealt with by this Division as compared with 687 shipments in 1928,
an increase of 319 shipments. However, the corresponding number of samples
decreased from 2,819 to 2,187; that is to the extent of 632 samples. The amount .
of material rejected was approximately the same in 1929 as in the previous year.
These data would appear to indicate that onc result of the inspection service
has been to cut down the large shipments of nursery stock to growers and
nurserymen in this country, the tendency now being to import siealler lots of
more valuable varieties.

REPORT OF THE DOMINION FIELD LABORATORY OF PLANT
PATHOLOGY, SIDNEY, B.C.

(William Newton, Officer in Charge)
' FACTORS ALTERING THE CHARACTER OF BORDEAUX MIXTURE

The character of Bordeaux mixture was studied as altered by different
methods of preparation, and by the addition of spreaders or adhesives. Based
upon the assumption that the solids of Bordeaux settle more slowly as the
physical condition approaclies the ideal, it appeared that the best method of
preparation is to pour slowly a dilute solution of copper sulphate into a con-
centrated lime suspension.

The physical condition of alkaline Bordeaux appeared to be slightly superior
to that of neutral Bordeaux, but no evidence was obtained that alkaline Bor-
deaux adhered to the foliage better than neutral. The former was prepared by
using equal quantities of copper sulphate and burnt lime, and the latter by
using five parts copper sulphate to 1+5 parts of burnt lime. '

The addition of sodium silicate, fresh skim-milk, and several alcohols
appeared to exert a harmful influence on the character of Bordeaux mixture as’
judged by the spread and permanence of the film formed when sprayed upon
leaf and glass surfaces. No significant influence was detected as the result of
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the addition of 0:15 per cent wheat flour or agar. The addition of 0-15 per
cent calcium caseinate improved the spread and permanence of the films formed
when sprayed upon leaf and glass surfaces, but only to a slight degree. The
addition of 0-15 per cent whale oil or ordinary washing soaps produced undesir-
able curds, but the quantity varied with the type of soap. In the case of a
brand called “ Crystal White ” little curd appeared, and the spread and per-
mance of the films on leaf surfaces was highly satisfactory. Certain patent
spreaders sold in the form of Bordeaux soap emulsions gave much promise as
spreaders. From our investigations it seems probable that soap emulsions may
be found that will act as effective spreaders or adhesives for Bordeaux.

Of the spreaders tested, potassium-resin-soap was found to be the most
satisfactory. It was prepared by boiling together two parts of resin, one part
potassiurn hydroxide, and three parts water. This soap, at a concentration of
0-15 per cent, decidedly improved the spread and permanence of the films formed
when sprayed upon leaf and glass surfaces.

In our laboratory investigation of spreaders, it was found that the com-
narative efficiency of spreaders could be roughly determined by rapidly immers-
ing excised leaves into the Bordeau containing the spreader, followed by an
exammination of the Bordeaux film with a low-power microscope when the leaves
were dry.

DOWNY MILDEW OF THE HOP

In 1928 the Downy Mildew of the Hop, Pseudoperonospore Humuli (Miy. &
Tak.) Wils., was first reported in British Columbia, and occwrred in epidemic
proportions in the commercial hop yards of Sumas, Sardis, and Agassiz. In 1929
the -hop interests appealed for the technical assistance of the Dominion Field
Laboratory of Plant Pathology at Sidney, B.C. Our studies proved that the
symptoms and life history of the disease were practically identical with those
described by Professor K. S. Salmon and his associates in Great Britain. As a
consequence, control measures were adopted similar to those practised in Great
Britain and Germany. Under our direction the diseased ¢ spikes ” were removed
by hand at regular intervals, and, after the vines were six feet high, they were
sprayed or dusted at intervals of approximately ten days until the disease was
checked by the dry weather. Our studies suggested that spraying in the early
cone stage is a wise precaution, and such spraying was adopted by most of the
growers. .

The disease was found on wild hop plants (escapes from cultivation) both
adjacent to and at considerable distances from the cultivated areas. With the
assistance of the agricultural organizations of the hop districts great quantities
of these infected wild hops were destroyed.

Our investigations indicated that the reappearance of the disease in the
spring was not due to hibernating mycelia in the crowns of the hop piants. Also,
we found that zoospore infection at the growing points will produce diseased
“spikes,” but the “spikes” thus produced arve distinct in character compared
with those that arise from the base of the plant. Young leaves were found more
susceptible to zoospore infection than old leaves. The common nettle was found
to be immune to the disease. All the commercial hop varieties grown in British
Columbia were susceptible except Fuggles.

It was found that, without the addition of a spreader to Bordeaux, the cover-
age on the under surface of the hop leaves was not satisfactory. A number of
spreaders were tested and of these potassium-resin-soap was the most satiz-
factory. It was prepared as indicated in the previous section, and one quart of
this mixture was added to one hundred gallons of Bordeaux.

In one hop yard dusting was tried instead of using liquid Bordeaux mixture.
The dust consisted of a mixture of anhydrous copper sulphate and hydrated
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lime in the proportions of 1 to 8. Satisfactory coverage was secured only by
directing the dust with considerable force against the foliage when it was wet
with dew. So little leaf infection occurred during the season of 1929 that it was
impossible to securc satisfactory data upon the relative merit of dust compared
with hquid Bordeaux.

In our general studies of immunity and control, we found that the sap bled
from the cut tips of hop plants was quite toxic to the zoospores, but was prac-
tically non-toxic when bled from cut basal stems. The sap expressed from ground
hop and other plant material was only slightly toxic. Commercial pine resin
dissolved in methyl alcohol and potassium hydroxide was more toxic than copper
sulphate, and preliminary evidence was obtained that commercial resin mix-
tures may be used as a barrier against zoospore infection.

ROSE NURSERY INSPECTION

With the assistance of the Provincial Pathologist, Mr. J. W. Eastham, the
principal rose nurseries of British Columbia were systematically inspected
throughout the summer. Late in the season diseased plants were found that
agreed with the description of the virus disease known as ¢ Infectious Chlorosis.”
All rose plants exhibiting suspicious symptoms were immediately destroyed.
Among the precautions taken to prevent the spread of this disease, a careful
inspection of the root and bud stocks was made before the budding operations
of the nurserymen commenced.

Also, with the assistance of the Provincial Pathologist, the principal green-
houses were inspected where roses were grown. No suspicious symptoms of
“Infectious Chlorosis ¥ were found, although the stocks in a great many green-
houses were grown by local nurscrymen. )

THE TOXICITY OF CHEMICALS TO\VARﬁS FUNGI

The toxicity of chemicals towards fungi in pure culture was studied to
obtain information upon the relative tolerance of fungi to substances that may
be utilized in the development of control measures. The organisms were grown
by inoculating the centres of petri dishes containing the chemical dissolved in
standard agar medium, and were incubated at 25° C. Beginning with a dilution
of 1 part by weight of the ¢hemical to 100 parts of medium, the dilution was
increased 10 times until the growth on the petri dishes was not significantly
affected by the concentration of the substance. At concentrations of 1-1000
the following substances were practically non-toxic: potassium chlorate, potas-
sium perchlorate, potassium acid sulphate, potassium sulphocyanate (KCNS),
sodium sulphite, potassium sulphite, sodium thiosulphate, methyl and ethyl
alcohols. : :

The substances listed in table 1° prevented growth at a dilution of 1-100,
and either prevented growth or markedly inhibited growth at 1-1000. -

TaBLE 1.—Maximum Dinurion oF SALTs 1N PETRI DIisHES WHERE No GrOowTH OCCURRED

. . Mercuric Copper Sodium | Potassium
Disease organism chloride sulphate acid aci
sulphite sulphite

- Rhizoctonia Solani Ktthn..................oovva.... 1:10,000 | 1:1,000 1:1,000 1:100
Sclerotinia Sclerotiorum (Lib.), Mass.................. 1:100,000 | 1:100 1:1,000 1:1,000
FPusaria spp. from Brussels sprouts.................... 1:10,000 1:1,000 1:1,000 1:100
Botrytis Tulipae (Lib.) Lind.......................... 1:100,000 | 1:100 1:1,000 1:100
Botrytis sp. from nareissus.........ocvevenvivnnnnn. .. 1:10,000 | 1:1,000 1:100 1:100
Botrytis, sp. from peony......... JE TN 1:10,000 | 1:1,000 1:100 1:100
Botrytissp. from lly, . ................. .o il 1:10,000 | 1:1,000 1:100 1:100
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The-data of table 1 indicate that the concentration of the salts required
to prevent growth varies with the different organisms. It also shows that the
acid sulphites are quite toxic, for no growth occurred with three fungi at a
dilution of 1:1,000. TIt-has been noted above that sodium sulphite is non-toxic
at this concentration; therefore the toxicity must be due to the acid sulphite ion
rather than to the sulphite ion.

THE GROWTH RATE OF BACTERIA IN PURE CULTURE

In order to obtain relative values of the toxicity of substances towards
bacteria in pure culture it was necessary to obtain normal growth curves to
compare with the growth curves of the organisms in the presence of the toxic
substance. An attempt was made to secure normal growth curves that could
be duplicated within an error not greater than 2 per cent. The organisms were
grown on a potato dextrose broth which contained 3 per cent dextrose. The
disappearance of the dextrose was assumed to be a measure of the growth rate.
Flasks which contained 500 cc. were inoculated with equivalent quantities of
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F1q. 1—Curves showing the influence of shaking upon the growth rate as measured
by the disappearance of dextrose.

inoculum from 72 hr. broth cultures and incubated in a constant temperature
bath at 25° = 0-1°C. Several types of bacteria were used which had been
isolated from potato stem rot lesions. The sugar was determined by Benedict’s
titration method. We were not able to duplicate growth curves by this method
within an accuracy greater than 10 per cent. Since the analytical error was less
than 1 per cent it was apparent that one or more unknown factors were involved.
In a search for the unknown factors, the effect of disturbing the culture was
studied. Triplicate cultures were prepared. Kach time the samples were drawn
for analyses, two of the cultures were shaken, but the third was disturbed as
little as possible. The eurves are shown in fig. 1, and they illustrate that the.
disappearance of the sugar is much more rapid when the cultures are shaken.
In order to prove that the flatness of the curve of the unshaken culture was due

to its undisturbed condition, at the end of 168 hours it was vigorously shaken.
20437—2
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The rate of the disappearance of dextrose immediately increased. These results
were a surprise in view of the fact that the organism was motile. OQwing to
the practical difficultics of drawing off samples for analysis without disturbing
the -cultures, this experiment suggests that superimposable curves can only he
obtained when the cultures are automatically shaken in the constant tempera-
ture bath throughout the growth period.

THE FERMENTATION OF LOGANBERRY MUST

A study was made of the fermentation of loganberry must as influenced
by selected yeasts and by the natural flora of loganberry juice. Yeasts were
isolated from one-year-old loganberry wines of good quality and also from
freshly expressed loganberry juice. Tlagks of sterile loganberry must were
inoculated with these organisms and incubated at 25° C. Samples from the
flasks were analysed at intervals for alcohol and acid. Also, the effect of the
yeasts was noted upon such characters as the bouquet and flavour of the
resultant wine. As determined by these experiments, a strain was isolated that
appeared to be superior to all others for the conversion of loganberry must into
wine, and superior to the fermentation as affected by the natural flora en masse.

This strain, No. 95, was compared with the normal fermentation in a semi-
commercial scale experiment. In this experiment twelve casks were used con-
taining four gallons of must in each. Although this experiment has not been
concluded, all the evidence suggests that it is desirable to introduce a “starter”
of a yeast strain identical or similar to No. 95. When the strain was intro-
duced, the fermentation was more regular, the final aleohol content was higher,
and the content of volatile acid was lower, compared with the fermentation as
effected by the natural flora.

Attention was directed to the problem of the nutrition of the yeasts in the
fermentation of loganberry must through the discovery that fermentation fre-
quently ceased, or became very slow before the optimum aleohol content in the
wine was reached. In the nutritional experiments, the following results were
secured: (1) The addition of ammonium salts accelerated the rate of fermen-
tation, but these salts did not offset the tendency of fermentation to cease
before the optimum alcohol content was reached. (2) With a number of the
must samples the addition of phosphate salts accelerated the rate of fermenta-
tion, but the outstanding effect of these salts was to create conditions whereby
the optimum aleohol content could be reached.

Bacterial Tuber Rot of the Dahlia

* (J. K. Richardson, Assistant Plant Pathologist, Fredericton, N.B.)

During 1928 and 1929 a number of dahlia growers in the province
requested this laboratory to investigate the cause of a serious rot occurring in
dahlia roots while in storage, which resulted in loss of many valuable speci-
mens from time to time.

In April 1929, an investigation of this trouble was undertaken. A num-
ber of dahlia roots, collected from various sources were examined; hut only
a few of these were fit for study purposes, due to the fact that the others
were in advanced stages of decomposition when reccived.

A diagnosis of these specimens together with others secured - at the
Dominion Experimental Station revealed that a disease of bacterial origin was
mainly involved. An outline of the symptoms of this disease is as follows:—

The first indications of the disease appear, 2 or 3 days after infection
takes place, as slightly depressed, darkened areas on the root surface around
the site of infeetion (fig. 2). ‘
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F1e. 2. Buvlm'iu[ tuber rot of dahlia. External appearance of healthy and
diseased tubers. (Photo. J. K. Richardson)

F16. 3.—Bacterial tuber rot of dahlia. Internal appearance of healthy and
diseased tubers. (Photo. J. K. Richardson)

204372}
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Concurrently with the development of these discoloured arcas on the sur-
face, the underlying tissues assume a water soaked appearance, a condition
which rapidly increases until the entire tuber is involved (fig. 3).

The affected tissues are soon reduced to a soft pulpy mass, and the final
result is complete destruction of the root. '

Isolations from diseased root-tissue disclosed the presence of the pathogen,
the deseription and cultural characteristics of which are as follows:—

Rods: 0:5 to 1-75un by 0-8 to 1-5p, with rounded ends, occurring singly.
Motile by means of peritrichous flagella. No endospores. Gram negative.

Gelatin stab: Growth best at top. Line of puncture slightly filiform.
Liquefaction slow, saccate-stratiform.,

Agar Colonies: Growth moderate. Circular, small, raised, smootl, undu-
late margin, yellowish-white. .

Agar slant: Growth moderate. Indefinite, scalloped margins, effuse,
glistening, opaque slightly rugose surface, yellowish white. Odour absent. Con-
sistency bubyrous.

Broth: Clouding slight. No ring or pellicle. Seanty, flocculent scdiment.
Odour absent. ’ ,

Litmus milk: Slight coagulation after sccond day. Extrusion of whey after
fourth day. Acid formed.

Potato:  Growth rapid, abundant, spreading, glistening contoured.
Decided odour of ammonia. Medium browned at edges of growtll. Soft rot
develops after five days. Consistency of culture butyrous.

Indol not formed.

Acid in dextrose, saccharose, galactose, mannite, lactose, levulose, and
" glycerine.

Slight gas in saccharose and mannite.

Hydrogen sulphide is formed.

Nitrates reduced to nitrites.

Starch unchanged.

Aerobie, facultative.

Optimum temperature, 20° C. to 30° C.

The- organism just described failed to infect dahlia roots when placed in
direct contact with their uninjured surfaces, but invariably produced a rot,
similar to that formed in the original roots, when brought in contact with
abrasions or punctures mechanically produced. Attempts to infect dahlia
stems were all unsuccessful. This would seem to indicate that the organismi,
causing the trouble under investigation, can only infect the dahlia roots through
wounds produced by mechanical or some other agency.

The organism causing the disease described above is also capable of pro-
ducing a similar type of rot when artificially introduced into carrots, turnips,
and potato tubers. Attempts to inoculate living potato stems with this organ-
ism1 were unsuccessful.

Hollyhock Rust Investigations

(Puccinta Malvacearum Mont.)
(R. R. Hurst, Officer in Charge, Charlottetown, P.IE.I1.)

Rust is the most common disease of the hollyhock, a plant regarded very
highly for ornamental purposes. This conspicuous disease attacks leaf blades,
petioles, stems, and bracts. Severe infections stunt the plants and cause the
leaves to die prematurely. The typical symptoms may be recognized by the
appearance of brownish, wart-like spots or pustules which, on the leaves, are
circular, while on the petioles and stems they are usually elongated. Com-
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monly, the leaf tissue immediately surrounding .these pustules bursts open,
liberating the brownish mass of spores. These are blown from plant to plant
and originate new infections.

The use of liquid Bordeaux and potassium permanganate in the year 1926
failed to control this disease.* In 1927 the same fungicides were used along
with Bordeaux dust and sulphur dust. Weekly applications of each failed to
give any evidence of control. It was apparent, however, that in 1927 primary
infection was delayed by such methods, for rust was abundant on untreated
check plants nine days before its appearance on treated plants. The reverse
of this was true in 1926,* when rust was found on unsprayed checks thirty-
seven days after appearing on sprayed plants.

In October, 1927, it was observed that fresh infections of rust were appear-
ing upon leaves which had survived earlier attacks. This feature suggested
a clue as to the overwintering habits of the fungus, and investigations were
accordingly carried on to ascertain the ability of the parasite to survive the
winter in the form of spores or myecelium.

On October 31, 1928, leaves showing late infections were enclosed in a
sereen-wire cage and the whole placed in an unprotected position out of doors
where they remained until March 28, 1929. Also, on October 31, 1928, six
hollyhock plants showing heavy fall infection were staked. Of these, the parts
above ground were removed and destroyed by burning. At a distance of 100
feet eight hollyhocks showing late infection were staked. The tops in this
instance were not removed.

Microscopic examinations of the sori, when collected the previous Qctober,
showed that approximately thirty per cent of the spores were empty, indicating
that germination had taken place in situ before the date of collection. In view

of this rapidity with which germination oceurs, it would appear that the spores
" hibernate in an immature state.

GrrMmiNaTION Trsts.—On April first, 1929, germination tests were made
of the overwintered spores taken from the caged material. Spores were sus-
pended in tap water, using Van Ticghem cells. Four per cent germination took
place in thirty hours. On June first, additional tests were made, but germina-
tion was not observed. This would indicate that the majority of immature
spores do not survive winter and spring conditions in this climate and that
primary infection is not to be expected from this source.

This is supported further by the facts, that spore germination ceased hefore
June first, and that rust pustules appeared not earlier than late June on the
plants from which the previous year’s growth had not been cleaned away. On
the other hand, in the six cases where the tops had been removed, infection was
delayed until the first week in August, a reasonable length of time for transfer
by air eurrents from the eight diseased plants 100 feet away.

RecommunpaTIONs —In view of the failure to control rust of hollyhock
by applications of liquid Bordeaux, Bordeaux dust, or potassium permanganate,
we must look to other practices for a successful means of control. All plants
showing rust infection should be destroyed in the fall by burning. It also
should be a beneficial practice in the spring to pick off and burn any leaves
showing the disease, thereby lessening the source of infection.

Infectious Chlorosis of the Rose i

(G. H. Berkeley, Senior Pathologist in Charge, St. Catharines, Ont.)
This disease was observed for the first time in Canada in February of this
year.
So far, in Ontario, the disease has been found: only on stock imported .
from British Columbia, and has been largely confined to Rosa Manetii. The

* Report of the Dominion Botanist for the year 1926, p. 27.






23

of the Agricultural Experiment Station, New Brunswick, New Jersey, has
done extensive work with this disease, and has proved it to be con-
tagious and virus in type. We have been able to transfer, by budding, the
disease from Manettr stock to the Premier variety. The manner of spread,
other than by budding, grafting, or cuttings, is as yet unknown: All experi-
mental work at the New Brunswick, N.J., station to date has failed to prove
that spread takes place by means of insects, as is generally the case with virus
diseases of this type. From all observations made so far the disease is appar-
ently one of stock and scion. So far as our experience goes the only stock
found affected has been Rose Manetti. The disease has been found on hybrid
teas, budded on thornless multiflora, but the disease has not been found on
multiflora itself. Dr. White has experimentally proved that multiflore is suscep-
tible to this diseasec. He has so far been unable to transmit this disease to
Rosa odorata. It would appear, therefore, as though this stock is immune, or
highly resistant. :

TFrom the standpoint of control, two points already established in connec-
tion with this disease are of some considerable importance: (1) that odorate is
highly resistant, and, therefore, might replace one of the other stocks wherever
possible; and (2) that spread in a greenhouse is very slow, and, therefore, rogu-
ing of diseased plants should be of great assistance. That such is actually the
case was demonstrated in a range of greenhouses at Toronto where 50 per cent
of the Premier variety were affected with this disease. All diseased plants
were rogued, with the result that very few diseased plants were observed after
three months’ time.

Suﬁﬁower Wilt

(J. F. Hockey, Officer in Charge, Kentville, N.S.)

On account of a severe outbreak of wilt caused by Sclerotinia Sclero-
tiorum (Lib.) Massee in a field of sunflowers at the Experimental Station,
Kentville (fig. 5), a project has been initiated to determine if economical soil
treatments or cultural conditions could be found, which would decrease the loss
caused by this fungus in a rotation where crops susceptible to this fungus ave
grown. Young and Morris® gave a list of fifty plants susceptible to the attacks
of this fungus. To these may be added alfalfa and wild radish (Raphanus
Raphanistrum). The latter plant, on account of its prevalence, is an important
host of the disease in Nova Scotia,

The first serious outbreak of the disease on the field under observation
occwrred in 1926 in a crop of hemp, when a large nwmber of fertilizer and
varietal test plots were planted to this crop. Observations on the presence of °
wilt were made on approximately sixty of these plots at that time, and they
were found to contain from 0 to 37 per cent of affected plants. . During these
observations wild radish was first observed affected by S. Sclerotiorum.

Oats were grown on the land in 1927.

In 1928 the field was planted to sunflowers. Over 50 per cent of the entire
crop wilted, and many rows had less than 5 per cent of plants unaffected.

In 1929 it was decided to try soil treatments and thinning of plants as
possible preventives to the spread of the disease. The soil treatinents were
made with two objectives in view. Tirst, the application of sulphur as a fungi-
cide, and second, the application of sulphm and hydrated lime to change the
soil reaction. No attempt was made in 1929 to apply the materials on the plants
as fungicidal protection.

* Young, P. A. and H. . Morris, Selerotinia wilt of sunflowers, Montana Agr. Exp. Sta.
Bull, 208: 1-32, 1927. :
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Soi. TreaTMENTS.—A portion of the infected field was divided off into
thirty-two plots of approximately %, acre each, comprising four ranges of eight
plots each. The treatments were made as follows:—

Range A—immediately after seeding, June 1.
“  B—seedlings at first leaf, June 18, 19.
“ C— - “ 2nd leaf, July 3.
“ D— ¢ “ 6th leaf, July 15.

The following treatments were employed in each range:—
Plot 1— 3 1b. Toro Sulphur, or 246 pounds per acre

2__ 6 lb. “ “ o 492 “ “
3__ 9 lb- ‘" ‘" [ 738 “ “§ ‘“
4— Check.

5— 6 lb. hydrated lime “ 492 £ i i
6_ 9 lb. “ o “ 738 113 " o
7_12 lb. “ “ o 984 " 14 “
8— Check.

F16. 5—Sunflowers severely affceted with wilt in the field and showing white mycelium
at base of stalk.

The first apothecia were found on June 18. Mature spores were present
but apothecia were not found generally over the field for another two weeks.
The first specimens of sunflowers showing wilt were found on July 3rd at the
time of making the applications on Series C.

Observations on the number of wilted plants in each plot were made at
weekly intervals commencing July 15. The results obtained from the above
treatments indicate that the use of sulphur or hydrated lime, as current season
applications, give negative results in control of the disease. The applications
made on June 18 and July 3 appeared to cause a slight lessening in the intensity
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of the disease. From the data obtained, these two series—B and C—had,
throughout the season after July 22, less total wilted plants than either of the
other series. It is probable that the applications on Series A were made too
early to affect the maturation of ascospores in the apothecia and the applica-
tions on Series D were made too late.

The acidity of the soil from these plots was determined by the colorimetric
method. Soil samples were taken September 13 and the determinations made
on air-dry soil. The soil throughout the series of plots ranged from 6-0 to
6-6 pH. Range A averaged 6-15 pH; Range B, 6-27 pH; Range C, 6-27 pH,
and Range D, 6-5 pH. Tt is apparent that the soil on this area was well buffered,
since plots receiving as much as one-half ton per acre of hydrated lime had an
average acidity of 6:-4 pH compared with an average pH of 6-2 on plots receiv-
ing sulphur at the rate of approximately 750 pounds per acre. The acidity of
the soil in these plots may be considerably altered by the time the next season’s
crop is planted. There was no difference above the experimental error in the
percentage of wilted plants from plots of different H-ion concentration within
the range 6-0 to 6:6 pE. This would be expected, since the fungus has the
ability to develop under wide ranges of acidity.

THINNING SUNFLOWERS T0 PrEVENT WILT—Young and Morris, p. 23, state
that “the rapidity of the spread of Sclerotinia in the rows was decreased by
thinning the stalks until they were at least 20 em. apart. In commercial fields
the stalks in the rows are usually about 10 em. apart.”” An area of infected
land at Kentville was planted with Mammoth Russian sunflowers. The rows
were 280 feet long and 42 inches apart, and each alternate row was divided
into four equal parts in which the plants were thinned to different distances.
Buffer rows between each thinned row were left unthinned.

No effort was made to have plants at the exact distance; but they were
thinned so that plants were not eloser than 3,6, 9, or 12 inches from the adjacent
plants in the row. It was felt that transplanting plants to have them all at
exact distances would be inviting wilt, as there would be a number of broken
roots, to allow infection, on each plant moved.

TABLE 2.—~SUMMARY oF DaTa A1 HARVEST ON SUNFLOWER THINNING, 1929,

Initial Percentage | Number Yield Average
Distance apart in rows total wilt healthy healthy weight
per plant
% b. Ib.

Unthinned. oo iiiiiii i, 1,092 9551 82 70-3 0-85
Approx. 3 inches... e 584 82-19 94 1210 1-28
Approx. 6 inches... 448 82-14 80 133-0 166
Approx. 9inches... 322 76-70 75 156-0 2-08
Approx. 12 inches 259 68-72 81 198-0 2.44

Table 2 gives a summary of the data obtained. Records on the number
of wilted plants were made at weekly intervals from July 29 to September 17,
when the final harvesting records were taken. The weight and number of
healthy plants were taken at harvest. The yields from these uniform sized plots
indicate a decided increase in yield in favour of the plots thinned to 12 inches.
The yield decreased as the percentage of wilt increased.

In commercial planting of sunflowers thinning beyond a distance of 10 or
12 inches is not considered good practice, as the plants are likely to develop
coarse stalks for ensilage. When grown for seed purposes, thinning to 10 or 12
inehes should not be objectionable.
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. TresTiNng Pure LiNEs oFr SUNTLoOWERS ForR ResisTANcE—TForty pure lines of
sunflowers developed by the Dominion Agrostologist were planted on infected
soil, together with three standard varieties, to determine their reaction to Sclero-
tinia Sclerotiorum. Of those tested, several gave indications of some resistance,
and further trials will be carried on another year.

The three varieties, Ottawa No. 76, Mennonite, and Mammoth Russian,
contained 80-31, 52-04, and 74-39 per cent wilt respectively by harvest. The
plants were not thinned from their original seeding. The variety Mennonite is
apparently the most resistant of these three standard varieties,

" CONCLUSIONS

1. Applications, of sulphur at rates up to 750 pounds per acre, or of
Liydrated lime at rates up to 1,000 pounds per acre, have no commercial effect
in reducing sunflower wilt in the current season’s crop.

2. Sunflowers, thinned to 12 inches apart in rows 42 inches apart, gave a
Ligher yield and lower percentage of wilt than rows unthinned, or thinned to
3, 6, or 9 inches apart,.

3. Several pure lines gave indications of resistance to wilt. The variety
Mennonite was the most resistant commercial variety tested. These observa-
tions suggest that it may be possible, by breeding and selection, to obtain a
variety more resistant to wilt than any of the commercial varieties of sun-
flowers now grown locally.
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Fume Injury to Forest Trees

(A. W. McCallum,* Forest Pathologist, Ottawa, Ont.)

In a country, such as Canada, in which mining, with the subsequent
smelting of ores, is an important and growing industry, the effects of injurious
gases, which result from the smelting of certain ores, becomes a question of
great economic importance. Both gaseous and solid by-products resulting
from the smelting process may be injurious, but in a modern smelter there is a
high degree of recovery of metallic fume with little or no injury resulting from
this source. Of the gases by far the most common and important is sulphur
dioxide, which results from the smelting of ores containing sulphides.

In coniferous trees sulphur dioxide injury is usually characterized by the
reddish-brown discoloration of the leaves from the tips downwards, generally
involving only a part of the length, but in cases of severe injury reaching com-
pletely to the base. Later the leaves dry out, tuwun brown, and fall off prema-
turely. TUsually the older leaves die off first. Omne of the most prominent
symptoms of fume damage in coniferous trees, then, is thinuess of foliage. As
different species retain their leaves for varying periods of time, it is necessary,
in studying fume injury, to have some knowledge of the variations in this
regard which may be met. For instance, western yellow pine usually bears
three years’ leaves, Douglas fir eight, western white pine four, lodgepole pine
six, and western hemlock five. These, of course, are average figures, from
which there may be considerable variation, depending upon the conditions under
which a particular tree is growing (see figs. 6 and 7).

Naturally, in different species of trees there is a variation in symptoms—
in fact, in regard to plants generally, it seems desirable that a detailed deserip-
tion of the symptoms of sulphur dioxide injury for each species should be made,
as these vary greatly. Typically, there is a killing and bleaching of the inter-
costal areas accompanied by a shrinkage of the killed parts; but there are
several other types of injury. In certain plants the killed area is strictly
marginal in character, in others it is confined to the tips, middle, or bases of
the leaves, and in still others it may be localized, giving a spotted appearance.
In lodgepole pine, for example, there is the typical reddish-brown discoloration
with all or part of the leaf involved, while in western hemlock the discolor-
ation is much lighter, being a whitish-gray shade, with the injury confined
almost exclusively to the distal half of the leaf. .

While, in coniferous trees generally, it is usually an easy matter to make
a correct diagnosis where fume injury has been at all severe, it becomes much
more difficult where the burning has been slight. This is so on account of the
numerous other forms of leaf injury which may be encountered. Probably the
type of injury which most nearly simulates fume damage is winter injury or
“red belt ” in its various forms. The symptoms of “red belt ” may vary from
the total or partial killing of a few leaves to the complete death of all that
part of the tree which was exposed above the snow line. Usually, however, the
whole leaf is injured, and not only part, as is so often true of fume injury.
Then there is a difference in colour—fume damage producing a brighter reddish
discolouration than winter injury. The condition of the foliage is often of
great assistance in diagnosing fume injury since, if one is examining injured
foliage from a tree which is bearing a normal set of leaves, the idea of fumes
being responsible can generally be dismissed. While damage due to winter
injury occurs quickly, that due to fumes is much slower and is progressive in

* Qervices of Mr. McCallum were loaned to National Research Council during season 1929,
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In recent years the development of an automatic recording instrument,
which gives a continuous record of the content of the air at a particular point
in terms of sulphur dioxide, has been a marked improvement over the older
methods, by which a sample of air was analyzed only occasionally.

Just as there is variation in the symptoms of smoke damage upon different
plants, so there is also variation in susceptibility. In general the comifers are
more susceptible to injury than the deeciduous trees. Possibly one condition
which makes them so is the fact that their leaves are retained throughout the
year, and are thus subject to damage at all seasons, though it has never been

F1e. 7—Sound yellow pine for comparison.

demonstrated that injury does occur during the winter. As regards trees this
i1s a matter which merits investigation. Among deciduous trees maple seems
to be one of the most resistant species, but, in general, the relative suscepti-
bilities of the different tree species in this country are very imperfectly known.

Since the presence of sulphur dioxide in sufficiently high concentrations
and under conditions favourable for injury results in a killing of a portion of
the leaf surface, it follows that, as the amount of growth is directly related to
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the area of functioning leaf surface, a record of the damage done will be shown
by a study of growth. While there may be differences of opinion as to whether
or not certain forms of leaf injury are due to fumes, the plotted diameter
growth of a large number of trees from a suspected smoke zone, when com-
pared with a similar large number from an area known to be free from fume
injury, enables one to decide very definitely whether injury is occurring in the
group of trees under consideration. There can be no doubt but that the study
of carefully collected and analyzed diameter growth data is the most satisfac-
tory method of demonstrating fume injury in conifers. This, of course, only
applies to living trees. When injury has been so severe as to kill trees, the
degree of such damage can be ascertained by taking sample plots and classify-
ing the dead trees as to the cause of death.

It is now generally recognized that, in addition to the presence of sulphur
dioxide in sufficient concentration, there are several important factors which
contribute to the occurrence of damage in plants. These are light, humidity,
and temperature. O’Gara found that with alfalfa, a very sensitive plant, the
first slight markings became apparent after a fumigation of 3 hours with a
concentration of 1 part per million by volume under favourable conditions of
light, humidity, and temperature. Generally speaking, bright light, high
humidity, and high temperature are favourable to injury. It 1is readily apparent
that there must be many oceasions, when a sufficient concentration of sulphur
dioxide is present to cause damage, when no damage will occur on account of
unfavourable conditions of light, humidity, or temperature.

In regard to control of the sulphur dioxide nuisance, this can be acecom-
plished cither by the emission of smoke in such dilute form that damage will
rarely occur, or by the elimination of sulphur dioxide from the smoke stream.
For the former certain topographic conditions are necessary which are not
always present. In regard to the latter it is quite feasible to convert sulphur
dioxide into sulphuric acid, but it is usually not economical to do so. In addi-
tion, in a large smelter therc would be the problem of disposal of the surplus
acid, which might amount to several hundred tons a day. One way oub of this
difficulty is the manufacture of fertilizer, in which process sulphuric acid in
large quantities is necessary.

Cultural Studies of Wood-destroying Fungi

(Irene Mounce, Assistant Plant Pathologist, Ottawa)

STOCK CULTURES OF WO0OOD-DESTROYING FUNGL

In the reports of the Dominion Botanist for 1926, 1927, and 1928, lists were
given of the different species of wood-destroying and wood-inhabiting fungi
included in the collection of stoek cultures at Ottawa. Only two new species
have been added during the year, namely, Ganoderma oregonense Murr. and

Pholiota albocrenulata Peck,

We are indebted to Dr. J. Westerdijk of Baarn, Dr. J. Liese of Eberswalde,
Mr. G. D. Darker of Harvard University, Dr. A. H. R. Buller of the University
of Manitoba, Dr. W, H. Snell of Brown University, Dr. C. W. Tritz of the Forest
Products Laboratory at Ottawa, the Dominion Botanist, and Mr. A. W.
MecCallam and Mr. R. R. Hurst of this Division for specimens and cultures from
new localities and new hosts—a total of eight-four new cultures in all. During
the past year one hundred and fourteen cultures, in duplicate, have been sent
out to various workers in answer to requests.
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HETEROTHALLISM IN Fomes pinicola (Sw.) Cooke

For the last four years notes on heterothallism in Fomes pinicola have
been included in this report. The study has been continued during the year
but the results obtained only amplify those reported previously, and since they
have been published in the Proceedings of the Canadian Phytopathological
Society,* they need not be mentioned here. During the summer a large number
of sporophores, from various localities in British Columbia, the state of Wash-
ington, and Germany, were cultured, and it is proposed to continue experiments
with this new material. .

Miss Mildred Nobles, who was working in this laboratory during the
summer, was able to demonstrate by means of stained preparations that in
Fomes pinicola and Polyporus Tuckahoe there is a single nucleus in each cell
of & mycelitm of monosporous origin and a pair of nuclei which divide con-
jugately in each cell of a mycelium which bears clamp-comnections. These
results are similar to those obtained earlier by Kniep** and Bensaudet for other
Basidiomycetes. This work is being continued by Miss Doris Head.

HETEROTHALLISM AND THE CLAMP-CONNECTION CRITERION FOR THE IDENTITY OF
SPECIES AS APPLIED 10 Lenzites saepiaria Fr. anv Trametes protracta Fr.

A note on this subject was included in the report of the Dominion Botanist
for 1928. Monosporous mycelia of Lenzites saepiaria were obtained from two
sources (No. 835, No. 854) and series of all possible pairings showed, in both
instances, this fungus to be heterothallic and bisexual. Monosporous mycelia,
of Trametes protracta were also obtained from two sources (No. 903, No. 990)
and this fungus similarly was shown to be heterothallic and bisexual. Further,
any monosporous mycelimin of L. saepiaria No. 835 produced clamp-connections
when paired with any monosporous mycelium of L. saepiaria No. 854; and any
monosporous mycelium of 7. protracta No. 903 produced clamp-connections
when paired with any monosporous mycelium of 7. protractea No. 990; but no
monosporous mycelium of L. saepiaria from either source could be induced to
form clamp-connections when paired with a monosporous mycelivm of 7. pro-
iracta.

During this year monosporous mycelia of Lenzites saepiaria were isolated
from two new sources, No. 8358, a sporophore collected on Abies balsamea in
1927 at Timagami, Ont., and No. 996, a sporophore collected at Cranberry Lake,
N.Y, by Mr. E. J. Eliason. All possible pairings of ten monosporous mycelia
of No. 996 and of four monosporous mycelia of No. 835B showed Lenzites

-saepiarie from these two additional sources to be heterothallic and bisexual.
Clamp-connections were produced when a monosporous mycelium of L. saepiaria
from either of these sources was paired with one {rom any other source; but no
clamp-connections were ever found in any pairing of one of these MOENOSPOrous
mycelia with one of Trametes protracta. These results confirm and amplify
those published previously.

*Vide: Irenc Mounce, Notes on sexuality in Pomes pinicola (SW.) Cooke, Fomes roscus
(Fr.) Cooke, ete., cte. Proceedings Inaugural Meeting, Canadian Phytopathological Society,
p. 27-28. 1930.

**RKuniep, Hans. Beitriige zur Kenntniss der Hymenomyceten IIT. Zeitschr. £. Bot. 7:
369-398, 1915,

T Bensaudle, Mathilde. Recherches sur le cycle évolutif et la sexualité chez les Basidiomy-
cdtes. Nemours, 1918.
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NOTES ON SEXUALITY IN Fomes pinicola (Sw.) Cooke, Fomes roseus (Fr.) Cooke,
Polyporus Tuckahoe (Giissow) Sacc. et Trott., P. resinosus (Schrad.) Fr.,
P. anceps. Peck, Lenzites suepiaria Fr., Tametes protracta Fr., and T.
suaveolens (L.) Tr.

A paper with this title was rvead. at the annual meeting of the Canadian
Branch of the American Phytopathological Society held at Ottawa in December,
and will appear in the Proceedings of the Canadian Phytopathological Society.
It contains a brief account of the more recent results obtained with
-monosporous mycelia of Fomes pinicola, Lenzites saepiarte and Trametes pro-
tracte from different sources; with Fomes roseus, Polyporus Tuckahoe, and
P. anceps which are considered to be heterothallic species, and with P. resinosus
and T. suaveolens which are probably homothallic.
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REPORT OF THE DOMINION RUST RESEARCH LABORATORY
WINNIPEG, MANITOBA

(J. H. Craigie, Officer in- Charge)
Rust Epidemiology
(Wm. Popp and J. H. Craigie)

FIELD STUDIES

One of the most interesting, if disconcerting, features of stem rust
epidemiology is that every season furnishes a new combination of environmental
conditions, which, in turn, influences materially the expression of the disease in
the maturing crop. The summer of* 1929 afforded a rather extreme e\ample,
being one of the driest in the history of the Prairie Provinces. The rain-fall
for the month of June, in most districts, was little more than half the average
amount for that month; for July, the p10po1t10n was still less; and in August
practically no rain lell at all. Moreover, what rain fell in June and July
generally came as light showers, and did little more than dampen the surface of
the ground. The month of June was moderately cool, particularly the latter
part, but July and August were excessively hot. As a consequence of these
conditions, the stand of grain in most of the fields was thin and short; the best
fields were not above the general average for other years, and the 1)001&1 fields
were scarcely worth cutting.

The first traces of rust in the field were found at Brandon and Portage la
Prairie, Manitoba, on July 3. A survey of the districts lying between Winnipeg
and Morden was made on June 28 and 29, but no trace of rust could be found
in this area. However, on July 5 and 6, scatteled primary infections were found
in this area, and, douxbtleq traces of rust could have been found on July 3, if
a survey of this area had been made on that date. The particular s1omﬁcance
of the simultaneous appearance of stem rust over this large area, flom the
southern part of the province northward to Winnipeg and westward to Br rmdon
will be pointed out in the discussion of the spore-trapping results.

Throughout the month of "July the amount of rust in Manitoba gradually
imereased. As already pointed out, the weather was extremely hot and dry, but
heavy dews oceurred during the mghts and thus permitted fresh infections to

take place. The condition of the wheat plants, however, seemed to prohibit the
luxuriant growth of the fungus in their tissue. The individual pustules were, in
general, much smaller than tho~c usually found in other years.

By tlie end of July, the early varieties of wheai were quite evidently beyond
the stage where rust could do them any appreciable damage, but on most of the
Marquis wheat the amount of infection had increased very appreciably, and,
before most of it had ripened, its margin of safety became very narrow indeed.
However, from certain data gathered by Mr. Greaney in his sulphur-dusting
experiments, it would appear that the actual loss due to stem rust was not very
great. The high average grade of the wheat this year supports this conclusion.

Barley ripened generally earlier than wheat, and was less affected by rust.
Oats in general, and particularly the later-sown fields, bore a fairly heavy
infection, but possibly, like wheat, were not very appreciably damaged.

In Saskalchewan, no trace of ruse in the fields was observed until July 22.
A survey of the eastern part of the province, through the Qu’Appelle Valley and
northward, indicated that infection had possibly oceurred in this part somewhat
earlier than either further south or west. At any rate, no rust occurred at
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Indian Iead until July 31. Rust was, therefore, at least two weeks later in
appearing in Saskatchewan than in Manitoba. From that time onward, a very
light general infection spread over most of the province. In some cases, 60 per
cent of the plants bore a trace of rust, but, owing to the lateness of its appear-
ance and to the fact that the crop ripened almost simultaneously with that of
Manitoba, rust made little headway at all; and, certainly, no loss in yield or
grade can justly be attributed to it.

In Alberta no trace of rust appeared until the middle of August. By that
time much of the grain had ripened. The infection was, therefore, confined to
a few widely scattered primary infections.

Acknowledgment is made to the Dominion Laboratory of Plant Pathology,
faskatoon, for making a systematic survey of Saskatchewan, and to the
Dominion Laboratory of Plant Pathology, Edmonton, for reports from Alberta.
Also to Dr. J. B. Harrington, of the University of Saskatchewan, and Dr. A, W.
Henry, of the University of Alberta, for several individual reports.

(b) STATIONARY SLIDE EXTOSURES

(Co-operative project with the Dominion Laboratory of Plant Pathology,
~ Saskatoon, Sask.)

The spore-trapping work was continued this year, but the number of
stations at which slides were exposed was considerably reduced. It was thought
that the data gathered during the last three or four years were sufficient to
warrant this reduction. Slide exposures were carried out in Alberta at only one
station, Edmonton, and at two in Saskatchewan, Saskatoon, and Indian Head.
In Manitoba, however, slide exposures were made at five stations, in order that
a fairly accurate indication of the first arrival of spores could be obtained,

In table 3 are given the results of these exposures between June 10 and
July 31. Although slides were exposed at all the stations, except Edmonton,
from the first of June to the middle of August, very few spores were detected
during the earlier period and the spores of the later period can be considered
to have been produced in the district where the slides were exposed, except in
the case of Edmonton where no rust was found in the fields up to the middle of
August, although spores were found on the slides,exposed there much earlier.

TABLE 3,—STATIONS AT WHICH SLIDES WERE ExPosep, witTii DATES AND NUMBER oF SPORES FOR EACH
ExPosURE, BETWEEN JUNE 10 AND Juny 31, 1929

Date Emerson | Morden |71rcherne | Winnipeg | Brandon Indian Sask- Edmon-
Fead* atoon* ton*

0 [ 0
0 0 0 0
0 0 0 0
0 0 0 0
0 1 0 0
0 0 0 0
31 9 182 0
238 252 266 84
0 {.......... 0 9
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 [ S 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
20 0 1 0
0 0 0 0
0 [V 0
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TABLE 3—STATIONS AT WIIICII SLIDES WERE EXPOSED, WITII DATES AND NUMBER OF SPORES FOR
EACTT IIXPOSURE, BETWEEN JUNE 10 AND JuLy 31, 1929—Concluded

Date Emerson | Morden | Treherne | Winnipeg | Brandon | Indian [ Sask- | Edmon-
H:ad* atoon* ton*

July 1............ 0 1 0 |t [ PR R

“ 2. 0 0 0 0 0 1 1

“ 3. 0 1 2 2 2 |

.. 0 0 0 0 0 0 0

S SOOI 0 0 0 0 [ PO [

“ 6., 1 0 0 4 0 1. 4

T e 0 8 |l ) S PR PN

8. 0 0 0 3 0 21 1

“« 9., 0 0 0 2 (1 O

“ 10.. 0 3 0 658 0 5 2

“11.. 6 0 4 392 [ I U PO

“o12... 23 1 4 0 0 1 3

“13.. 0 0 43 0 J....... [P PN

“ 14, 2 [ 2 I 0 2 0

“ o 15... 3 13 56 (1 PO

“ 16.. 0 7 4 0 4 2

“o17.. 3 14 3 5 2 [ PN

“ 18 0 0 0 6 1

“ 19 168 126 [\ 1,204 122 S PO (RN

“ 20 104 112 3,066 4 30 ?

“o21., 14 49 1o R J O DN

“ 22, 9 12 0 16 1

“923... 161 182 273 154 |oooiiiiiiin,

«“ e 42 196 19 27 4

“ 420 308 5 316 [o.oiiiii it

«“ 344 3 few 31 24 0

“ 84 112 14 137 J I AP

« 210 70 |oovieiinn 6 £ 2

«“ 0 0 350 E 2 I

«“ 2,408 3,108 2,058 308 42 3

«“ * 080 98 36 13 K TR [

* At Indian Head and Saskatoon each slide was exposed for a period of two days, and at Edmonton,
for a period of three days. ’

The first definite spore showers occurred over Manitoba on June 17. It will
be seen from table 8 that the spore count for all the Manitoba stations was quite
high. This fact indicates that the shower was relatively heavy and general. Two
weeks later, primary infections appeared almost simultaneously in the southern
and central parts of the province. The evidence seems fairly convincing that
this spore shower was responsible for the early infections.

A few circumstances in connection with this spore shower are worth noting.
At this time, according to information received from the United States Depart-
ment of Agriculture, the northern limit of rust in the Céntral States might be
indicated roughly by a curve passing through central Colorado, through Nebraska
northeasterly into southeastern South Dakota, and from there dropping southeast
into central Illinois. It should, however, be pointed out that there was but a
trace of rust along this northern limit, and that, even in the more southerly States,
not more than a light infection was anywhere present. However, the maps of
the Meteorological Service of Canada (Fig. 8) show that there was a continuous
LOW over some_part of the Prairie Provinces from June 18 to June 19, ahd that
there was a general moveinent of air from Texas northward through the Central
States into Western Canada. On June 17, the wind velocity over Manitoba and
the adjoining States to the south was approximately 20 miles per hour. It seems,
therefore, that, although stem rust was nowhere very abundant in the area just
indicated, urediniospores in sufficient numbers were accumulated by these north-
ward-blowing winds to provide a very definite spore shower for Manitoba. Con-
firmatory of this hypothesis is the fact that at St. Paul, Minn,, a definite spore
shower occurred at that time. This evidence points to the west-central States
as the probable source of the inoculum.
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Just why the slides exposed at Indian Head and Saskatoon, Saskatchewan,
did not detect any spores on June 17 may be difficult for novices in Meteorology
to explain, bub it might be pointed out that the .OW of that date centered in
central Saskatchewan and northwestern North Dakota, and the isobar lines for
June 16 and 17 indicate that the wind from the rust-infected area passed over
Manitoba and the adjoining portion of western Ontario, and that the wind which
- passed over southern Saskatchewan came from the west or northwest and thus
passed over non-rusted areas,

WEATHER  MaP

showing  ssabiry  [for

: b 4\
]//m 1979 ' ® - J

TFre. 8.—Isobars for June 17, 1929, redrawn from weather map of .
that date. Alr currents move comnter clock-wise around. a
Low, and clock-wise around a High. Winds from States west
of the Mississippi river would pass over Manitoba. The close-
ness of the isobars cast of the Low indicates a relatively,

" strong wind, © (By permission of the Director, Dominion

" Meteorological Service.)’
From this time onward until July 10, very few spores. were intercepted by the
slides, but on that date, as-well as on July 11, the number on the slidds exposed’
at Winnipeg was quite-high: -An exposure by aeropline: (see table 4, page .- .)
for 30 minutes at Portage la Prairie, west of Winnipeg, on July 10 fuinished ’
32 spores. On July 11, another exposure of 30 minutes, over the same district,
furnished 17 spores and one at Lac du Bonnet, for 15 minutes, had 48 spores.
These aeroplane exposures substantiate the findings of the stationary slide
cxposures, that, in the vieinity of Winnipeg during these two days, there was
present in the atmosphere a fairly high concentration of stem rust spores, The
isobar lines for these two dates show that wind from the States where rust was
present at this time would pass over Manitoba, but not over Sagkatchewan. An
explanation of how slides exposed at other stations in Manitoba detected very
few spores on these dates is not attempted. It might be suggested, however, that
the air over the west central States would be fairly highly heated and would
move northward as a rising current. The temperature in Manitoba on both
days was comparatively low, maximum 74° and 70°, minimumr: 52° and 58° T,
for Winnipeg, July 10 and 11, respectively. It can be imagined that relatively
warm air from the south, bearing spores, would move northward as an upper
current, but on reaching the cooler latitude of Manitoba would hegin to descend.
It might, therefore, pass over the stations in the southern part of this province.
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but come to ground level by the time it reached Winnipeg. Certainly there were
no local infections around Winnipeg at this time that could account for this spore
shower,

After the lapse of a week, during which only a relatively small number of
spores were intercepted, a sudden increase is registered by the slides at three of
the stations on July 19 and 20. None were found at Emerson, and only 35 at
Brandon, Man., and 30 at Indian Head, Sask., for the two days. Why none
were detected at Emerson is difficult to see. It is one of those anomalies that
have been so frequently encountered in this work. The slides at Winnipeg had
by far the largest number of spores. Possibly this spore shower might be
explained again by descending air. At Winnipeg, for July 16 and 17, the maxi-
mum was 90° and the minimum, 60° F.; for July 18, the maximum was 80° F.,
but the minimum fell to 42° F.; and for July 19, the maximum was relatively
low, 72° I, the minimum 46° I. On July 20 the temperature rose to a maxi-
mum of 80° and a minimum of 60°. The spore shower occurred on the date of
low temperature. It might also be pointed out that the isobar lines occupy
approximately the same position for Manitoba and the States to the south, that
they did in the two previously discussed instances. At this time a light primary
infection was present over most of the wheat-growing part of Manitoba, but
nowhere in the province was there heavy infection. Some.of the spores found
on the slides may, therefore, have been of local origin, but local infections can
scarcely account for the large number found at Winnipeg, especially as a com-
parable number of spores were not shown again by the slides at this station until
July 30.

The spore count, however, was relatively high again for the Manitoba
stations between July 23 and 26, but dropped sharply during the next two or
three days. Here again the isobar lines indicate a northward movement of air,
but, as the amount of infection was gradually increasing in this province, locally
produced spores were becoming more and more plentiful, and might account for
a large percentage of the spores. Ifrom August 1 onward to the middle of the
month the spore count became relatively constant, although quite evidently
showing local intensities of spore concentration in the air, due to harvesting
operations.

In Saskatchewan, not more than a trace of spores was detected by the
slides exposed at Indian Head until July 20, with one exception on July 8, or at
Saskatoon until about the first of August, with one exception, June 26. In com-
parison with Manitoba the number of spores present in Saskatchewan was small,
and the earliest arrival of spores comparatively late. As already noted, rust
was somewhat later than usual in appearing in the fields in this province—the
first trace being discovered on July 22. Rust development was early terminated
by the rapid ripening of the grain. The small number of spores and their late
arrival seem to account for the fact that Saskatchewan had considerably less
rust than Manitoba.

In Alberta, slides were exposed at Edmonton from July 15 to August 31,
each for .o three-day period. A few spores were caught during the last ten days
of July and throughout August. The highest number on any slide was eight.
This indicates that the spore content of the air over Alberta was very low indeed.
No trace of rust was found in the province until after the middle of August, and
nowhere in the province did more than a trace of rust occur, The exceedingly
light infection in Alberta seems to be correlated directly with the small amount
of inoculum: in Saskatchewan there was more inoculum present and more rust
in the field, and still more of each in Manitoba,
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(¢) SLIDE EXPOSURES BY AEROPLANE
{Co-operative project with the Royal Canadian Air Force)

Reference has already been made to slides exposed during aeroplane flights.
The results of these exposures are given in table 4. Arrangements were made
for a series of flights between Portage la Prairie and Winnipeg, and Portage
la Prairie and Brandon, by the machme which was to do the sulphur dusting,
but unfortunately an accident put this plane out of commission early, and only
four flights were made. However, two of these, on July 10 and 11, gave very
1mportant evidence beari 1ng on the spore shower that occurred at Wlnnlpeg on
those two dates, as did also the exposure at Lac du Bonnet, Man., on July 11.

TABLE 4.—STATIONS AT WiICH SLIDE EXPOSURES BY AEROPLANE WERE MADE IN 1929, Wirt DATES or
ExprosuRES AND NUMBER"OF SPORES INTERCEPTED

Number of spores

Date
Lae du Cormorant | Portage la
Bonnet Lake Prairic

0
2
0
8
0
1
0
4
0
0
0

From the middle of July to the middle of August, seventeen exposures
were made at Cormorant L.ake in northern Manitoba. This station 1s more than
350 miles north of Winnipeg and widely separated by forests and lakes from
wheat-growing areas. Although the highest number of spores for any one of
these exposures (15 minutes) was eight, not many spores were to be expected this-
season at a point so far remote. But the evidence does show again that, when
even but a moderately light infection of rust is present in the wheat belt some
spores are carried away from it to a considerable dlctance

Physiologic Forms of Wheat Stem Rust, Puccinia graminis Pers, var.
Tritici Erikss. & Henn,

(Margaret Newton, T. Johnson, and A. M. Brown)

The present report summarizes the results of the tenth year of research
in Canada on physiologic specialization in wheat stem rust, Puccinia graminis
Tritici (see table 5).
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TanLy §.—Puysiornoaic ForMs or Puccinia graminis Tritici FROM CERBALS AND GRrASSES IN CANADA BETWEEN
1919 aND 1928 wrTH A RECORD OF THE N UMBER OF TIMES EACH FForRM WAS COLLECTED ANNUALLY

Number of times form was collected

Form Year

1919 | 1920 ) 1921 ) 1922 ) 1923 | 1924 ) 1925 | 1926 ) 1927 | 1928

M bt ek = OT

[
»n

Total number of collections made
INYOAL. ot et eeiearanninen, 28 78 44 61 29 39 175 378 442 390

During the entire period thirty-nine physiologic forms have been isolated
in Canada. As was stated in the 1927 annual report, all forms of stem rust col-
lected in Canada, until 1926, were identified as one or other of the forms found
in the United States. Since that time sixteen physiologic forms, different from
those deseribed by Stakman and Levine, have been isolated in Canada. The
first eight of these were described in full in Scientific Agriculture, Vol. IX, No.
4, 1928. The remaining eight, designated by the letters A, B, C, D, E, F, G,
and L, were all collected in 1928. The distribution of these new forms is shown
in tables 6 and 7. The figures represent the total number of times each form
was isolated in the different provinces. It will be seen that form G occurred in
four collections from British Columbia, but that each of the others was col-
lected but once. Forms B, C, D, E, and F were all isolated from the rust nursery
rows at Charlottetown, Prince Edward Island, while Form I was obtained
from barberry, artificially inoculated with telial material collected at Winni-
peg, Manitoba.
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TaBLe 6.—DISTRIBUTION BY PROVINCLS oF THE Prysiroeic Forums cr P. graminis Tritici FRoM CERBALS AND GnASSEs
- 1v CANADA IN 1928 ,

Physiolog’e forirs
Proviice -

. T(11[14{15{17{19}- 21 | 23 [ 29 |34 |36 |38 [40 (49|52 A(B | C|[D | E [ F { G |[Total
Alberta................ 1 1....1 1]..] 13 2.. JdO019 38
British Columbia,..... PP S O DU UUUS TOO  | E/| SO P F DU S 8
Manitoba.............. 1).0]. |11, . ] 5] - 42].... 5 gl &9~ 7|.... 149
New Brunswieck....... JRS OO R I VO O [ 8 11 3 2/....(. 8
Nova Scotia........... 2{..0.1]. . 2[.. ' 1 10[....[. 17
Ontario............... gL ) 8. 2] -5 8l.... 23
Prince Tidward Island Ao 2. 1 1. 10
Quebee...... L0 2|. 4 2., 11
Saskatehewan......... 518 38|. 2| 61 2| 1 126

2| 4| 2{21] 6| 6| 103 4| .11 15| 154] 32, 1 390

- It is not definitely know how these sixteen new forms originated. ‘They
may have been present for some time and merely escaped detection; or they
may have arisen through. hybridization and segregation on the balberry, or
through the mutation of already-existing forms. As all the forms arose either
from uredinial material collected in the field, or from barberries artificially
inoculated with naturally-occurring telia, there was no way of determining the

TaBLE 7.—D1STRIBUTION BY PROVINCES OF THE Plrystonogic Forms or P. graminis Tritici FROM BARBER-
RriES IN CANADA IN 1928

: . Physiologic form
Provinee : Total

1] 9 |11 |15|17(21|20)33]34|36]|40|52]|0L
1l 1| 2 s 1| 2. 1| 34|....| 24| 2 94
1 1
1. 1 2
. 1
1 1 3l 6 1 23 1 1 2| 34 1 21 Z “100

facts of their earlier history. Certain evidence, however, pointed to hyhbridi-
zation and segregation on the barberry: (1) three of the forms, each of which
has been collected but once, were found at Ottawa in rust-nursery rows which
were planted in close pr oxlmlty to a barberry hedge; (2) three of the forms were
collected only on barberries; (3) most of the remaining collections of these
new forms came from provinees in which the barberry is quite common.

During the present year experimental evidence has been secured, under
controlled COHdltIOHS in the greenhousc that hybridization and segregatlon
of forms occur on the bharberry. - It is, therefore, very probable that the new
forms mentiozied in the preceding paragraph arose in this way. The experi-
mental work is yet in.progress, and an account of it will appear in the next
report.

Tapre 8:—A CoMPARISON o THE FREQUENCY oF OCCURRENCE OF PuysioLogic ForMs 21 AND 86 1y
. CaNapa DuriNGg THE YBARs 1925, 1926, 1927 anDp 1928 4

Number ..| Number -
' . "Total of times | Percentage | of times | Percentage
* Year number of |form 21 was| o total |form 36 was| of total
. collections | collected | collections | collected | collections
each year each year
o : )
175 44 2514 113 764-57
378 84 22:22 : 211 55.82
442 133 30-09 201 45-47
390 103 26-41 154 39.49
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Since 1925, the two physiologic forms, 36 and 21, have been the prevail-
ing forms in western Canada. Irom table 8 (percentage of total collections)
it will be seen that form 36 has been growing less prevalent from year to year
during this time, while form 21 has remained more or less constant.

As forms 21 and 36 have been the prevailing forms in western Canada,
it might be supposed that they have been the first to arrive each season. Such
is not the case. Sometimes one form appears first, sometimes another. Table
9, which is a summary of the frequency of occurrence of physiologic forms
of P. graminis Tritici in Manitoba and Saskatchewan in the very early and
late seasons of 1926, 1927, and 1928, indicates that no appreciable difference
in kind or number of forms can be detected in the very early or in the late
group.

TABLE 9.—-F§EQUENCY oF OCCURRENCE or Puysionocic Forums oF P. graminis Tritici IN MANITOBA AND
SASKATCHEWAN IN THE VERV EARLY AND LATE SeasoNs oF 1926, 1927 anp 1928

Peorcentage of collections from June 30- | Percentage of collections from August 1-
July 31 October 31
Physiologic form Year Year
Average Average
1926 1927 1928 for 3 1926 . 1927 1928 for 3
years years
% % % % % % % %
0 1.76 0-59 0 0 0-64 0-21
0.72 1-88 0 0-87 0 1.06 0 035
0 0-88 0-29 0 0 0-64 0-21
0 4-24 0 1-41 1-19 319 0-64 1.67
0.72 1-88 11-50 4.70 1-19 4.25 1-28 2.24
0 0 0 0 0 1-06 0 0-35
0.72 3-30 1.76 1-93 1-19 5.32 1.92 2-81
0 0 0-88 0-29 0 0 2-56 0-85
2230 29.71 21.23 24-41 2381 34.04 35.25 31.03
10.07 0-47 1.76 4.10 238 3-19 3-84 3:14
2.87. 0-04 0 1.27 476 3:19 0 2-65
2-16 0-47 0 0-88 2-38 0 0 0-79
1.43 2-35 1-76 1.85 1-19 3-19 5.76 338
58.27 49-05 46-90 51-41 60-71 36-70 41.02 46.14
0 2-35 4.42 226 0 2-12 2-56 1.56
0 0 0 0 0 0 064 0.21
0 1.88 5-30 2.39 119 0 2-56 1-25
0 0-94 0 0-31 0 0 0 0
0.-72 0-47 1.76 0.98 0 2-12 1.28 1.13

Form 38, a form to which Marquis is resistant, was discovered in 1926. At
that time it was present in seventeen of the one hundred and eight isolations
originating in eastern Canada, but it was found in only one of the two hun-
dred and eighty-six isolations from western Canada. The reason for this
is not entirely clear, but it is known that, while Marquis was grown almost
exclusively in the west, a greater variety of wheats was grown in the east, and,
as Marquis is resistant to form 38, it seemed possible that this form had been
prevented from appearing in Western Canada by the scarcity of congenial
hosts. In 1927 and 1928, through fear of rust, farmers, in both Western
Canada and in the north central States, sowed a considerable proportion of
durum wheat and varieties other than Mwarquis. Greenhouse experiments had
previously shown that form 38 could attack many of these wheats. The ques-
tion naturally arose, would an extensive introduction of these wheats bring
about an appreciable change in the prevalence of such forms as 38 in the west.
The results seem to indicate a slight change. IForm 38 appeared in thirteen of
the collections made in the west in 1927, and in nine of the collections made
in 1928. It has remained the most prevalent form in Iastern Canada since 1926.
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The Constancy of Physiologic Forms of Puccinia graminis Tritici

(T. Johnson, Margaret Newton, and A. M. Brown)

In a previous- report the -occurrence of -abnormally ecoloured uredinia in
cerbain physiologic forms of Puccinia graminis Tritict was mentioned. Three
physiologic forms have shown the presence of such uredinia. In one of these,
form 9, uredinia of an orange colour appeared among the normal red uredinia.
The other two abnormally couloured physiologic forms, 36 and 52, have each
appeared, on several occasions, in the first generation of uredinia arising from
infections by aeciospores. These two forms do not differ pathogenically from
the normally coloured forms 36 and 52, but possess uredinia of a greyish-brown
or chocolate colour, which contrasts rather sharply with the red colour of normel
uredinia.

During the winter of 1928-29 an attempt was made to determine to what
extent abnormally coloured forms of rust appeared from barberry infected hv
teliogpores formed in the field. Hordewm jubatum, collected in the spring of 1928
in the neighborliood of the Agricultural College at Winnipeg, and bearing
abundant telia, served as source for the inoculum. Barberries were infected oi
several oceasions by this material, and the aecia resulting from these infections
were used to establish eultures on wheat plants. Abnormally coloured uredinia
were observed in a number of these cultures. These, as well as the uredinia of
normal colour, were isolated, and studied to determine what physiologic forms
they represented. In all, forty-eight cultures were studied and identified. Of
these thirty-two were cultures of the normal, ved-coloured rust, while the re-
maining sixteen cultures were abnormal in the eolour of their uredinia, which
were of ‘a greyish-brown or chocolate colour. The following physiologic forms
were identified from the normal and grey uredinia respectively.

IFrom Normal Uredinia
23 cultures of form 21

2 4 (44 36
5 o (41 52
2 u “ L (a ncew form)

From Greyish-brown Uredinia

5 cultures of form 36, greyish-brown
11 “ “ 52, greyish-brown

Another colour variation has been found in form 36 in addition to the ones
described above as greyish-brown. This new one is likewise of a greyish colour,
but of a shade so different as to warrant a separate description. It has been
named; temporarily, form 36 light-grey, to distinguish it from the cultures of
the greyish-brown form. While it appears to be the same pathogenically as the
cultures of the greyish-brown 36, its uredinia are considerably paler in colour.
This variant may, perhaps, be considered as a mutation of the greyish-hrown
form 36, since it appeared in the first generation of uredinia from aeciospores
of that form. These aeciospores, in turn, arose from an infection of barberry by
teliospores of the original culture of the greyish-brown form 36, which appeared
in 1926, and has been mentioned in previous reports. ,

This light-grey-coloured culture of form 36 was found to differ from the

- greyish-hrown. or chocolate-coloured.form 36 in other resnects than eolour. Some
difficulty was experienced in maintaining this culture in the greenhouse, for,
although the infection type was characteristic of form 36, yet the infections
were fewer and the pustule development poor. For this reason a comparison
was made of the urediniospore germination of this form with those of the greyish-
brown forms 36 and 52. The following percentages of germination are the
averages of several tests:—
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Form Percentage germination
. 36 light-grey.. .. .. .. o oo o ol il oo o 18.5
36 greyish-brown.. .. .. .. .. .. . o0 oo oL L L. 49.5
52 greyish-brown.. .. .. .. .. ... o0 o0 L. L 85.1

From these figures it would appear that the explanation of the poor infec-
tions by the light-grey culturc of form 36 lies in the low germinability of its
urediniospores.

It would seem from these experiments that these abnormally coloured rust-

strains are of not uncommon occurrence in rust originating from the barberry.
They are, however, extremely rare in uredinial collections made on cereals and
grasses in the field. In the rust survey work for the four years 1925-28, only
two collections of rust were of this type, and one of these was directly traceable
to barberry.
- Co-operative Uniform Rust Nurseries
(Margaret Newton)

The co-operative uniform rust nurseries were continued as in previous
years. From tables 10 and 11 it will be seen, that twenty-five varieties of wheat
and eleven varieties of oats were tested for their relative resistance to stem rust
at twenty-two different stations. There is included in these tables the total
number of physiologic forms isolated at each station.

TasLE 10,—PERCENTAGE CF STEM RUST ON 25 VARIETIES 8? WaEAT Grlagz“s*n ¥ Unmrory Rust NURSERIES AT 22 STATIONS IN
ANADA IN

Porcentage infection of stem rust*
I
Wheat é =& & )
Varictios 8|, g S g k o g 8 P = '%D g
Salg |e 181880 o |8 1808 |2 8LF LG LG 21818 1R IE
oe . o e Jda LS Y S i .la‘ ] R P < H YR N
Ealdbd RS B CH EH Rl SR e o e e [ B EE R R ST
Seil8a| 57| 87| o |EC| 30| §O |58 | 22 (82w [T @ T u|sulg<d|g<la<d|g< Em oM
OMZ k20O MERIEIREPEIRRIIMEI |2IRRRBRBIEG @
Kubanka tr | tr| tr 0 0| Oftr|tr |50 |te|40|tr|[tc) O Oftr|[tcftr]| Of O} O 0
Kubanka tr{tr{tr| O| O| O tr |40 [ tr [ 30|t [tr | O) Oftr| Ofjtr| O O} O 0
Arnautka......225] tr | tr | tr 0f 0| Oftr]tr|[70| 5130 S5 [tc ] Oftr|tc| Ot | Of 0| O 0
*fumillo... 7l of of 0oy O] 0] Of O} O ofo0fO0}tof 0|0l 0] 0| 0| O] O O 0
Mindum. A7 te [ trfte| 0 O O tr |t |70 tr |25 [t |tr| Ot | tr|tr]|tr{ O] O O 0
tAcme........220] 0] 0] tr 0l 0] O 0] tr 0| 0 ¢r 0| Oftr| Q| tec | O O O 0
Axminster......%5| 5| tc|[tr | O O O| O | tr (65]25 (60|40 |10 | ¢tr | tr|¢r| O tr 0 0| 0 0
D.C. 8252..... 379t O Ofjtr| Of O Of O| O0]45130(20 (40|30 tr | ¢r | tr 0| 0| 0 0 0 0
{Ceres........ 127 tr Q| tr] Of 0| O] O] tr | 5520 55|60 | 40 tr | tr O gtr] 0] O O 0
Garnot... 15010 [ tr | 40 | tr [t [ txr| 6] 65| 75|65 |70|6G0 (70| tr]| 5 tritrftrf O] O 0
Huron. 5 tr| 5] 0]t | Of tr{. 60 | 60 |65 |40 tr| 5| tr|tr|....]e.fe] O 0
tr| tr| tr 0 0 0 0] tr [40 1125|2045 5 0 tr | tr 01 tr 0 0 0 0
itlo.. tr Of 0y 0] 0] 0f O] tr 5 5110 5 0ftr| tr] ol ojloj o] o 0
Marquis........ S84 tr | tr|trftr| O] Of tr 207550 (8 |40 (25| tr| 5 ]tr|{tr]tr| O O] O 0
Reliance...... 198 tr [ 65| tr | 0| tr 0] 011070 (50 )75)50 (385 |tr| S5{tc| Of{tc] O O] O 0
iMa.xKo..... 126/ tv | O tr | O| Of O © 45 [ 10 { 16°) 26 | tr | tr tr] Oftr| Of O} O 0
White Russian.40] 51 tr | tv! 0] O| 0| O tv [75 [45] 60| 40| 25 tryitef O te| Of O} O 0
Reward........ 79[ te] Ofte| Of Of O] Ot [70]50{70{50]|80]| tr S5|trltr| 0] O 0 0
Parker’s. DTt [ te |t | O] Of Of tr [ te | 05| 45165 {40 |10 [tr| txr|tr] O Of O] Of 0 0
Wobster, 365) 0 O 0] O) O O] Of Of[40| O tc}| & 0 0] O0|tr| O| O Of 0| O 0
FH-44-24......220 0 0| 0 Of Of 0] O tr Of10f 0| 0| Of 0] 0f 0] Of 0] O O 0O [1]
Little Club....223| 6| 65| te| O O 0| O tr |8 |65([65|/60 |85 |tc| 5| 5[tc|[tr]| O O] O 0
Khapli....... 216 tr (tr | tr | Of O] Of © 151 5|10 0} 0 0 O)J O] O] O] O] O 0
Vernal.......216] tr | tr | tr of 0] 0] 0] OjO]tr]| O} O] 0] O] 0] O] C] Ol O] O] © 0
Tinkorn....... ot ol ot o 0ol ol! 0l 0!itr trl 01 ot ot ol otololofloalo 0
isolated
11 21 (21|21 (21|21 1
34 36 |....| 36|23 !36][ 36
36 coe]ieeefeo | 36 ... 52
38

* The rust porcentages wore estimated by the scale devised by the Office of Cereal Crops and Discases, U.S.D.A.
T The pustules on those varieties wore consistently small,
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TasLe 11.—PERCENTAGE OF StEx Rusr on 11 Varieries or Oars Grown 1¥ Uxnmora Rust NURSERIES AT 22 STATIONS IN
CanaDA 1N 1928

Percentage infection of oat rust’
g
o S& N | s | .
Oat Varieties |3 | g 3 5 b E g § ) s | | "§) —:%
Saif le B |88ls 15 12 1908 | 180818 20802 5 |5
I E- N T ) Rz .8 B ¥ 1 Gl R = 3 Ao .
Se (£ Bl 8| 8\ 2 B B 2218 518 2159 24 O 84 4| B8 4\ B 4184 Aol Ho
2 57| 57| B | R | 88 85| 88| B3| 35| 521 (B [T | 5a [ 3|54 | 8| 5| 8| B[ 5
O M |2 w00 ME@MEEIW@@RMEI|:I IS |AKRKK R @ @ (@
Vietory.......... tr(tr[tr| O) O O Of O|40| 60| 30060 |45 | ¢tr|[80[10| 0| O|¢tr} O O 0
Minn, x White -
Russ........... 01 0] 0, 0] 0] 0 0120 ) tr | O| 5 |(tr| Oftr|tc| O O| Of O O 0
i . 01 01 0|1 0 O Of Oftr{tr Qitr|te| O|tr|te| O| O O| O O 0
trfteftr| O O O| Oftr|40|{40|T0{40|40|tr| 5|20| O 0| 0| 0] 0 0
0] o0)o0ojolOlOf|O]| O 0| Ojtcyte ] O O|tr] O O O Ol O 0
tr | tr | tr 0 0] tr]. tr [ 20]35) 10| 45 {30 | tr 5110 0 0 tr 0 0. 0
fMonarch Strain.y 0] 0| 0} 0] 0| Of Ooftr] Of Oftr|te] Of O] te|tc] 0] 0] 0 0] 0 0
White Russian....| {r 0 0 0 0 0 0] tr| tr 0f{ir|tr) tr| tr 0] tr 0 01 tr 0 0 0
Alaska........... O|tr|tr| O O O O tr|GO{ O[15].... [ I I DN PO DR
Joanette Strain.,.] O tr[tr| O 0} O Gitr] 6|t |tr|tr| 5| tr]| tr 51 0| 01 0] 0} 0 0
Gold Rain....... teltrPde ltrltrltrl O 5040025125 )1351 100 ¢rl25 150 0lteltr!) 0 0 0
Physiologic forms isolated
1 2 1 2 2 2 1 1 2 1 2 1 2 21,
° 21 2 5} 561 2| 61 5} 8 2} 2|51 2] &5 2 51,
5| 5 5. ... 31.. 2 PO 1 -
71.

Recactions of Wheat Varieties in, the Seedling Stage to Physiologic Forms
of Puccinia graminis Tritici.

(Margaret Newton, T. Johnson, and A. M. Brown)

In 1926 the writers undertook to test the rust resistance of a number of
wheat varicties and crosses to some of the physiologic forms of wheat stern
rust prevalent in Canada. In a previous publication they reported the reactions
of twenty-threc common wheat varieties and crosses, and six durum- wheat
varicties, to seven physiologic forms of Puccinia graminis Tritici Erikss. and -
Henn. This work has been extended to include a number of other varieties
and crosses. The rust reactions of these to twenty-two physiologic forms,
including the seven forms above mentioned, are diseussed in this report. On
the other hand, several of the less promising varieties tested in the earlier work
have heen dropped. Consequently, the present report includes all the informa-
tion presented in the earlier publication, exeepting the reactions of these few
varieties. ’

It should be pointed out that these reactions are the reactions of seedlings
only, and they may or may not be identical with the reactions of the mature
plants. The question of the relationship between seedling and mature plant
reactions has been discussed by several authors. They have concluded that
some wheat varicties may develop rust resistance, or increase their resistance
progressively, as they maturc. On the other hand, experimental evidence
obtained at the Rust Research Laboratory points to the fact that varietics
resistant in the secdling stage will normally remain resistant when mature.

A full report of these investigations was published in Scientific Agriculture,
Vol. IX, No. 10, June, 1929, :
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Nuclear Association in the Accium of Puccinia graminis Pers.
(W. F. Hanna)

It is well known that when the teliospores of the rusts germinate they give
rise to small hyaline spores, called sporidia, which are uninucleate. The germ
tubes put out by the sporidia are able to penetrate the leaves of their particular
host plants, and there develop mycelia which, under certain conditions, produce
chains of binucleate spores. This change from the uninucleate to the binucleate
condition is brought about in certain rusts by fusions of uninucleate cells in
pairs at the base of the young aecium, and in others by @ method known as
“nuclear migration.” In the latter process a nucleus passes through its cell
wall into a neighbouring cell and there becomes associated with another
nucleus. In view of the fact that Puccinia graminis, the fungus causing black
stem rust of cereals, had been shown to be heterothallic, it was a matter of
considerable interest and importance to discover the manner in which the
binuecleate condition arises in this species.

Sporidia of P. graminis were collected on clean glass slides by suspending
above the slides pieces of straw of Hordewm jubatwm bearing germinating
teliospores. When collected in this way the sporidia adhere to the surfaces of
the slides and may be taken through the fixing and staining process without
any further treatment. Preparations, fixed with Flemming’s weaker solution,
and stained in Heidenhain’s iron-alum haematoxylin, were examined micro-
scopically. Usually but one nucleus was present in each sporidium, but quite
frequently sporidia were found having a pair of nueclei, even before they had
begun to germinate. Presumably these sporidia were not originally binucleate,
but became so as a result of division by the single nuecleus of the gporidium in
preparation for germination. Sometimes when moisture had condensed on the
slides a few of the sporidia germinated and produced. secondary sporidia.
Although similar in shape to the primary sporidia, these secondary sporidia
were never seen to be discharged from their sterigmata.

Young barberry leaves were inoculated in the usual manner by suspending
germinating telial material above the plants. The pyenia which make their
appearance about 8 days after inoculation generally occur on the upper surface
of the leaf, but sometimes they are found on the lower surface as well (fig. 9).

F1e, 9—Transverse section through a barberry leaf. Pycnia
have developed on both surfaces of the leaf. x 130. (Photo-
micrograph by W. F. Hanna)

204374
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More rarely they have been found entirely embedded in the tissues of the leaf.
The stimulus of gravity seems to play little if any part in determining the
particular region of the leaf in which pyenia and aecia develop, since plants
inoculated on the lower surfaces of their leaves and kept inverted bore pyenia
on the upper epidermis and aececia on the lower epidermis in the usual manner.
It is probable, therefore, that these organs develop in response to stimuli from
particular regions of the leaf.

About 10 days after pycnia had appeared on the leaves of the inoculated
plants, a quantity of pyenial ncetar was collected and applied to all of those
pustules which seemed to have arisen from infections by single sporidia. Some
of the leaves having monosporidial pustules which had been treated in this way
were removed at once, and the portion of the leaf bearing the pustule was cut
out and fixed in Fleming’s solution. Other pustules were allowed to continue
their development for various lengths of time, ranging from 24 to 97 hours,
after the addition of the nectar, and were then cut out and fixed in the usual
way. All of the material was embedded in paraffin, sectioned, and stained in
safranin and aniline blue. o

Sections through pustules fixed immediately after the pyeniospore contain-
ing nectar had been added showed the presence of numerous haploid hyphae
ramifying through the intercellular spaces of the leat. The pyenia, which oceur
in considerable numbers on the upper surface of the leaf, produce quantities of
haploid pycniospores. Towards the lower surface of the leaf, usually between
the palisade and-the spongy parenchyma, were found ecrescent shaped wefts of
myecelium made up of haploid hyphac. The concave side of each weft faces
towards the lower epidermis and is filled with large thin-walled sterile cells.
The wefts of myecelium may be regarded as haploid rudiments of accial cups
which require some further stimulus in order to complete their development.

About 48 hours after the addition of pyeniospore-containing nectar to the
pustules, the nuclei at the hase of each hyphal welt hecome enlarged and stain
more deeply. Shortly afterwards binueleate cclls make their appearance here
and there throughout the weft (fig. 10). These binucleate cells have been found
to arise in a number of instances from fusions of pairs of uninucleate cells
(fig. 11). They elongate and form stalk cells, which cut off at their tips
binucleate aeciospore-mother-cells. Sections through pustules, fixed 65 hours
after the application of pycniospores, have been found to have young accial
cups with as many as four aeciospores in some of the chains. In one prepara-
tion a nucleus was found which appeared to be migrating through the cell wall
into a neighbouring cell. This process, however, is not considered to be the
usual method by which the binucleate condition is brought about in P. gramings.

In the early stages of accial development, large multinucleate cells arc
frequently found near the centre of the hyphal weft. As many as sixteen nuclei
have been counted in a single cell. Some of these cells arise from fusions of
pairs of cells, and it is probable that their multinueleate condition is the result
of a number of divisions in preparation for acciospore production (fig. 12).
Others appear to have been formed by the fusion of several cells. In the later
stages of accial formation, the multinucleate cells disappear, and are replaced
by binucleate stall cells which bear the aeciospore-mother-cells. Ocecasionally
two stalk cells have heen found to arise from a single cell at the base of an
aecium. If the multinucleate cells were to develop in a similar manner, cach
one producing two or more stalk cells, their many nuelei would soon be used
up in the process of aeciospore production.

The role which the pyceniospores play in bringing about accial development
is not yet fully understood. Attempts were made to germinate them on a
number of liquid and solid media, but without success. Germinated pyecnio-
spores were never observed in any of the microtome sections which were exam-
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aecium. x 2000.

F1e. 10—Transverse section through a young aecial

cup 17 days after the inoculation of the barberry
leaf and 57 hours after the addition of nectar
from other pustules. Binucleate cells are appear-
ing near the centre of the mycelial weft. x 450.
(Photomicrograph by Dr. A. Savage)

F16. 11—Fusion of two uninucleate cells near the base of a young

(Photomicrograph by W. F. Hanna)
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The Reactions of Wheat Varieties in Two Stages of Maturity to Sixteen
Physiologic Forms of Puccinia graminis Tritici™

(C. H. Goulden, Margaret Newton, A. M. Brown)

Certain varieties of wheat possess a type of resistance to stem rust which
is not exhibited in the seedling stage. This type is referred to as mature-plant
resistance, and has been shown in previous studies with two crosses to be inherited
independently of seedling resistance. .

Fourteen varieties of wheat were tested, in the seedling stage and in the
mature stage in the greenhouse, to sixteen physiologic forms of stem rust. It
was possible to divide the varicties into three groups on the basis of these tests.
(1) Varieties showing no evidence of mature plant resistance,—Garnet, Marquis,
Quality, and Khapli. (2) Varicties showing varying degrees of mature plant
resistance, from an indication to a very pronounced evidence,—Reward, Kota,
Marquille, Black Persian, Hope, H-44-24, Pentad, and Acme. (3) Varicties
showing no appreciable difference between the seedling and mature plant
reactions, but suspected of possessing the mature plant type of resistance in a
fairly high degree,—Vernal Emmer, and Iumillo. These varieties are highly
resistant in the seedling stage to most physiologic forms, and differentiation of
the reactions in the two stages is consequently very difficult or impossible.

The reactiong obtained in the mature plant stage with respect to size of
pustules and percentage of infeclion agree with any theory accounting for mature
plant resistance on the basis of the plants-possessing a mechanism, which prevents
the entrance of the rust organism.

Relation between Stem Rust Infection and the Yield of Wheat™
(C. H. Goulden and F. J. Greaney) -

Two experiments were conducted in which varying amounts of stem rust
were obtained cn plots of Marquis wheat by different treatments of sulphur
dust. Rust percentages and yields of individual plots were then correlated.

The first experiment consisted of 196 one four-hundredth-acre plots arranged
in a 14 x 14 Latin Square. The average percentage of rust was not very high,
but a correlation coefficient of —+4143 was obtalned between rust percentages
and yield. The odds of significance of this correlation ave considerably greater
than 100 to 1. By means of the regression equation, it was shown that each 10
per cent increase of rust brought about a reduction m vield of 1-97 bushels per
acre, or 6-8 per cent of the yield of the best yielding series.

In the second experiment there were 113 one two-hundredth-acre plots in
which the average percenbage of rust was somewhat higher than in the first
experiment. A correlation of —-6085 was obtained for yield and percentage of
rust. Ifach 10 per cent increase of rust reduced the yield by 3-83 bushels which
is 9-7 per cent of the yield of the highest vielding series.

In both cases regression was linear showing that the decrease in yield for a
given increase in the rust percentage is the same throughout the entire range of
infection.

Physiologic Forms of Qat Stem Rust
(W. L. Gordon)

The work dealing with the identification of the physiologic forms, in the
collections made during the summer of 1928, was carried on in the usual manner.
Oat stem rust appeared later in the season than in 1927, and did very little
damage to the crop.

* Co-operative study between the Cereal and Botany Divisious.
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Two hundred and six collections of oat stem rust were cultured in the
grecnhouse during 1928, The majority of the collections were made in Manitoba
and Saskatchewan. The number of collections obtained from each province is
shown in table 13, and the distribution by provinces of the physiologic forms
in table 14..

Tasie 13.—Numser or Covnrcrioxs or-P. graminis Pers. var Avenae Trixss. & HENN. MADE IN BACH
Province 1IN 1928

Number
Province of

cultures
Britdsh CoOlUmMDIA. . o\t ettt e et e e e e e e e e e 2
ALDCIE . . st e e e e e e e e .15
SaskalCRCWAIL. . oot e e e 70
BT U1 7o) 2 YA A . 86
10T 71 1o TR PP PP e 16
[T e 5
New Brunswick. ....o oo e . 3
B To N 2 e 1 £ W P 7
Prince Edward-Island............ I 2

TapLe 14.—Digrripution BY PRovincEs oF Prysiorocic Forms or P. graminis Avenae 18 1928

Provinces
- Total
Form British Sas-- New Prince | isola-~
Colum-| Alberta| katche-| Mani- | Ontariol Quebec | Bruns- | Nova |[Edward| tions
bia . wan toba wick | Scotia | Island
18 1 3 1 3 1 41
56 11 3 1 2 1 120
R DR N PSPPI (Y PR 1
) A PRV APV P PPN I 1
37 9 2 2 5 1 105
12 [T AN PRV (PP I 2
2 2 I DAV PRNPIPDIN PP ’ 5

As usual, forms 2 and 5 were far the most frequently isolated, but form 2
predominatéd. Form 1 was much more common than usual (table 15). '

Tante 15.—Coarrarison ofF 1928 IsonaTroNs wreil wriose or 1925-1927

Torm 1928 1925-27
isolations' | isolations
%o %
14-90 2-18
43-63 38:22
0:36 . 014
0-36 1-45
3818 5755
0-72 0-43
181 |.ovvvinnnnnn

Torm 3 appearcd again this year, but was not found in 1926 and 1927.
Forms 4 and 6 were rarely isolated (table 16). :
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Crown Rust of Oats in Canada

(B. Peturson)

Two phases of this problem were investigated in a preliminary way during

the past year, namely, () prevalence and distribution of physiologic forms, and

(b) testing of oat varieties for resistance under field conditions.

Collections of crown rust of oats (Puccinia coronata Corda) were secured
in 1928 from widely separated localities in Canada. The forms represented
by these collections were identified, as well as those in a few collections made
late in 1927. There were, in all, thirty-seven collections, and from them were
isolated eight distinct physiologic forms, five of which had not previously heen
identified. The number of times each form was isolated 1s given in table 19.

TABLE 19.—NUMBER oF IS0LATIONS OF BACH PHYSIoLoGIC ForM oF Puccinia coronale in 1928

Number Num ber
Torm of TForm of
isolations isolations
10 [ 7o e
1] 1
0 1
8 1
0 6
1 9

Determination of many more collections of crown rust must be made before
anything very definite can be said regarding the prevalence of the various
physiologic forms. The collections determined to date, however, indicate that
some of the forms are of common occwrrence, while others are apparently quite
rare. Table 19 indicates that forms 1, 4, 11, and 12 are fairly common. Of all
the forms identificd to date forms 1 and 4 are the most virulent. No variety.
tested thus far in the seedling stage was resistant to form 1, and only one variety,
Ruakura, to form 4. The other forms have a more linited range of hosts. The
more virulent forms appear to be most prevalent, forms 1 and 4 comprising 50
per cent of all the collections. '

As regards distribution, it is clear that at least some of the forms are by no
means localized. Each of the four most prevalent forms has been collected in
three provinces. The distribution of the forms identified is given in table 20.

Tasie 20.—DistriBuTioN BY PRoOVINCES or CouuncrioNs oF PHYsonogic Forns oF Puccinia coronale
in 1928

Physiologic forms

11218 14(5 (6771879 ,10(11]12

Province

Prince Edward Island.........cooviiiiini i, 1| AP VS U RS DRV PR DRSS AP PPN PR PN
NovaSeobi, ..o vttt

L morees -

0 i el
@ mboco. - -

Total number of jsolations................oooe.t ST O N BT DU B T T I T 9

Testing for varietal resistance to crown rust was begun in 1927, and con-
tinued in 1928. An artificially induced epidemic was initiated in the plots by
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the introduction of cultures of crown rust, when the plants were from 6 to 8
inches high. Forms 1 and 8 were employed as inoculum the first year and
forms 1, 4, and 8 the second year. The same varieties, 220 in all, were used each
year. Of these, 214 proved very. suseeptible in both years, the average severity
of infection for 1927 and 1928 being 45 per cent and 60 per cent respectively.
The percentages of infection of one representative, susceptible variety and of
all the varieties which showed resistance in either year are given in table 21.

TABLE 21.—PERCENTAGE SEVERITY OF INFECIION OF ONE SUSCEPTIBLE VARIETY AND OF ALL RESISTANT
Variemes Testep v 1927 anp 1928

Severity of infection
Variety
1927 1928
% %

SparTowW Bill. ..o 45 60
AVENE DICUIS . e vt e 40 15
AN SLETILIS MUGIQ. oo v oo e e e e e 10 70
Green Mountain C.I. 1802, .. .. o it e e 30 . 5
Green Russian Jowa 96) ... one. e 40 5
Ruakura Rust Proof C.1. 2025, ... cvrii et 10 40
Noir de Picardic..... . 15 5

Among the resistant varieties, only one, Noir de Picardie, was resistant
both years. The other resistant varieties were resistant the first year and
susceptible the next, or vice versa. Although more forms were used to initiate
the epidemic in 1928, a greater number of varieties proved resistant that year.
This, however, is what one would .expect when all the factors are considered.
In 1927 a heavy natural epidemic of crown rust developed in Manitoba,. while
in 1928 crown rust was relatively scarce. It seems, therefore, very probable
that in 1928 only those forms which were transferred from the greenhouse were
present in the plots; whereas, in 1927, several additional forms were very prob-
ably present. This circumstance would account for the more general suscept-
ibility of the varieties in this year. ’ ,

So far, under greenhouse conditions, no variety of oats in the seedling stage
has proved resistant to form 1. As this is the most common and widely dis-
tributed of all the known forms, the outlook for the production of varicties
resistant to erown rust is not very promising. - Until some variety possessing
resistance to this form is discovered, breeding for resistance to crown rust offers
little assurance of success. In order to explore further possibilities, varieties arc
being tested in the greenhouse and in the field in an endeavour to discover
varieties, that are resistant to this and the other more virulent forms.

It should be pointed out, however, that as the inoculum was introduced into
the plots when the plants were little beyond the seedling stage, a considerable
amount, of infection occurred while the plants were still quite immature, and,
consequently, the mature plant type of resistance, which is so marked in certain
wheat varieties, had small opportunity of being recognized. A comprehensive
series of tests is now in progress to discover to what extent, if any, oat varicties
possess this type of resistance. a

Physiologic Specialization. in the Dwarf Leaf Rust of - Barley,
Puccinia anomala Rostr.

(A. M. Browx)

In 1927, by the use of the varieties Gold and Odessa as differential hosts,
two physiologic forms of Puccinia anomala were isolated. The variety Gold
1s resistant to form 1, but it is susceptible to form 2, Odessa being susceptible
to both forms. '
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Tape 16.—Tur Prace anp Dare or CorueEction, Wrte FosTs UPON WHICH FOUND, oF NEW AND RARE
Prysilorocic ForMs Isonatep DURING 1928

Rust Date Physiologic|
survey . Place of collection collected form Host
number
69 [Ste. Agathe, Man....... ...t 10-8-28 4 |Avena sativa
108  |Guelph, Ont, ... coovvvii it v 17-8-28 7 |Banner 44
109  [Guelph, Ont. . 17-8-28 7 [Iowar
111 |Gaelph, Ont..... . 17-8-28 7 |0.A.C. 144
158  |St. Laurent, Man.......oooovuenn.. el 29-8-28 6 |A. sativa
160 |Inwood, Man.....ooviviriiiiiiiniiieaenen.. 29-8-28 6 |A. sativa
162 [Poplarfield, Man......o. i i, 31-8-28 7 |A. sativa,
185  |Winnipeg, Man.......ooiviiiiiiiininnnnn.. 7-9-28 3 |Richland
205  [Winnipeg, Man......coovviiiiiiiinnninns 5-9-28 7 |{Heigiva x Monarch
strain

Form 7 was isolated for the first time in Canada in 1928. This form was
reported first from Australia. The reaction of the differential hosts to it is shown
in table 14. If was present in collections from Ontario and Manitoba (table 16).
The presence of this physiologic form should not interfere with the present work
of breeding for rust resistance, as Heigira strain is resistant also to this form.

TasLe 17.—Reacrion oF DirrerExTIAL Hosts To Prysiorogic ForMms or Puccinie graminis Avenae

Richland,
White Heigira Joanette
TForm Russian strain, strain, Victory
Monarch | Strain 703
strain

3 2 1 4
3 2 4 4
4 2 1 4
4 4 1 4
3 2 X 4
4 4 4 4
4 2 4 4

Since 1925, four physiologic forms of oat stemn rust have been found in
Canada, which were not known previously to occur here. All are more virulent
than forms 1, 2, and 5, but are apparently quite rarve. It cannot, of course, be
foretold, whether or not any of these forms will become common and widespread
in the future.

Yellow Stripe Rust

(T. Johnson, Margaret Newton, and A. M. Brown)

The work on stripe rust, Puccinia glumarum (Schm.) Erikss. & Henn. for
the past year, has been limited to laboratory and greenhouse experiments on
certain phases of the stripe rust problem. Effort was concentrated mainly on .
determining the reactions of a large number of wheat varieties to this rust. The
question of the relation of spore germination to temperature was also given
some abtention.

As stated in previous reports, the distribution of stripe rust has been
restricted almost exclusively to the provinces of Alberta and British Columbia.
It is but rarely found extending as far east as the western boundary of
Saskatchewan. The spread of this parasite to the east is evidently not limited
by a lack of available hosts, for these are abundant in Manitoba and Saskatche-
wan as well as in Alberta. It seems likely, therefore, that climatic conditions,
in some way or other, determine its eastward distribution.
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It was thought desirable, in this connection, to investigate the conditions
that favoured or inhibited spore germination, especially with respect to temper-
ature. Hence a study was made of the germination of urediniospores at different
temperatures, with the object of determining the minimum, maximum, and
optimum temperatures for germination. The following percentages of germina-
tion were the means for a large number of trials— '

Temperature. .. . 2-3°C  5°C 7-10°C 15-17°C 20-22° C
Per cent germina-
tion........... 11-70  45-75 59-25 38-69 trace

Trom these results it appears that the optimum temperature for germination
is about 10° C., the minimum heing just above the freezing point of water, and
the maximum about 20° C. These temperatures are considerably lower than the
corresponding temperatures for the germination of the other cereal rusts.

Since this work was done, the epidemiology of stripe rust has been taken
over by the Dominion Laboratory at Edmonton, and hence the work on this
phase of the problem has been discontinued.

Another phase of the stripe rust problem, which has been investigated during
the past year, is the resistance of a considerable number of wheat varieties to
this rust. Torty-three varicties were tested, in the scedling stage, to a culture
of the rust obtained from Dr. Sanford in the fall of 1928, These werce classified
according to their reactions as susceptible, semi-resistant, and resistant. It
seems fortunate that the majority of these varieties, including many of those
commonly grown by farmers, arc either entirely resistant or semi-resistant, as is
shown in table 18.

TanLe 18.—ReacTioxs oF WHEAT VARIETIES IN TIE SEEDLING STAGE 1o YELLOW STRIPE RUST

Susceptible Semi-resistant Resistant
Chul Little Club Kota
Kanred Marquis ' Haynes Bluesiem
i Huron :
Mindum Parkers Power
Acme Quality Garnet
Reward Supreme Marquillo
Prelude Ruby Axminster
. Renfrew Arnautka
(Ceres Speltz Marz
M.D. 1656 Tumillo
Webster Pelissier
Alberta 222 D.C. 825-2
Otitawa 682 B Black Persian
Hope ) Vernal
H-44-24 : Khapli
I 99 (EI-44-24 x Marquis)
H 148 (II-44-24 x Marquis)
H 208 ( » 3 »
Sevier x Dicklow
Kubanka
Monad
Pentad
Einkorn

In addition to testing thesc seedlings, a few varietics were tested for their
rust reaction in a more advanced stage of growth. The trials were made when
the plants were heading out, or subsequently. This work was undertaken mainly
in order to ascertain whether the reactions of the seedlings were a reliable index
to the rust reactions of the mature plants. Two varicties, Reward and H-44-24,
have given fairly conclusive results. Reward, which is susceptible in the seeding
stage, is also susceptible in the more advanced stage. T-44-24, which is classed
as semi-resistant in the scedling stage, shows a high resistance in the mature
stage.




b9

This rust was not so plentiful in 1928 as it was the previous year, only three
collections being made. One of these came from Vietoria, B.C. This collection,
when cultured on the differential hosts used the previous year, was different
from the two forms already isolated. The variety Moroccan, as shown in table
23, was resistant to this form, but susceptible to forms 1 and 2, thus indicating
the presence of a third form. Two collections were made in Manitoba, one at
Lundar, and the other at Holland, which proved to be forms 1 and 2 (Table 24).
No collections were made in Saskatchewan in 1928,

An analytical key to the physiologic forms of Puccinia anomala, which
serves to identify the individual forms by the reaction of two differential hosts,
is given in table 22. TForm 3 produces a very weak infection on the variety
Moroccan, .while forms 1 and 2 infect it heavily. These latter forms, 1 and 2,
are differentiated from one another by their reactions on the variety Gold. Form
1 infects Gold very weakly, while to form 2 it is moderately susceptible.

Typrs or INrmcTion

0 Plants are immune, no uredinia are developed, but hypersensitive flecks
ocecur.

1 Plants are very resistant. Uredinia are very small, and surrounded by
sharp, hypersensitive, necrotic areas. :

2  Plants are moderately susceptible. The uredinia are small to medium in
size; hypersensitive areas are present in the form of necrotic halos, sur-
rounding green island, in the centre of which the uredinia are usually located.

3  Plants are susceptible. The uredinia are of medium size, sometimes coalesc-
ing. Necrosis and hypersensitiveness are absent, but chloritic areas may
surround the uredinia.

DEGREES OF INFECTION

(—) Uredinia are few and rust development poor,
(4) Infection above the normal of its type.

STupiEs IN SPore GERMINATION

Studies in spore germination were reported last year, and indicated the
optimum temperature for spore germination as being from 11° C to 17° C.
Studies were continued this year, each physiologic form being studied separately.
The germination tests were made in hanging drops of distilled water. The
optimum temperature for all three forms was identical. It will be seen from
table 25 that the optimum temperature lies between 11°C and 17° C, which is
somewhat lower than that of Puccinia graminis.

Tasig 22.—ANALYTICAL K1Y rorR IDENTIFICATION OF PHYSIoLoGIC ForMs oF Puccinia anomala

Infection homogeneous on all differential hosts.
Morocean susceptible

Gold resistant....... T e Torm 1
Gold moderately resistant........ccv it i i i Torm 2
M OroRCAN TESISEAIT. v ae st vt vt anresanersaissssnressinsonssnesessnensonsasnnn Form 3

TaRLE 23.—REAcTioN oF DiFrERENTIAL Hosts or Hordeum spr. To PrYsioroGIic ForRms oF Puccinia anomale

Gold Morocean Odessa
Phiysiologic forms
Range. l Mean Range l Moan Range | Mean
L e e e 1— to 2+ 1+ |3 to 3+ 3' 3 to 3+ 3
S PN 3— to 3 3— 13 to 3+ 3 3 to 3+ 3
O UR '3 to 3+ 3 1— to 2+ 1+ 3 to 3+ 3
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TaBLE 24 —DIS'I'PIBUTION or Prysrornocic Forums or Puccinia anomale ix WESTERN CANADA WITH A Rr*com)
r THEIR InrECTION CAPABILITIES

. . Character of infection on
Form Place of collection of rust Daite Host on which - dlﬂ'ercntlal hosts
collected
Gold | Moroecan] Odessa
1 [Winnipeg, Man... 7-10-27 |Hordeum spp 14 3 3
Lundar, Man................. 20- 8-28 “ U PSR PACIIDE DU,
2 |Birds Hill, Man.............. 24— 7-27 |Hordeum spp....... 3— 3 "3
Morden, Man................. 18- 8-27 “ B Y Y I
Brandon, Man................ 20~ 8-27 “Co [ P,
Indian Head, Sask.......... - 1- 9-27 “« U Y P DI
Indian Head, Sask........... 1- 9-27 e
Holland, Man................ 18- 8-28 L Y P D
3 |Victoria, B.C........ocooent 26— 5-28 |Hordeum spp....... 3 14 3

TaBLE 25 -——PEHCENTAGE GERMINATION OF UREDINIOSPORES orF Puccinia anomala A’I‘ SEVEN DIFFERENT

TEMPERATURES
Temperature 5 C. 11°C. | 14°C. | 15°C. | 17°C. | 20°C. | 28° C.
Number of spores counted................ 910 432 835 655 807 518 309
Number of spores germinated............ 66 201 650 521 | 685 334 85
Percentage of germination................ 72 41-7 77-8 | "80-4 849 645 . 27.5

The Influence on Yield and Grade of Harvesting Rusied Marquis Wheat at
Different Stages of Maturity ,

(F. J, Greaney)

In 1'ecent years considerable work has been done, in the United States and
in Canada, to determine what influence the cutting of rusted wheat at different
stages of matuuty has on the yicld and quality of the grain. In Western
Canada, the studies of Fraser, Bracken, Tllis, and Harrington have indicated
that, when rusted wheat is harvested before the normal time, there is a decided
reduction in yield and grade., However, the belief is still more or less prevalent
among growers that a badly rusted wheat crop may be harvested with the most
satisfactory results, before it- has reached full maturity. The importance of
the question in 1135 beaung on wheat production in western Canada secmed to

-justify a more thorough investigation.

Thus, in an cffort to obtain more definite information conccmlng the
problem, experiments were undertaken at the Dominion Rust Research
Laboratory, Winnipeg, Manitoba. In 1927, a study was made of the results
of harvesting Marquis wheat, leavily infected with stem and leaf rust, at
different stagés of maturity. With the same object in view, expeliments were
undertaken in 1928 and 1929. A summary of the results obtained in 1927,
1928, and 1929 is presented in this report.

The primary object of the investigation was to determine whether yields
and grades were significantly influenced by cutting a badly rusted wheat crop
before it was fully mature, and to discover if therc were any indications, as -
popularly claimed, that food materials .in the stem were translocated to the
kernels when such wheat was cured under normal harvest conditions, ‘

In 1927, 1928, and 1929, very satisfactory conditions were obtained .in
Manitoba for the purpose of the studies. A very severe natural epidemic ¢f
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leaf and stem rust occurred in 1927. In 1928 and again in 1929, late-sown
Marquis wheat was subjected to a severe infestation of stem rust, with the
result that yields and grades of normally matured Marquis wheat were seriously
reduced by rust.

In 1927, under conditions of a severe natural epidemic of leaf and of stem
rust, Marquis wheat was harvested 18, 12, and 6 days before, and also at,
maturity, in the districts of Morden, Thornhill, Graysville, and Winnipeg. At
Winnipeg in 1928, a diseased crop was cut at the following stages: 12, 9, 6,
and 3 days before, and again at, maturity. In 1929, under an artificially
induced epidemic of stem rust, representative samples of wheat yere cut at
intervals of two days, beginning on August 7, and ending at maturity, August
21. In each year, the yield data were studied statistically. The yields obtained
from the various cuttings were compared, and the significance of the yield
differences were determined. Weight per bushel, 1,000-kernel weight, per-
centage of green and shrunken kernels, and grade, were determined for each
date of cutting.

EXPERIMENTAL RESULTS

In 1927, 1928, and 1929, cutting rusted wheat before it was fully mature
significantly reduced the yield. Grain quality, as indicated by weight per
bushel and 1,000-kernal weight, was markedly improved when the plants were
permitted to mature before harvesting; while the percentages of green and
shrunken kernels were reduced. In 1927 and 1929 particularly, stem rust
developed rapidly, and its destructiveness increased as the wheat approached
maturity. Under these conditions, yield and quality of wheat harvested
prematurely were significantly less than the yield and quality of the more
heavily rusted wheat harvested at the normal time.

The results of harvesting Marquis wheat, at different stages of maturity
at Winnipeg in 1927, 1928, and 1929, are summarized in table 26. From a study
of the data of this table, it is apparent that, under severe rust epidemic con-
ditions, the yield and quality of the grain improves as the crop becomes pro-
gressively more mature. The failure of rusted wheat, cut at very early stages
of maturity, to approach that cut at later stages in respect to yield per acre,
weight per bushel, and grade, indicates that little or no filling of the grain
occurred after cutting.

Harvesting wheat early, to avoid hail, frost, and insect injury, is a justifi-
able practice, but, from the results of this investigation, it would seem that
there is nothing to recommend the practice of cutting wheat early to avoid
damage from rust. In 1929, a difference of tivo days between times of cutting
caused a significant difference in yield.

The opinion, that rusted wheat should be cut on the “ green-side ”’ to avoid
maximum injury from rust, has not been supported by the results of these
investigations. The results obtained in 1927, 1928, and 1929 distinctly show
that, in order to secure the largest yield and best quality of grain, rusted
wheat should be harvested when the majority of the kernels are in the hard
dough condition, -
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Salt Applications for the Prevention of Siem Rust of Wheat

(F. J. Greaney)

In order to test the value of applying common salt (NaCl) in various
quantities and at different times to the soil for the control of rust, use was
made of small blocks of Marquis and Garnet wheat. In each block, 15 one
four-hundredth acre plots were used, in which three treatments were arranged
in the same order in five replicated series. Applications of salt were made
by hand. The Marquis plots were treated on June 13 when the plants were
about 4 inches tall, and the first applications to Garnet plots were made on
July 1. The various treatments were as given in table 27.

TasLe 27.—Merobs oF TREATING PrLots oF WHEAT WITH SALT IN ORDER T0 DETERMINE ITS EFFECTIVE-
NESS IN CoNrROLUING Ruse

Variety Marquis Garnet
Treatment No....ovven i inennon. 1 2 3 1 2 3
Amount of salt per acre in pounds....... 500 1,000 0 100 100 0
Check Check
Date applications wore made........... June 13 | June 13 {.......... July 1 July 1|..........
July 20

From a study of the data in table 28, it is evident that salt did not reduce
the amount of stem rust, and that yield was not influenced by any of the
treatments. It is questionable whether the early ripening effect is sufficiently
important in reducing infection to recommend the use of salt applications for
the control of rust,

TABLE 28.—RESULTS OF TREATING PLOTS OF- MARQUIS AND GARNET WHEAT WITH SALT IN EXPERIMENTS TO
DererMINE 178 ErrecriveENEss IN ConTROLLING STEM Rust Ar WinNieeg 1N 1929

Mean results of 5 plots
N Amount Date Per cent of stem
Variety Tle%}:glent of salt of rust severity at Yield
* per acre | application harvest bushels Grade
per acre
Range | Average
Ib. % % bush.
Garnet,......... ’ 1 100 | July 1..... 10--35 20 26-4 |No. 2 Northorn.
2 100 | July 1, 20..] 15-30 20 25-6 [No. 2 Northern,
3 | Cheek.....[............ 15-35 20 24.9 |No. 2 Northern.
Marquis......... 1 500 | June 13....| 25-65 50 22-8 |No. 2 Northern.
2 1,000 | June 13....| 30-65 50 21-9 [No. 2 Northern,
3 [ Cheek.....|............ 30-60 50 . 22-2 [No. 2 Northern.

Sulphnr Dusting for the Prevention of Cereal Rusts
(F. J. Greaney)

Experiments in the control of cereal rusts by sulphur dust have been carried
on by the Dominion Rust Research Laboratory since 1925. In 1929 they were
-carried out on a more adequate scale than in previous years. In an effort to
- study some of the factors influencing the effectiveness of -treatments, approx-
imately 600 small plots of Marquis wheat were used at Winnipeg, Manitoba.

Il
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Txtensive field dusting trials were made on farms at Graysville and Homewood;
and, to devise an effieient dusting sehedule for the eontrol of wheat stem rust,
eo-operative experiments were earried on between the Dominion Experimental
- Farms at Brandon and Morden, and the Dominion Rust Researeh Laboratory.
Thus, in Manitoba, five ground-dusting maehines were used in large field tests.

Co-operative aeroplane experiments between the Department of Civil Air
Operations and the Department of ‘Agrieulture were designed also, to study the
praetieability of using the aeroplane for dusting large aereages of wheat. At
Maedonald, Man.; an area eomprising approximately 600 aeres of summer-
fallow Marquis wheat was seleeted for the aeroplane trials. Unfortunately, the
aeroplane duster was seriously damaged alter eompleting the first dusting fights,
and the proposed 1929 experiments had to be abandoned.

A

WINNIPEG SMALL PLOT DXPDRIM]uNTS

These expenments were designed to determine the effeet of various mteb
and frequeneies of dusting, the time to begin dusting, the most effieient brands
of sulphur dust, the effeetiveness of different methods of applieations, intervals
between dustings, and the fungieidal eflieieney of oxidized sulphur dusts.

In previous studies, eonsiderable difficulty had been experieneed in deter-
mining the signifieanee of small yield differenees swhieh were obtained when the
various diist treatments were eompared. In field plot experiments it is extremely
important to reduee the error-due to soil heterogeneity, and to study the -yield
data statistieally. Small plot dusting experiments, eondueted in 1925, 1926,
1927, and 1928, have emphaalzed the importanee of using better expenmental
teehmque

Thus, in 1929, the experitnents were so arranged that the yield data from
various dust tleatments could be analyzed, and the signifieanee of the yield
results determined. In eaeh experiment the plots of Marquis wheat were arranged
at random in the form of a Latin Square, and the yield -data -were ptudied
statistieally. This plan of plot arrangement is ideal for dusting tests, and, where
five to ten treatments are to be compared, there is no other plan to eompare with
it in preeision. The methods and advantages of arranging plots in a Latin
Square have been fully diseussed by Tisher (Statistieal Methods for Reseaveh
Workers, 1925). ;

At Winnipeg, the experiments were earried out on a bloek of land sown
to Marquis wheat on May 19, and later divided into one two-hundredth and one
four-hundredth aere plots. The plots were reetangular in shape, four feet wide,
and were partieularly adapted for hand-dusting and harvesting opelatlons To
prevent dust- dnftlng, buffer strips were left between the plots.

In order to insure a suflicient amount of stem rust in the experimental plots,
“an artifieially indueed epidemie of stem rust was seeured by transplanting, at
ten foot intervals, haligrown wheat plants from the greenhouse whieh had been
previously heavily infeeted with rust. Although the sptead and development
of the disease from the various infection eentres was slow during the early part
- of July, pustules of stem rust eould be found on every undusted plant in the
field by July 20, and from that time the disease spread rapidly.

The wheat was sown on May 19; the plants headed on July 6, and blossomed
on July 17. Dusting operations were eommeneed on July 9, when a light traee
of stem rust was found. At this time, leaf rust was fairly eommon, most of the
plants showing from 5 to 20 per eent. Owing to the exeessive drought, however,
the lower leaves of the plants shrivelled early and died, and the amount
of leaf rust was diffieult to estimate. It was not, however, a serious faetor
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in 1929. Final rust data were obtained on August 17. The percentage of
stem rust infection was determined by Mr. T. Johnson and Mr. B. Petourson.
The range of rust infection on stem and leaves of Marquis wheat at Winnipeg,
in 1929, are shown in figures 13 and 14. The effect of rust control on the size
and plumpness of heads of Marquis wheat is shown in figure 15.

Fig. 13.—Stems of Marquis wheat grown at Winnipeg, 1929, showing
the range of stem rust infection in the sulphur dusting plots. Left
to right, clean trace, 20 per cent, 40 per cent, 80 per cent.

F16. 14—Leaves of Marquis wheat grown at Winnipeg, 1929, showing
different amounts of leaf rust in the sulphur dusting plots. Left
to right, trace, 20 per cent, 45 per cent.

20437—5
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F16. 15—Heads of Marquis wheat grown at Winnipeg,
1929. Right, heads of plants dusted bi-weekly at
the rate of 30 pounds per acre. Left, heads of
which were not dusted.

The wheat was harvested on August 21. Yield data were obtained by
harvesting and threshing each plot separately. The weight per bushel and grade
of each replicated series in each experiment were obtained by submitting random
samples of the threshed grain to the Dominion Grain Inspection Laboratory at
Winnipeg, Manitoba.

TasLe 29.—DirrerENT METHODS OF TREATING PLOTS OF MARQUIS WHEAT WITH SULPHUR AT THE WEEKLY
RaTE oF 30-POUNDS PER APPLICATION PER ACRE FOR THE CoNTROL oF RUST IN A 5 x 5 LATIN SQUARE, TO
DeTerRMINE THE INFLUENCE oF THE TIME AT WHICH DUSTING 18 COMMENCED ON THE CONTROL ACHIEVED

Severity
Date of stem Total
Treatment symbol dusting rust when | number of
commenced| dusting dustings
commenced
%
Ll TR SR TR o ROt |« 4 E July 10....| trace 6
B e s Ve Ta T TR o huia g Baih w5 o d e v e AR K% o' July 17... .| tr-5 5
R R R e RO Rt S0 N July 23....| 10-20 4
LT TR R A RN N e AR - 3 W iy July 31....| 25-40 3
L T RO R e R i S S £ 2 e non-dusted |............ 0
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TasLE 30.—ANALYSIS OF THE YIELD OF PLoTs IN A LATIN SQUARE sEHOWING THE METHOD BY WHICH THE

STANDARD DEVIATION WAS CALCULATED IN AN EXPERIMENT TO DETERMINE THE INFLUENCE OF THE
TraE AT waicH DusmiNg 18 CoMMENCED oN Stem Rust CoNTRoL AT WINNIPEG, 18 1029

— — Sums of
_ TOWS
A 275 B 29.7 C 2049 D 21-5 E 23.1 122.7
D 20-6 B 20-2 B 27.5 C 29-2 A 28.9 126-4
LA 24-3 C 17-3 E 22.5 A 209 D 17-6 102:6
C 27.5 D 19.8 A 35-8 E 17-3 B 30.5 130-9
E 17-7 A 272 D 239 B 30-4 C 28-5 1277
Sums of columns............ 117-6 114-2 130-6 119-3 128-6 610-3
General Mean 610-3 + 25 = 24.4
Varimlcé due to Degrees of | Sums of . Standard
. freedom squares | - Variance deviation
4 102-085 |....
4 41.326 |
4| 399-250
12 159-284
o4 631054 ||, .
Standard deviation of experiment. ......o..viii i e fee.. = 3.6437
Probable error of experiment 8-6436 x 0-6745. ... ...uii it = 2-4576
Probable error in per cent of general menn
2-4576 x 100
—_— =10-0721
24 -4
Probable error in per cent of ecacli treatment
10.0721
= 4.5045
/5

Tasie 31.—REsvrts of Dustivg MArqQuis WEEAT WITH SULPEUR. IrrEctor tes TiMe At waICHE DUSTING
15 COMMBNCED ON THE AMOUNT oF StEM Rust INrEcrion, oN THE YIELD, WEIGHT PER BUSHEL, AND-

GRADE
Date of dust application Moean results of 5 plots in a Latin Square
Treatment . Total Percentage of
symbol number of severity Yield Weight
July August | dustings per acre per Grade,
. Range |Average bushel
% % bush. 1b.

A 10, 17, 24, 31 6, 13 6 15-25 21 28:141-3 645 {No. 2 Northern.
Bovieranonn 17, 24, 31 6, 13 5| 20-40 29 28-5+1-3 60-0 {No. 2 Northern.
Cooilevann 24, 31 6, 13 4 2545 37 247411 63:0 |No. 3 Northern.
Dioveivnnnnn 31 6,13 3| 35-65 51 20.7+0-9 61-5 |No. 3 Northern.
B Clieck Check . 0| 50-70 60 20:1+0-9 60:0 {No. 3 Northern.

Experimental Results

In order to study the effectiveness of various rates and frequencies of
dusting, 196 one four-hundredth acre plots of Marquis wheat were arranged in
the form of a 14 x 14 Latin Square, in which thirteen different treatments were

used, the fourteenth being the check which was left undusted.
2043753
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. The rates of application were 45, 30, and 15 pounds per acre, and the
intervals between dustings, 14, 7, 4, and 2 days. Applications of 15 pounds at
any one of these intervals were as effectlve as were those of 30 or 45 pounds at
the same interval. The most satisfactory interval was seven days. A com-
parison of the yield results shows that dustings at this interval were just as
effective as were those of 30 or 45 pounds at the same interval. The most satis-
factory interval was seven days. A comparison of the yield results shows that
dustings at this interval were just as effective as were those at the shorter
intervals of 4 and 2 days. It would seem that, in a very dry season like 1929,
weekly applications of sulphur dust at the 1ate of 15 pounds per acre are
sufficient to control rust.

To determine how late dusting could be begun and yet be effective in con-
trolling rust, an experiment was planned in which dusting was commenced at
four dlfferent stages in the development of the stem rust epidemic. The date
at which initial applications were made, the amount of stem rust present when
dusting was commenced, and the total number of dustings given to plots of
Marquis wheat ,arranged in a 5 by 5 Latin square are presented in table 29,
The arrangement of plots, individual plot yield in bushels per acre, and the
analysis of the yield data showing the method by which the standard deviation
of the experiment was calculated are given in table 80. The effect of dusting
on the percentage of rust at harvest, and on yield and grade, is given in table
31. A summary of comparisons between the mean yields of the various treat-
ments is presented in table 32, The difference in yield between the treatments
compared, divided by the probable error of that difference, was used to determine
the mathematical significance of the results on a probable error basis. In this
study three times the probable error of the differences is arbitrarily chosen as
a significant yield result.

TABLE 32 —~SUMMARY oF COMPARISONS BETWEEN TIE MEAN YIELDS OF PLOTS OF Marquis WHEAT IN AN

LEXPERIMENT T0 DETERMINE TiB INFLUBNCE oF TIME AT WHICH DUSTING 1S CoMMENCED oN THB CON-
TROL OF STEM RUST

: D1ffelence Diff.
Treatments Yields in bushels per acre and probable errors compared in yield -
compared in bushels | probable
. per acre error
A—DB 28:1 £ 1:3 — 28:5 4 1-8. ... et 04 ...,
A—-C 281 £ 13 — 24.7 & 11, . i 34
A—-D 28-1 + 1:3 — 20:7 &+ 0:9. ..o 7-4
A—-E 28:1 £ 1:3 — 20-1 £ 0-9. ... . 8-0 ]
B —~C 985 + 1.8 — 247 & Leloooioiiiiiiniiiiinn... . 3-8
B-D 28:5 4+ 1:3 — 20-7 & 09,0 e 7:8
B-E 28:5 4+ 13 — 20-1 & 0-9... ... . e 8-4
C—-D 24:7 £ 101 — 20:7 £ 09, ..o e 4.0
S C—E T 247 £ 11— 2001 £ 09, 4.6
D —-E 20:7 4+ 0:9 — 20:1 4 09, ...t e e 0-6

=1 Lo [0 ) [ )
wlahol okl wor

Under the conditions of the experiment, dusting as early as July 10 did not
give better results than when dusting was started on July 17, but, when the
dusting was delayed until July 24, considerable rust damage resulted although
the data in table 32 show that thele was a significant yield dlfference above
that of the check. When the wheat was not dusted until July 31, subsequent
applications of sulphur failed to reduce effectively the amount of stem rust
infection, and the resulting yield was not 51gn1ﬁcantly better than the yield of
the untreated check plots.
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In e\pelnnents to determine the relative influence on rust éontrol of apply-
ing Kolodust just before and immediately after rain, some very striking results
were obtained. Although the standard treatment (six 80-pound per acre dust-
ings) reduced the amount of stem rust infection from 72 to 41 per cent, and
increasecd the yield 16-7 bushels per acre, equally favourable results were
obtained by one of the treatments in which three dustings were made in relation
to weather conditions. In this case, three 30-pound dust applications made,
immediately following light rain showers on July 10, 20, and 31, gave effective
stem rust control, and increased the yield 16-4 bushels per acre, When the mean
vield of plots dusted just before and those dusted after rain were compared, it
was found that the difference of 9 bushels per acre was a 51gn1ﬁcant one. The
odds in favour of the after-rain treatments were 415:1.

Weekly applications of Kolodust were made, in which the series of plots
were dusted in the ordinary way, the dust being forcibly applied to the growing
plants. Another series of plots were treated in such a way that the dust was
allowed to drift and settle over the plants. From a study of the yield data it
was apparent that both treatments gave effective rust control. The dusting
method gave an increased yield over the check of 16-7 bushels per acre, as com-
pared with 12-4 bushels for the drifting method. When the two methods were
themselves compared, it was found that stem rust was more satisfactorily con-
trolled by forcibly applying the dust to the wheat plants. In this instance the
mean yield of the dusted plots was 39-3—1-59 bushels as compared with 35-2—
1-43 for the dlifting treatment. It is apparent from the results that the efficiency
of the fungicide is reduced when the finely divided dust is allowed to drift across
the standing crop.

In another experiment, Marquis wheat crops were used to study the com-
parative effectiveness of different brands of sulphur dusts. Six different dusts
were tested on a block of wheat in which 49 one two-hundredth acre plots were
arranged in a Latin square. The seventh treatment was the undusted check.
Dusting was commenced on July 10, and continued at seven-day intervals until
August 14. The dusts were applied at the rate of 830 pounds per application per
acre.

The effects of dusting on the amount of stem rust at hal‘vest_ time and on
the yield are given in table 33. Trom a study of the data, it is evident that
Kolodust, Koppers lime dust, Electric sulphur, Sulfodust, and Koppers dust gave
c\ceptlonally good rust contlol The results show that yields were increased
to a significant degree, and the grade improved from No. 4 to No. 1 Northern
by treating with these dusts. In the field test, Gas Dust was not effective.  Com-
parisons between the mean yields of the variously treated plots are arranged in

table 34, Kolodust gave the most effective rust control. Five 30-pound weekly
dustings with Kolodust reduced the amount of stem rust infection at harvest
time from 71 to 39 per cent, and increased the yield 9-7 bushels per acre.

The purpose of another test was to test the effect upon rust of oxidized
sulphur dusts. In this test one series of plots was dusted with Kolodust, another
with Iolodust to which 2 per cent of finely ground potassium permanganate
had been added, and a third series with 5 per cent permanganate in Kolodust.
Another series of plots was treated with a preparatory oxidized sulphur dust.
All of the dusts gave efficient rust control. However, when the effects of the
various dusts were. compared, it was found that none of the oxidized sulphur
dusts were as effective as the Kolodust. The 1929 field results do not favour
the use of oxidized sulphur dust for the control of rust.
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TapLg 33.~RESULTS oF DusTING MArRQuUis WureAr witiH Six DIFFerRENT BrANDS oF SULPHIUR DuUst, AT
r11E RATE oF 30 PounDs PER ACRE, AT 7-DAY INTERVALS FrROM JULY 10 70 AUuGcusT 14, IN LATE-SOWN
PLoTs ARRANGED IN A 7 x 7 LATIN SQUARE, AT WINNIPEG, IN 1929

Total Per cent stem | Weight :
Treatment Kind of dust | number of | rust severity per Grade Yield
symbol dustings bushel per acre
Range jAverage
% % lb. bush.
Aol Kolodust........... 5 15-55 39-2 63-5 [No. 1 Northern| 344 + 1-1
Booooooe Koppers dust....... 5 45-65 55-7 62 |No. 1 Northern| 29-3  0-9
Covevvvnvnnn Electric sulphur..... 5 30-65 517 62 {No. 1 Northern| 31.7 + 1.0
D.vvrvnnnn. Koppers 30% lime...| " 5 35—65 55.7 62 [No. 1 Northern| 32:6 + 1-0
Eooooooooon. Gas dust............ 5 40-75 65-0 60-5 |No. 2 Northern| 26-83 + 0:8
T, Sulfodust........... 5 30-65 50-7 63 (No. 1 Northern| 31-8 + 1-0
G...........|Check........... ...} non-dusted | 50-80 70-7 56-5 |No. 4 Northern| 24.7 + 0:8

TABLE 34 —SUMMARY oF COMPARISONS BETWEEN THE MEAN YIELDS oF MARQUIS WHEAT PrLors, TREIATED
WITH DIFFERENT BRANDS OF SULPHUR DusT roRr THE CONTROL OF RUST AT WINNIPEG, IN 1920

Yields in bushels per acre Yield Diff. +
Treatments compared and probable errors difference | probable
- compared in bushels error
Kolodust—Cheek. .o v o iiiiii e iecianans 344 + 1-1 — 24.7 + 0-8 9-7 75
Koppers Time—Check 32:6 + 1-0 — 24.7 + 08 79 6-2
Sulfodust—Check.......ooovveniann... 31-8 & 1.0 — 24.7 + 0-8 71 57
Eleetric—Check.....covvviiiin i 31-7 £ 1.0 — 24:7 + 0-8 7-0 5-6
Toppers—Cheek.......ooovuvnnnin... 29-3 + 0-9-— 24-7 + 0-8 4.6 39
Gas Dust—Cheek.......covviiveeeiininnenennn,, 263 + 0-8 — 24-7 + 0-8 1.6 1.4
TKolodust—IJ oppers. ..oovviie i criiieinaeas 344 4 1.1 — 293 + 09 5.1 3.7
Kolodust—Electric........c..ovn... 344 + 1.1 — 317 & 1-0 2.7 1.9
Kolodust—Koppers Lime........ 344 + 1.1 — 326 + 1.0 1.8 1-2
Kolodust—Gas Dust............ e 34-4 4+ 1.1 — 26:3 + 0-8 81 6.1
Kolodust—Sulfodust, ......oovvrirvunnnn.. e 344 + 1.1 — 31-8 + 1-0 2-6 1:8
Koppers Lime—IS0ppers. covvverr e innecnieneenns 32:6 + 1-0 — 293 + 09 33 2-4
Toppers Lime—Electric....... 32:6 4+ 1-0 — 31-7 + 1.0 0-9 0:6
Koppers Lime—Sulfodust 326 + 1-0 — 31.8 + 1.0 0-8 05
Koppers Lime—Gas Dust 32:6 + 1. 0 — 26:3 + 0-8 6-3 4-9°
Sulfodust—Electric............. e 31-8 + 1-0 — 317 + 1.0 0-1 0-1
Sulfodust—Xoppers............. 31-8 + 1-0 — 293 + 09 2-5 1.1
Sulfodust—Gas Dust 31-8 + 10 — 26-3 + 0-8 55 4-4
Electrie—I oppers. coove e e 31-7 £ 1.0 — 29-3 + 0-9 2-4 1.8
Electric—Gas Dust........ e e, 317 + 1.0 — 263 + 0-8 . b4 4-3
Koppers—Gas Dust.......covvviinivninnnnns, 29:3 £ 09 — 26-3 £ 08 - 30 25

Dusting with Si/lphur for the Control of Leaf and Stem Rust of Oats'

To test the value of sulphur dusting for the control of oat stem rust,
Puccinia graminis Avenao, and the erown rust of oats, Puccinia coronata, an
experiment was planned in which 100 one four-hundredth acre plots of Vietory
oats were arranged in a 10 by 10 Latin Square. Nine treatments were used to
determine the least number of dustings and the most satisfactory rate of appli-
cation for the most effective rust control, the tenth treatment being the undusted
chock. _

Dusting was begun on July 15 and continued until August 10. Kolodust
was applied by means of a hand-duster. The rates of application were 15, 30,
and 45 pounds per acre, and the intervals hetween dustings, 2, 4, and 7 days.

Owing to the light rust infection conclusive results regarding the best rate
and interval of application were not obtained. The data from two of the
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treated replicated series and from the untreated check plot are given in table 35.
Rust was controlled perfectly by semi-weekly applications of Kolodust at the
rate of 45 pounds per acre. The yield increase was 6+1 bushels per acre. The
30-pound applications at 7-day intervals gave just as effective control. Sulphur
dust will apparently control rusts of oats just as well as of wheat.

B
FIELD DUSTING EXPERIMENTS

Experiments to detemine the practical value of dusting large fields of
wheat with sulphur for the control of rust were continued in 1929. In two
extensive field-dusting trials, ground-custing machines were used by Mr, A.
Murray, Graysville, Man., and by Mr. F. Froebe, Homewood, Man. In addi-
tion, to devise an effective and practical field dusting schedule for the control
of wheat stem rust, co-operative experiments were undertaken between the
Dominion Experimental Farms at Morden and Brandon and the Dominion
Rust Research Laboratory.

TABLE 85.—~RESULTS oF DUSTING VIcrorRY OATs WITH SULPHUR AT WINNIPEG, MANITOBA, IN 1929

Date dusted Percentage Average results of
Amount of dust infection of 10 plots
per application stem rust - -
per acre July August Weight Yield
Leafl | Stem per bushel | per acre
. % % 1b. bush.
30 poundiS. .vvevrrninnn.t 15, 22, 29 5 trace tr-5 375 ’ 64:6
45 pounds.....ooienin. 15, 19, 22, 26, 29 2,5,9 « trace 37-5 65-1
Check....ovvvevenen.n non-dusted =~ [ .......l.n 5 15 37-0 59-0

Grateful acknowledgment is made to Mr. Murray and Mr. Froebe and to
the Experimental Farm Superintendents at Morden and Brandon for their
valuable and generous co-operation in carrying on the field experiments.
Appreciation is also expressed to the Niagara Sprayer and Chemical Company
of Middleport, N.Y., for the loan of four dusting machines, and to the Cock-
shutt Plow Co., of Winnipeg, Man., for the loan of the power-dusting machine
of the Shunk Manufacturing Co., Bucyrus, Ohio.

Graysville and Homewood Feld Trials

At Graysville the trial was carried out on the farm of Mr. Alex. Murray.
Six acres of late-sown Marquis wheat were used, in which five acres were
dusted five times at the rate of 30 pounds of Kolodust per application per acre,
and one acre remained untreated as a check. The first dusting was made on
July 12, at which time only about 65 per cent of the plants were headed out,

.and stem rust could only be found after a thorough search. On July 12, about

90 per cent of the plants were infected with a degree of leaf rust infection
ranging from 10 to 20 per cent. After July 12, 30-pound applications of dust
were made ab weekly intervals until August 5.

By August 5, a moderately heavy infection of stem rust was present in the
untreated portion of the field, and leaf rust was very abundant. Owing to the
unusual drought experienced in the 1929 season the crop ripened early. - The
drought also served to check the development of a heavy stem rust epidemic.
The wheat appeared sufficiently mature by August 5, so that further dust
applications seemed unnecessary. Following this date, however, stem rust
developed with remarkable rapidity on the undusted areas, so that at harvest
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time a heavy infection was found. Considerable rust developed also on the
dusted portion. An additional application of dust would have afforded more
protection to this area, and would undoubtedly have given better rust control.

The dust was applied by means of the Niagara tractor power-duster with
an attached boom dust distributor (fig. 16). The machine proved extremely
satisfactory in eliminating serious mechanical injury to the standing crop, and
it effectively dusted a swath 25 feet wide.

At Homewood, a 45-acre field of summer-fallow Marquis wheat was used
for the dusting trial. Early plant growth was uniform, and a very fine stand
of wheat resulted. The field was one-half mile long and was divided into a
15-acre and a 30-acre section. On July 12 the 30-acre section was dusted with
Sulfodust at the rate of 30 pounds per application per acre. Thereafter, dust-
ings were made at 7-day intervals until August 10. Fifteen acres were left
untreated as a check.

Fre. 16 —Niagara tractor power-duster with an attached boom dust dis-
tributor. This machine can effectively dust a swath 25 feet wide.

On July 12, only a trace of stem rust was present in the field, but leaf rust
was fairly abundant. Stem rust did not become prevalent until about July 30;
but, by August 5, a heavy infection of both stem and leaf rusts were found in
the undusted crop. At harvest an average of 65 per cent of stem rust was
present in the undusted portion of the field.

In the Homewood trial, the “ Shunk” power duster was used (fig. 17).
Dusting was done either in the early morning or late evening, when air condi-
tions were most favourable for effective dust distribution. Under such condi-
tions the machine seemed quite capable of dusting a swath 100 feet wide.
With conditions favourable for dusting, at least 50 acres an hour could be
treated with this machine.

Final rust data were taken on August 15 at Graysville, and at Homewood
on August 18. Yield results were obtained by harvesting twenty rod-rows from
the dusted and undusted portions of the Graysville field, and forty rod-rows
were chosen at random from each section of the field at Homewood. The rod-
rows were cut and threshed separately, and the average of the rod-row samples
was used to caleulate the yield of the treated and untreated sections of each
field in bushels per acre. The threshed samples were graded by the Dominion
Grain Inspector at Winnipeg, Man.
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Results

The results of the Graysville and Homewood tests are summarized in table
36. An analysis of the cost of the treatment, in relation to the resulting increase
in yield and grade, is presented in table 37.

At Graysville, four 30-pound dustings gave satisfactory rust control. In
this field the average amount of stem rust infection was reduced from 75 per
cent in the check to 25 per cent in the treated plot. Owing to the late develop-
ment of the rust epidemic and to the early ripening of the grain, the yield
difference is not very striking. Nevertheless, under the condition of the trial
at Graysville, dusting increased the yield 3-5 bushels per care and improved
the grade from 3 to 2 Northern. After deducting the cost of the treatment the
net gain per acre due to dusting was $1.34.

F1e. 17.—Horse-drawn power dusting machine (Shunk duster) in operation. The dust is
foreibly discharged through a wide delivery tube.

In the Homewood test, similar results were obtained. Rust was effectively
controlled by six 30-pound applications of Sulfodust. At harvest time, the
dusted grain was practically free of rust, while the average amount of stem
rust infection in the undusted portion of the field was 65 per cent. Both the
dusted and undusted portions ripened somewhat early, and thus rust was less
severe than on late-maturing grain. In the dusted portion, there was a net
gain of $1.72 per acre over the undusted portion.

The results of the Graysville and Homewood experiments indicate quite
clearly that, even in a year when the damage from rust is not very appreciable,
dusting with sulphur does enhance the value of the crop sufficiently to return a
profit after all deductions for material and labour have been made. The
experiments show also that large acreages can be successfully treated.
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Co-oreraTIVE FieLp DustiNG EXPERIMENTS

In co-operative experiments to devise a practical dusting schedule for the
control of wheat stem rust, horse-drawn dusters were used at the Dominion
Experimental Farms at Morden and Brandon, and on the College Farm,
Winnipeg. At each station Marquis wheat was sown late in half-acre plots.
To determine the effectiveness of different rates and frequencies of dusting, and
to test the comparative value of two brands of sulphur dust, an experiment was
planned in which four treated plots and one untreated one were used.

The experiment was arranged so that the yield data from the various treat-
ments could be studied statistically, and the actual significance of the yield
differences determined. The following treatments were run at Morden, Brandon,
and Winnipeg. One plot was dusted with Kolodust at the rate of 20 pounds per
application per acre, at intervals of 7 days, commencing July 12 and continuing
until August 12. Another plot was dusted at the rate of 20 pounds per acre, but
dustings were made twice each week. The third plot was treated with Kolodust
at 7 day intervals at the rate of 40-pounds per application per acre. Another
plot was dusted weekly with Electric sulphur at the rate of 40 pounds per acre.
The fifth plot was left untreated as a check. In order to prevent the dust from
drifting, buffer strips, six feet wide, were left between the plots. At Morden and
Winnipeg, the experiment was run in duplicate, so that each treatment in the test
was replicated five times.

Niagara “Aero” horse-drawn dusters were used at Morden and Brandon
(fig. 18), and the Niagara modified orchard duster was operated at Winnipeg.

¥16. 18.—Horse-drawn power duster (Niagara Aero duster) with an attached boom distri-
butor. This machine is capable of dusting a strip 30 feet wide.
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The “Aero” dusters were equiped with booms which could effectively dust a
swath 30 feet wide. . Although some grain was tramped down, a surprisingly small
amount of actual damage was caused to the standing crop.

Dusting operations were commenced at each farm on July 12, when only a
light trace of stem rust could be found. At this time, however, leaf rust was
very general, about 60 per cent of the plants being infected with a degree of
rust ranging from a trace to 10 per cent. In Manitoba, stem rust development was
slow during the critical period of plant growth, so that, before the.epidemic
reached serious proportions, the wheat was too far advanced to be seriously
affected by the disease.. At Brandon, however, conditions were more favourable
for the development of stem rust, and a mode1 ately severe epidemic occurred.
The crop at Morden was very light, and rust did not develop to any extent. At
Winnipeg, only a very light stem rust epidemic occurred, and under the unusually
dry conditions the crop ripened early. The fields at Morden, Brandon, and
‘Winnipeg were practically mature by August 18.

Fmal rust data were-taken on August 19 and August 20. Yield data were
obtained by harvesting and threshing separately rod-rows from each half-acre
plot at each station. The average of ten rod-row samples was used to calculate
the yield of each plot in bushels per acre. Weight per bushel and grade were
dletermmed from uniform lots of threshed gmln from each treated and untre ated
plot.

TaBLE 38 —ANALYSIS 0F THE Y12LDS OF MARQUIS WHEAT FROM ONE-HALF ACRE PLors AT MORDEN, BRAN’DON
AND WINNIPEG, SHOWING TuE METHOD BY WILCH TIIE PROBABLE L‘rmon OF THE DXPBRIMENT WAS

CALCULATED.
Yields of plots in bushels per acre
Treatments—IKind and amount of dust per application per
acre and frequeney of dust applications Meang
Replicate of
Electric renlicates
Kolodust | Xolodust | Kolodust stulphur Check
20 pounds | 20 pounds | 40 pounds | 40 pounds | undusted
weekly bi~weekly weekly weekly
Morden A.................. 11-0 T 112 10-5 - 11.7 10-4 10-96
Morden B.......... AP 10-0 10-8 11-0 10-3 96 10-34
Brandon....... e 36-0 40-0 41.0 38-0 33-4 37-78
Winnipeg A................. 28-0 326 27-8 26-9 25-5 28-16
Winnipeg B............... .. 32-8 36-8 38-2 38-7 28-9 35-08
Means of treatments........ 23-55 26-28 2570 25-12 2156 122-22
General mean = 122.22 + 5 = 24-445 General probable error of experiment =
2 =18604-47 5xb (146-6208—2-052—136- 5243)
——— — 597-558 = 146-6208 <6745 = 2:3913
N 25 (4x4)
2 =3002-05
E 5 — 697-558 = 2-052 Probable error in per cent; of general mean =
2 =3670-4116 . . 2-3913 x 100
— ———— — 597558 = 136-5243 —_— = 9-7823
G 24445
Probable error in per cent of mean of 5 plots = ——— = 4-3749

As shown in table 38, the Variance Method of analysis was applied to the
vield data in these tests. The method involves the calculation of a generalized
probable error or standard deviation of all the treatments of the test. For
experiments of this kind the Variance Method gives a high degree of .accuracy.
The formula given by Student (Biometrika, Vol. 15, pp. 271-293), for the
generalized probable error is as follows:—
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E=x6M5+MN (T R G
(M-1) (M-1)

g

— squared standard deviation or variance for the yields of all plots
in the test.

= variance of the means of the treatments.

— variance of the means of the replicates.

Qo v

M = number of treatments.
N = number of plots of each treatment,

These constants are obtained by ealculating as follows:—

2 =8 (T)% — X2 where T = yields of individual plots.
T MN X = general mean of all plots.

_2 =8 (R)2—X2 where R = mean yields of treatments.
R M ‘

2 =8 (G)2—X2 where G = mean yields of replieates.
G N »

It is important to realize that the object of the application of statistical
methods to dusting experiments is essentially the determination of the signific-
ance of the difference between various treatments. In this test the various
treatments were compared. The difference in yield between the treatments
compared divided by the probable errorr of that difference was used to deter-
mine the significance of the results on a probable error basis.

Ezperimental Results

The effect of dusting on the amount of stem rust at harvest time, and on
the yield at Morden, Brandon, and Winnipeg is given in table 39. A comparison
of the amount of rust at harvest time in dusted and undusted plots indicates
that rust was very light at Morden, moderately heavy at Winnipeg, and heavy
at Brandon. There was not enough rust at Morden to determine clearly the
effect of different dustings. The Winnipeg and Brandon results show that rust
was satisfactorily controlled when frequent applications of Kolodust and Elec-
trie dust were made. The 40-pound weekly dustings of Electric Sulphur seemed
to control rust as well as the same number of 40-pound dustings when Kolodust
was used. Weekly applications of Xolodust at the 20-pound rate also controlled
rust to a considerable degree. From a study of the data in table 32, it is apparent
that the yield was not influenced to a significant degree. Bi-weekly applica-
tions of 20 pounds per acre gave a significant increase in yield over the check
plots of 4-7 bushels per acre. .

Bi-weekly 20-pound applications of Kolodust, therefore, gave the most
effective control of stem rust. In this case, the odds that the yield difference
of 4-7 bushels per acre is a signifieant one are 31-2:1. .The differences in
~yields of 3-6 and 4-2 bushels per aere obtained by 40-pound weekly applica-
tions of Electrie and Xolodust respectively, when considered in the light of their
probable errors, were barely significant. - Nevertheless, when dustings were made
at seven-day intervals at the rate of 40 pounds per acre, the percentage of stem
rust was markedly reduced. The results indicate the effectiveness of weekly
applications. '
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In general, the 1929 season was not a satisfactory one for conclusive demon-
strations of the control of rust by dusting. Nevertheless, much valuable infor-
mation was obtained. Although it has been shown that stem and leaf rusts of
wheat can be controlled by applying precipitated sulphur to the growing plants,
is it still necessary to continue the search for cheaper and more effective dusts.
The general technique of dusting grain crops to combat disease does not seem
to be more difficult than that required for dusting fruit and vegetable erops.
However, much has to be learned regarding the most economic and effective
method of treating large grain ficlds.

Root-Rots and Foot-Rots of Cereals in Manitoba
(W. L. Gordon)

The root-rot and foot-rot survey, carried on in Manitoha during 1928,
showed that these types of disease were more prevalent than was previously
thought.* During the summer of 1929, an extensive survey was again carried on
in order to gain as much information as possible concerning the prevalence and
distribution of the several organisms, and the damage attributable to them.
The survey was carried out in conjunction with the survey for stem rust by
nmembers of the Dominion Rust Research Laboratory.

Two hundred and thirty collections of plants, all apparently infected with
root- and foot-rotting organisms, were made in 108 localities within the pro-
vinee. The distribution of these localities is shown in figure 19. The majority
of the collections were obtained from fields of wheat and barley, but a few from
fields of oats and rye.

Root-rots and foot-rots werc not confined to any definite localities, but
were widely distributed throughout the grain growing area of the provinece (fig.
19). Infected plants could be found, to a greater or less extent, in almost every
field of wheat and barley examined. Very few of the fields of oats and rye
showed any infection by root-rotting organisms.

The amount of infection in different fields varied from a mere trace to almost
100 per cent of the plants. Approximately 25 per cent of the fields of wheat and
barley showed infection of 50 per cent of the plants, or more. Infected plants
generally appeared to.be more prevalent in the lighter soils, although they were
by no means confined to them. .

The foot-rot type of diseased condition was more evident than definite
injury to the roots. The basal part of infected plants, between the erown and
first node, showed distinet browning. These plants were not always lmited to

. definite patches in the fields, but isolated plants also showed this discolouration.
In a few fields, however, the roots of the plants were poorly developed and
discoloured, but the basal part of the stems was normal. Occasionally, both the
roots and the basal part of the stem were discoloured.

Isolations made on potato dextrose agar plates from the discoloured hasal
part of the stem and from the roots of apparently diseased plants yielded
Helminthosporiwm sativum P.K. et B., and Fusarium spp. Helminthosporium
was more frequently isolated this year from individual collections than Fusarium,
although the latter was also’ commonly present. .

“Take-all” (Ophiobolus graminis Sacc.) was not detected this year by a
macroscopic examination of the plants in the field, although it was frequently
found during 1928*. The severe drought during the summer may have seriously
retarded its development. It does not seem possible that it could be entirely
absent. ‘ '

# Gordon, W. L. Root rots and foot vols of cereals in Manitoba. Annual Report of the

Dominion Botanist for the year 1928.

*@ordon, W. L, Ut Supra. Annual Report for the year 1928,
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There is no doubt that, where there is heavy infection, root-rotting organ-
isms are causing a decided reduction in the yield, particularly of wheat and
barley. However, if the infection is only slight, the plants appear to be capable

of maturing seed, with little, if any, reduction in the yield, especially if growth
conditions are good.
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T'16, 19~~The small circles represent localities in which collections of root- and
foot-rotting organisms were made in Manitoba,

REPORT OF THE DOMINION LABORATORY OF PLANT PATHOLOGY,
EDMONTON, ALBERTA

(G. B. Sanford, Pathologist in Charge)

A STUDY OF THE PATIHOGENICITY OF FUNGI ISOLATED FROM MATURE WIIEAT PLANTS
DAMAGED BY ROOT-ROT

(G. B. Sanford and W. C. Broadfoot)

The object of this experiment is to provide knowledge on which a plant
breeding program may be based for obtaining resistance to the foot- and root-
rotting fungi attacking wheat, The immediate aim is to determine the degree of
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pathogenicity of the root-rotting fungi on wheat found in a field-to-field study
within a given area. The tests are first made in the greenhouse under controlled

temperature, after which, tests are made in the field. The isolations made from

the damaged wheat plants are taken to be fairly representative of the fungi
associated with a diseased condition of the basal parts. At the same time it is
recognized that certain fungi, such as Ophiobolus graminis Sacc. do not appear in
ordinary culture. X .

The first field to be studied was located near Camrose, in the black soil area.
In this field of Marquis there was an estimated foot-rot injury of about 25 per
cent reduction in yield. This field was chosen because of the uniform distribution
of affected plants. Many plants, obviously affected with take-all, as evidenced
by the black foot and the plate mycelium, were scattered here.and there through-
out the field. The basal parts of the remaining plants werc more or less brown
with root-rot injury, and the grains of these plants showed various degrees of
shrinkage. The plant material for study consisted of 80 representative samples
taken from as many points equally distributed in the field.. For plating, the
plants showing typical take-all were rejected.

The technique for culture consisted of disinfecting the surface of about one
inch of the main haulm in a 1-1000 mercuric chloride solution. This portion, which
always included the point of attachment to the secondary root system, was plated
on three per cent potato dextrose media. The fungi thus obtained consisted
mainly of Helminthosporium sativum Pamm. King. & Bakke and Fusaria (cul-
morrum type predominating). Seventy-five monosporous cultures, (11 of I.
sativum, and 64 Fusaria) were chosen for pathogenicity tests. IBach culture
was increased on ground oat hull media to supply inoculum for pot culture.

The experiment is divided into two parts (a) pathogenicity test for the -

seedling stage (b) a pathogenicity test for the maturity stage. The temperature
of the greenhouse is held at approximatety 20° C. Elite Marquis seed, given the
standard hot water treatment for loose smut, is used for the experiment. For the
“seedling ” test, 20 grains per pot are planted. For the “ maturity ” test only
seven grains are planted. The soil, which is steam sterilized in six-inch pots,
consists of three parts of black loam to one of sand. Ten grams of inoculum
are placed in each pot at the seed level. Tach culture is replicated five times
, for each experiment. Every tenth pot throughout the experiment is a check,

to which is added a ten-gram portion of sterilized ground oat hulls. The plants
in the seedling test are harvested after six weeks., Precise notes on the intensity

of infection of crown, sub-crown and secondary roots are taken. From this -

examination an arbitrary infection rating, ranging from 0-10, is given. Zero
indicates a clean undamaged plant and 10 a dead plant. The “ maturity 7’ test
is harvested when the plants are mature, and the infection rating given.

Both “ seedling ” and “ maturity ”’ tests on the Camrose isolations have been
carried out twice. Another, and final test will be made before proceeding to
study the fungi from another ficld. Tach test of the Camrose field has involved
800 pots—a total of 2,400 pots. Under greenhouse conditions it is not possible
to carry oubt more than two lests in one year as the temperature conditions
cannot be regulated during the late spring, summer and early fall months.

Space does not permit of a tabulated result of all the data so far obtained.
Consequently, only the average infection of the five replicates of each culture for
one test will be given. This will indicate the nature of the data. In table 40
are arranged the results for both “seedling” and maturity ” test.
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TABLE 40.—T1E RELATIVE VIRULENCE OF SINGLE Srore CULTURES or Fusarium (culmorum typo), AND OF

MROSE, ALBERTA,

Helminthosporium salivum, ISOLATED FROM A
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Those with numbers 1, 2; 3 and 4, are H.

1 The cultures with letters A, B, C and D, are Fusaria.

salivum.
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THE EFFECT OF CHEMICALS ON THE DEVELOPMENT OF THE FOOT- AND ROOT-ROTS
OF WHEAT

(W. C. Broadfoot)

In view of the variability of the evidence in the literature concerning
the effects of certain fertilizers on the development of the foot- and root-rots
of wheat, a study of the subject under Alberta conditions was thought advisable.
Accordingly, a uniform field experiment has been laid down at the Dominion
Experimental Station at Lacombe, the Dominion Irrigation Station at Brooks,
and the University of Alberta, Edmonton. The two latter points are in the
black soil area, while Brooks is in the brown or plains soil area, After consult-
ing Dr, F. A. Wyatt, Professor of Soils, University of Alberta, it was decided
to use the following fertilizers at the rates indicated below.

1. P 250 pounds per acre of superphosphate.

2. K 200 pounds per acre of potassium sulphate,

3. N 200 pounds per acre of ammonium sulphate.

4. PK 250 pounds per acre of superphosphate -- 200 pounds per acre of
potassium sulphate.

5. PN 250 pounds per acre of superphosphate -- 200 pounds per acre of
ammonium sulphate.

6. KN 200 pounds per acre of potassiumn sulphate -} 200 pounds per acre
of ammonium sulphate.

7. PKN 250 pounds per acre of superphosphate -- 200 pounds pel acre of
potassium sulphate -~ 200 pounds per acre of ammonium sulphate.

8. Ca 2,000 pounds per acre of lime (CaO).

9. Cu. 250 pounds per acre of copper sulphate.

Each treatment was replicated four times. The chemicals were sown on
prepared soil, and raked in. TFinally, the seed, mixed with the inoculum, was
sown in rows. Ophiobolus graminis was used to inoculate the plots this year.

At harvest, random samples of wheat plants were taken from each plot
and examined. The degree of injury was estimated by examining the split
“foot.” The basal parts of plants from each sample were disinfected and
cultured for the purpose of comparing the number, and kind, of fungi isolated
from the various plot-treatments. The infection rating and the fungi so
obtained from the plants from the Edmonton, Lacombe and Brooks plots are
contained in table 41,

In examining the data there does not appear to be any marked differences
in the degree of injury. Probably the lack of definite results can be attributed-
to the very dry conditions of the scil throughout the experiment. The severity
of infection, however, appears to have been greatest on the Edmonton plots,
where the rainfall was lightest. In the Edmonton plots the plants from the
complete fertilizer plots (PK) had the lowest infection rating, and the tendency
seems to have been in this direction at Lacombe and Blooks, although less
marked, (I

A matter of interest, from the plating record in table 42 is the fact that
the prevalence of H. satiwum and Fusaria varied in their relative amount at
the three stations. At Edmonton the former represented over 46 per cent of
the total isolations, while the Fusaric made up the balance. In contrast to
this H. sativum comprised only 8-2 per cent of the total isolations at Lacombe,
while at Brooks it included about 41 per cent. TFurther study of this project

over a term of years should yield 1n’oelest1ng and practical information,
2043763
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TABLE 41.—THE ErreEct oF VARIOUS CHEMICALS ON THE RELATIVE AMoUNT oF Foor- AND Roor-ROT INJURY

70 WurAT UNDER FieLp CONDITIONS.

The Prors weRe INocuLaTED WiTH Ophiobolus graminis.

Infection rating on roots

Station Chemical Replicate
treatment!
A B C D Average

. Edmonton.................. P 345 4-35 290 1-80 3-12

K 4-90 5-30 3-35 3:00 413

N 6-50 345 240 350 3-96

PK 1-90 1-75 2-85 3-40 2-47

PN 3-55 4-50 3-50 1.55 3-27

KN 415 4.35 1-80 3-75 3-51

PKN 370 275 2-65 2-00 2:77

Ca 3:70 3-60 5:25 1-95 362

Cu 3-40 3-55 3:30 4-55 3-70

0] 4.70 3-60 2-00 2.45 318

Check 4-15 3:35 | 215 400 3-41

Lacombe,...vvevennnnn... P 1-30 1-70 1-60 1-55 1-53

K 2:85 1-95 2-55 355 272

N 1.10 1-10 335 3+50 2-27

PK 220 2-45 2-85 3-45 2-73

PN 0-80 1-95 145 2-25 1-61

KN 1:35 1-50 3-00 | 1-40 1.81

PKN 1-35 1-25 2-65 1-75 1-75

Ca 0-60 2-45 1-80 0-95 1-45

Cu 1-10 1-90 3-10 250 2-15

(0] 1-55 1.10 3-40 - 1:50 1-88

Check 1-90 2-40 1-G5 3-15 2-27

Brooks.....oovviiiiiiian.., r 2-80 2-10 160 0-40 1-72

K 2-75 1-70 2-80 1-80 2-26

N 075 1-83 1-85 Lost 1-48

PK 1-65 1-50 1-10 3-60 1.-96

PN 3-20 2-40 265 1.40 241

KN 2-20 1-70 1.75 1-20 1.71

PKN 1-30 1:00 1-35 1-90 1-38

Ca 1.-25 1-80 175 0-85 1-46

Cu 0-90 170 2-00 120 - 1-45

(0] 1-35 1-30 1-45 1-90 1-50

Check 2-15 1-85 1-65 2-20 1.96

1P, K, N, Ca, Cu, are s
indicates no treatment.

ymbols for Phosphorus, Potassium, Nitrogen, Caleium, and Copper, and O

TaBLE 42.—THE RELATIVE NUMBER OF ISOLATIPNS or Helminthosporium sativum and Fusaric OBTAINED
rroM THE Foor or WHEAT Prants waEN GurowN oN ProTs TREATED WiTe VARIOUS CHEMICALS

Number of isolations of Helminthosporium sativum and Fusaria?

Chemicall Treatment As B C D Total
H|Fe|F|H |Te|F{H|Fe|I'| H Te T |H|Fe| F
(Edmonton)—
P 6 0 4 6 3 2 5 0 5 4 b 3l 21| 8 14
S 6 1 3 2 - 5 3 4 4 3 4 0 2] 16 10{ 11
N 2l 2 i 1 2 7 4 1 5 3 0 7101 5 25
PR.viieiiinnnn, 6 1 1 6 1 3 3 4 3 2 6 3| 171 12| 10
PN, it 6f 3 3 8 3 1 3 2 5 4 0 1| 211 8| 10
KN oiiiiiiiiiiaans 7 1 21 4 2 2 1 .2 7 7 3 2( 19| 8| 13
PEN......ov e 6 0 4 7 1 21 2 3 5 4 3 5 191 7| 16
[ 5 2 3 7 3 1 1 2 7 7 0 0 200 7 11
(O P 6 1 2 1 3l 4 3] 4 3 6 5 1| 16| 13| 10
[ 21 2 6 5 3l 2 50 1| 4 6 1 5 19 7 17
Check.................. 3 2 4 7 2 1 7 1 2 3 3 4 20 8} 10
1 4 5 0 9 1 0] 10 0 0 10 0| 1] 33 6
0| 7 3 0 G 4 0] 10 0 0 8 2l 0 311 9
2 8 o0 .1 5 4 1 9 1 2 10 0| 6 32 5
0 7 3 11 10 0, 1 10 0 -0 10 0f 2| 37 3
1 9 1. 2 [} 3 1 9- 0 1 10 0| 5 34 4
0 6 4 1] 10 0 o 9 1 0 10 0 1 35 5




85

Tapie 42—THE Reniive NuMBer or IsonamioNs or Helminthosporium sativum and Fusaric oBTAINED
FROM THE Foor oF WHEAT PraNts wiEN GROWN ON Prots TREATED WITH VARIOUS °
Cuenrcans—Concluded

Number of isolations of Helminthosporium sativum and Fusaria
*Chemical Treatment A ' B C D Total
H{Fe|F|H|Fe|F|[H[Fe| F| H Fe F |H{Fc| F
(Lacombe) Concludctl
PK 4 8 .1 1 9 1 0 10 0 0 7 3 5 34 5
11 9 1f of 10 o of 6f 4 2 8 0 3| 33 5
1 7 2 0 [ 4 2 9 0 1 9 0 4] 31 6
1 5 5 2 8 2 3 7 3 0 10 0 6] 30| 10
1 9 0 2 8 1 0 7 3 2 10, 0 5 35 4
1l 10 o 4 5 2 6 3 2 6 4 1 17 22 5
o 8 o 3 3 3 .6 1 0 3 3 0] 12| 15 3
31 5 1 4 4 21 1 6 1| Lost| Lost| Lost 8 15 4
2 4 2 0 5 3 1 0 3 1 8 0 4 17 8
3 7 0 4 5 0 no2 3 2 6 11 .16/ 20 4
1 &5 3 9 2 1y 7 1 5 7 3 3| 23 11} 12
1 5 2 4 5 1 1 4 2 9 T2 1] 15 16 6
20 8 o 6 2 2[ 8§ 1 2 10 2 2l 26| 13| 6
3 4 2t 21 6 1 5 of 3 7 3 1 17 18 7
5 4 1 2 4 3 5 3 4 6 2 1 18| 13. 9
1 4 1 4 6 o 2 2 2 4 3 3 11 16/ 6

1P, K, N, Ca, Cu, are symbols for Phosphorus, Potassium, Nitrogen, Caleium, and Copper, and O
indicates no tleutment.
2 H, indicates H. sativum; Fe, Fusaria (culmorum type) and I, Fusaria, undetermined.
3 A, B, C and D are replicates.

A STUDY TO DETERMINE WHETHER THE WHEAT PLANT BECOMES MORE SUSCEPTIBLE
WITH ADVANCING AGE TO FOOT- AND ROOT-ROTTING FUNGI

(H. T. Robertson)

It is considered important to know whether the foot of the wheat plant
becomes more susceptible to root-rot during the post seedling stage.

For this study pathogenic culbures of Fusarium culmorum, Helmin-
thosporium sattwum, Ophiobolus graminis, and of Leptosphaeria herpotrichoides
de Not. are used singly and in combination, The degree of injury is obtained
by inspection and by histological examination of the plant. Approximately
400 pot-cultures were involved in the first experiment. These experiments must
be repeated one or more times before conclusions can be made.

HISTOLOGICAL STUDIES ON THE FOOT- AND ROOT-ROTS OF CEREALS

During the summer of 1929 a histological study of the basal portions of
wheat plants attacked by various root-rotting fungi was begun at this laboratory.
Since practically all of the work of this nature, reported to date, has been
carried out on plants in the seedling stage, it was proposed in the present
study to use more mature plants. This study includes pathogenic species of
Ophioblus, Leptosphaeria, Wojnowicia, Helminthosporium, and Fusarium. It
is hoped from this sbudy to discover something of the nature of the injury
done to the mature wheat plant by these organisms, and how, and to what
extent, they penetrate the tissues of the plant.

Frequently in the survey work, fields have been found where the yield
is materially cut and perliaps the plants stunted, but where the roots appear
healthy outwardly. One object of this study is to find out whether it is practical
to determine miecroscopically what organism, if any, is present in these cases,
and to establish a definite relationship between discoloration and the plesence
of mycehum

For various reasons it was thought advisable to begin this. wmk with a
study of the effects of Ophiobolus graminis on the mature plant. With this
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STUDIES ON' THE EPIDEMIOLOGY OF STRIPE RUST IN ALBERTA

(G. B. Sanford and W. C. Broadfoot)

This laboratory has undertaken to study the distribution and development
in Alberta of stripe rust, Puccinia glumarum Erikss. and Henn. A note on this
subject appeared in Scientific Agriculture, Vol. 9, p. 337, 1929, In this study
data are collected by ordinary survey methods, and from uniform nurseries in
which varieties. susceptible to stripe rust are planted, and located at strategic
points, and from observations on overwintering of rusted plants. In order to
discover if stripe rust survived the winter of 1928 and 1929, fields of winter
wheat were examined early in May this year. Although these fields had carried -
a moderate infection the previous fall, not a single case of stripe rust was dis-
covered this spring. Contrary to the appearance of the wheat in the spring of
1928, when much of the old foliage had remained green, the fall foliage was
completely killed, and with it went all traces of the rust. The new growth was
apparently free from stripe rust, and apparently remained so .until harvest.
About June 25 fields of spring and winter wheat were again examined for stripe
rust. The area inspected was from Edmonton in the north, to Cardston near
the Montana boundary in the south. Iields of wheat and patches of Hordeum
jubatum, favourably situated for the development of this rust, were carefully
inspected. No stripe rust was found.

This year stripe rust was first observed on wheat and H. jubatum at Clares-
holm in southern Alberta, August 15. Indications were that the rust was then
from ten to fifteen days old. This rust was general on H. jubatum in the area
roughly bounded by Claresholm, Nobleford, Lethbridge, Raymond and Cardston.
Occasionally a field of spring wheat in this area was rusted. Near Claresholm
& field of wheat, identified as Kitchener, was practically defoliated by stripe rust.
H. jubatum, Agropyron Smithii, and A. dasystachywm, growing on the edge of
the field, were also heavily rusted. Directly across the road was a field of
Marquis wheat in which no stripe rust was found—a fact which indicates a
distinet difference in susceptibility of the two varieties.

The results of the swrvey data have been summarized and indicate the
development of stripe rust throughout the season. During September a trace of
stripe rust was found at several points, after a careful search, as far north as the
Edmonton district. With the exception of a case which occurred om Chagot
wheat in the nursery at Edmonton, all infections were found on H. jubatwm,
growing in very favourable places. In the south, near Claresholm, stripe rust
continued to develop.on H. jubatum and fall-sown wheat, until late in the
autumn. A particularly heavy infection occurred in one field of Kharkov fall~
sown wheat near Claresholm. The infection on the leaves was so heavy that
the ground underneath was yellowed by the uredospores. . ‘

The uniform rust nurseries which are being used to study the spread of
stripe rust include varieties of wheat and barley already found susceptible to.
Puccinia  glwmarum. - Marquis, Reward, and Garnet are included n these
nurseries for comparison. The varieties used in the uniform rust nurseries in
1929 are shown in table 43. As stripe rust was not observed in 1929 in any of
the nurseries except at Claresholm and Edmonton only these are mentioned in
this table. ‘The location of the other seven nurseries are found in table 44. It
was interesting to note that in the nursery located at Claresholm, the district
where stripe rust was most pronounced, only a trace of rust appeared on White
Federation, Bunyip, Marquis 7, Early Baart, Vermilion, and Chagot, the last
variety being most susceptible. The other varieties of wheat and barley
escaped infection. Unfortunately the nursery at Clareshohn ripened too early
for the bhest results. At Edmonton, all the varieties except Chagot escaped
infection, -notwithstanding that the foliage remained green until October 11,
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At Olds, where stripe . rust had developed in 1926, 1927 and 1929, all the
varieties in the special stripe rust nursery escaped infection. In this nursery
there were 21 varieties of wheat, 16 of which have been listed as being suscep-
tible by Hungerford and Owens, Journ. Agri. Res. , Vol. 25: 363-401, 1923. The
first evidence of stripe rust at Oldg this year was on H. jubatum, September 26,
at which time the varieties in the nurseries were mature.

TapLE 43.—Tue Reacrion oF 16 VARIETIES oF WHEAT AND 2 VARIETIES oF BARLEY o Puccinia glumarum

A7 1HE PROVINCGIAL Sciiool, or AGRICULTURE, CLARESHOLM, ALBERTA, AUGUST ,15 1929, anp AT ED-
_MONTON, ALBERTA, SEPTEMBER 16, 1929

.Claresholm : Edmonton
Variety?! Group

Early Late Early Late

seeding | seeding | sceding | seeding
White Federation Cal. 3213 0 Trace 0 0
Bunyip Cal.3203.................... 0 “ 0 0
Chagob....ovvvvivnr i 0 “ o 0 Trace
Marquis 7.....ouv v renereinainnn 0 “ 0 0
Early Baart Cal. 3929 ................ 0 “« 0 0
White Barbless Barley.............. 0 0 0 0
BishOD. . ivvveiiiieiiiiaianinns 0 0 0 0
Chagot. . .. , 0 Trace 0 Trace
Vermilion................ 0 ¢ 0 0
Early Red Fife Ottawa. 16. .. 0 0 0 0
Chagot...ooveviiiviiviinnnan 0 Trace 0 Trace
Early Java 0 0 0 0
Hybrid 143 0 0 0 0
Prehude..... y 0 0 0 0
Marquis.. 0 0 0 0
Garneb......ooioiinnn.. 0 0 0 0
Reward ' 0 0 0 0
Barley 0.A.C.21 U.of A........... Six ROW..ovooiinnn.e 0 0 0 0

1 Varieties kindly supplied by Mr. A. T. Kemp, Agronomist, School of Agriculture, Olds, Albert;.a.

Tapre 44, —LocatioN or Strive Rust N Uurseriss 1v ALBErRTA 1N 1929, AND NaMES or Co- OPERATORS AT *
eAcH LocAriry

Locality . Co-operators

Beaverlodge ..|Mr. W. D. Albright, Superintendent, Dominion Experiment Station.
Edmonton....... ..|Dominion Laboratory of Plant Pathology.
Lacombe.........ocvvunn.. Mr. G. E. Delong, Agronomist, Dominion Experiment Station.
Claresholm Mr, W, Robinson, Agronomist, Provineial School of Agriculture.

Ids.... oo Mr. A, T. Kemp, Agronomist, Provincial School of Agriculture.
Vermilion....... e Mr. B. J. Whitbread, Agronomist, Provineial School of Agriculture,
Cowley.......ooovvvue. Mr. C. Elton, Farmer.
Provost.................. Mr. E. C, Muu TFarmer,
Moyerton................. Mr. H. Thlbodeau TFarmer.

No attempt is made at this time to offer an explanation for the uneven
developiment of stripe rust in 1929. The meteorological data from 70 points
show that a very scant amount of rain fell over the entire area during June,
July, August, and September. Records show that the air temperatures were
‘high. Howevel, in the absence of more complete data on the exact moisture
and temperature conditions, we are inclined to the belief, which is based. on our
observations, that dew played a very important part in the development and
spread of strlpe rusb in 1929,

A NEW DISBASE OF CORN IN ALBERTA
(G. B. Sanford) ‘ : -

What appears to be a disease, new to A]bertw, on corn, was first observed,
in 1927, at Brooks. A number of full- -grown plants in a field of Golden Bantam.
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corn, in the ear stage, were severely blighted, and several were dead. In 1928
this disease was again observed at Brooks. Samples were taken and pheto-
graphs made each year.

The disease affects all the above ground parts of the plant and severe
lesions may enter the cob or, stalk from the outside, producing necrosis. The
leaves appear to be the most severely attacked. The first indications of the
disease on the green leaf is an exudate which later dries, leaving a small, raised,
light-coloured spot, which is about one millimeter, or less, in diameter. The
exudate is soon surrounded by a water-soaked area of varying width and shape.
There is perhaps a slight tendency for the lesions to be restricted by the leaf
veins. After a time each spot is usually bounded by a brownish, rusty margin.
Lesions may coalesce, producing long or irregular water-soaked or rusty areas.
The lesions may appear on either surface of the leaf, but they are more
numerous and pronounced on the upper surface. The nodes of affected plants
become purplish. In figure 21, (a) represents a magnified view of the disease
lesions on the surface of a leaf of Golden Bantam corn, in (b) is shown a view
of the upper surface of the leaf less magnified, while (¢) shows a portion of the
diseased stalk with the coloured node.

F16. 21.—Leaf and stalk portions of Golden Bantam corn showing the disease lesions. Note
the darkened node on the stalk portion at the left. On the right is an area of the leaf
showing the lesions magnified. (Photo. by H. T. Robertson)

A number of bacteria, some of which are very difficult to culture, have
been isolated, but the casual organism has not yet been determined. At present
the disease gives every indication of being caused by bacteria.

OBSERVATIONS ON MISCELLANEOUS FUNGI IN ALBERTA

(W. C. Broadfoot)

Following are brief notes on some fungi isolated from wheat plants during
the past season. Leptosphaeria herpotrichoides was obtained from the basal
parts of winter and spring wheat plants of the 1928 crop. In figure 22 are
photographs of a broken perithecium with liberated asei and ascospores, and also
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F16. 24—On the left is an unknown disease of Reward wheat showing black discoloration
on glumes and rachis, x 2. Center shows blotch on spike of wheat caused by Septoria
glumarum, x 2. On the right is a culm of wheat showing the typical arrangement of
pyenidia of Septoria tritici in rows, x 5. (Photographs by H. T. Robertson)

F16. 25.—Mycosphaerelle Tulasnei. On the left is a crushed perithecium with discharged
asci. x 250. On the right is a magnified view of same showing asci and ascospores,
x 500. (Photographs by H. T. Robertson)
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Laboratory and Grenhouse Studies—One additional isolation of Ophiobolus
graminis Sace. has been made and it is planned to continue the study of the
comparative morphological and physiological characteristics of the different
isolations in our collections. Experiments dealing with moisture relations and
the relative pathogenicity of our different isolations are being carried out in the
greenhouse, as well as several minor investigations. In the case of the moisture
relations experiment, the moisture holding capacity of the soil is computed and
enough water is added daily to the various groups of crocks to bring the soil in
them to a specified degree of saturation if the water were evenly distributed
through the soil, but as a matter of fact, the distribution is not uniform. Never-
theless, we get a fairly satisfactory gradation of moisture conditions in the

F16. 27.—Moisture relations on Ophiobolus graminis; on the left, check and inoculated
groups grown in soil 60 per cent saturated; on the right, check and inoculated
groups grown in soil 75 per cent saturated.

different groups of crocks as is shown by the results obtained (figs. 26 & 27).
We now have isolations of O. graminis irom six different points in Saskatchewan.
Five of these were made in our Laboratory and one was secured from Mr. T. C.
Vanterpool of the University of Saskatchewan. There appears to be a distinet
difference in the virulence of some of these cultures (figs. 28 & 29). During the
past winter a short paper concerning the phenomena connected with the penetra-
tion of wheat plants by O. graminis was given at the annual meeting of the
Can. Br. of the Amer. Phytopathological Soc. (see abstract in Phytopathology
19:4:414, 1929).
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TABLE 45,—AVERAGE YIELDS IN GRAMS FROM SMALL Prors or TAxe-ALL Fienps, 1929

St. Gregor
—_— Marquis | Garnet Both
Avelage yleld of 6 inoculated plots gfall dug) e s 95 25-5 60
3 inoculated plots spnng dug)....... N 133 59 96
w “ 6 check plots (fall dug).........c.oovvvnnnn. AN 363 388 376
“« “ 3 naturally moculated plots Espl ing dug).. . 484 534 509
“ “ 3 natumlly inoculated plots (fall dug)............c.oet. 427 468 448
Melfort

Average yield of 2 inoculated plots (fall dug).....oovvviiiiiiiriiniienenen 314 279 © 206
« “ 3 inoculated plots (spring dug)................ eereanaas 383 359 371
« “ G check plots (fall Aug).ccvvevviiiiiiiiiiiiiianeinines 383 427 405
« “ 3 naturally inoculated plots (spring dug),.............. 527 547 537

“ “ 3 naturally inoeulated plots (fall dug).................. None harvested.

‘While the infection was much more severe at St. Gregor, the results were
fairly consistent and the following points stood out clearly:—

(1) Garnet was more susceptible to the disease than Marquis. While Garnet
out-yielded Marquis-in the check plots, it yielded less on the plots which were
inoculated last spring,

(2) Very little take-all appeared in the plots which were inoculated in
previous years but left uninoculated last spring.. This result was quite unex-
pected. Possibly the high mortality in the seedling stage in 1928 and the subse-
quent thinness of the weeded stand which 1'e1na.ined, led to conditions which were
not conducive to the development of the fungus to a stage in which it over-
winters readily. In the main plot where the early infection was less severe in
1928 and the resultant stand was thicker, the fungus over-wintered and injured
the 1929 stand quite noticeably.

(8) The average yields of both the artificially inoculated and the naturally
inoculated plots which were dug in the spring, were higher than the average
yields of the corresponding plots w hich were dug in the fall.

(4) The average yield of the artificially noculated plots at Melfort was
302 gm. while that of the corresponding checks was 473 gm. At St. Gregor the
average yields of inoculated and check plots respectively was 83 gm. and 434 gm.
The average reduction in yield at St. Gregor amounted to 81 per cent while at
Melfort 1t amounted to only 36 per cent. Although the Melfort plots were sown
nine days later than the St. Gregor plots, the difference in extent of injury is
thought to be due mainly to drier conditions at Melfort, because the second date
of seeding plot at St. Gregor, sown the day after the bulk of the plots at Melfort,
was more severely injur ed than the first date of seeding plot which was sown a
the same time as the bulk of the St. Gregor plots.

At each of the above places an experiment was run to test the effect of the
date of seeding upon the amount of take-all in artificially inoculated plots. - The
following table (46) gives the results in brief form:—

TABLE 46.—DArEs oF SEEDING TrST: YIRLDS IN GRAMS FROM ProTs SownN AT DIFFERENT DATES T0 WHEAT
InocuLaTED WirtH O, graminis )

Date sown Yields of cheek plots [Yields of inoculated plots

St. Gregor ‘ Melfort St. Gregor ‘ Melfort | St. Gregor , Melfort
ist date......... 405 390 90 282
2nd date v ] ¢ 28 434 | 397 - 70 98
3rd date 344 236 282 243
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infection affecting about 2-3 per cent of the plants were found in comparatively
old fields on the open plains. These fields had been raising practically nothing
but wheat since they were first broken and had been summerfallowed about
every third year.

The systematic survey of the twenby-six fields chosen for this purpose in
1925 was continued as usual. All observations made on these fields, as well as
on other fields which we have found infested with take-all, confirm our opinion
that the trouble can be satisfactorily controlled by the JudICIOUS use of simple
crop rotations (see last paragraph of the section on take-all studies in the 1928
report). It should also be pointed out that it is not a safe practice to sow.wheat
after barley on infested land. This year we found definite traces of take-all in
harley under ordinary field conditions, and one wheat crop immediately follow- .
ing twe crops of barley showed about 10 per cent of talte-all.

HELMINTIIOSPORIUM STUDIES
(G. A. Scott and B. T. Sallons)

Studies were continued during the current year on Helminthosporium sativum
P. K. & B. the causal organism of a foot rot of cereals. These include field
tests on dates of seeding and greenhouse experiments on head inoculations, effect
of soil moisture on the parasitisin of H. sativum and the effect of ’oemperattue
on the growth of the fungus.

Dates of Seeding—An experiment was designed to determine the effect of
different dates of seeding of Marquis wheat inoculated with H. sativum. Two
plots were sown on each date, each consisting of six rod-rows one foot apart
with two hundred seeds to the row. The plots were separated by a three foot
space. One plot was uninoculated to serve as a check while the other was inocu-
iated with a strain of H. saftvum grown on oat hull medium and sprinkled in
the open drill on top of the seed at planting time. April 26 was the first date
of seeding, two other seedings being made at three week intervals. The results
are given in table 47.

TABLE 47.—RESULTS OF I‘mLD E\I’ERI\IEN‘I‘S oN DAres oF SEEDING oF MARQUIS WHEAT INOCULATED WITE
H. sativum

Date Date Number Per cent Disease
Plot No. o Treatment of of emergence rate
seeding emoergence seed
N April 26....|Check May 15.... 1,200 82.8 10-1
2 “ 26....[Inoc........| ¢ 15.... 1,200 57-8 269
S May 18....|Check......| “ 28.... 1,200 50-7 11-8
A e e Lo 18 Inoc... L. ) ¢ 28, 1,200 48-3 21-5
| N e «vo.|dJune 7....|Check......|June 16.... 1,200 716 [.ooiiiian.
G..... [ cereend] 700 Inoe. ..., “ 16.... 1,200 318 339

The results of this test were seriously interfered with due to severe wire-
worm injury which made the emergence very irregular and made it impossible
to take accurate counts on seedling blight due to the fungus. On June 5, one
row of plot No. 2 was dug up and 28 per cent of the 105 seedlings which emerged
were affected by wireworms, and there ig little doubt that much of the non-
emergence was due to the seed having been destroyed by the worms. The disease
rate was taken on fifty plants from each plot when nearly mature. The number
of blighted and lesioned tillers and the severity of lesions of the primary and
crown roots, and of the subcrown internode were taken into consideration in
estimating the disease rates.

‘There appears to be some evidence in this test that the later dates of seeding
with the consequent higher soil temperatures favoured the fungus in its parasitism

204377
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of wheat. However, no definite conclusions can be drawn from it on one year’s
work especially in view of the wireworm injury, and it is proposed to carry on
further tests of a similar nature during the coming season.

Head inoculations of Marquis with H. sativum —In. the report for 1928,
experiments on the inoculation of foliage and heads of wheat at four stages of
development, namely, secdling, shot-blade, heading and flowering stages, are
outlined. It was shown that spraying a heavy spore suspension of H. sativum
on the heads at flowering time and placing them in moist chambers for two days
resulted in very marked discolorations of the glumes and the germ ends of 90
per cent of the kernels. Further work along this line was carried on during the
past year. Inoculations were made on a large number of heads at stages begin-
ning with, the shot-blade and extending to over twenty days after flowering.
This work was carried on in the greenhouse in March, April, and May on plants
grown from the fall of 1928, During January and February about five hours
of artificial light was supplied to the plants daily. The heads were tagged at
the time of flowering, which was taken as the day on which the first anther was
extruded from any spikelet of the head. Inoculations were made with spore
suspensions of Heliminthosportum conidia in sterile, distilled water. A medicine
dropper, drawn out to a fine point was used to force small quantities of the
suspension directly inside the flowering glume. After inoculations, the plants
were incubated for 48 hours by placing them in a large moist chamber with a
fine spray of water playing on a cloth hung on one side. Usually at the end of
this time the glumes showed distinet discoloration. The plants were then
removed to the greenhouse bench to mature. Check plants were treated alike in
every respect except that sterile distilled water was injected inside the flowering
glumes in place of the spore suspension. At maturity the heads were harvested
and each one threshed separately. Records were kept of the number of kernels
in each head and the number which showed distinet blackening. The results are
summarized in table 48.

TABLE 48.—REsULrs oF JIBAD INOCULATIONS OF MARQUIS 1N THE GREENHOUSE USING . sativum

Inoculated series : Check series

Stage when inoculated Number Number Number Number Number Number
of heads | of kernels |discoloured| of heads | of kernels | discoloured
Insheath................... 6 29 .10 1 27 0
Heading........... e 27 133 41 7 172 7
Flowering...,...... .. 17 199 120 3 49 0
1 day after flowering 13 147 69 4 112 0
2 « “ 4 54 29 7 155 0
3 « “ 9 74 33 2 51 0
4 “ « 17 283 121 4 79 0
5 “ “« 17 374 138 1 8 1
6 “ “« 17 353 | 166 4 102 0
7 “« « 41 1,145 742 4 95 0
8 “ L, 23 635 387 12 383 1]
9 “ “oo 37 917 546 9 244 10
10 « . .25 706 336 8 188 1
11 « o, 19 499 398 3 79 0
12 - “o o 24 671 |- 501 6 162 2
13 “ “o. 13 356 225 8 203 0
14 “ “o 26 771 549 7 207 1
15 “ . 3 71 . 64 8 227 2
16 « . 22 509 384 10 256 0
17 “ ‘oL 1 30 27 3 93 0
18 “ “o. 3 68 65 4 119 1
19 ¢« “o 3 100 82 2 51 (12
20 “ “o 1 18 18 4 109 1]
Over20days............... 16 367 358 18 536 7
Totals.......... 384 7,509 5,409 139 3,707 32
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A number of the discoloured kernels were grown in sterile sand to the seedling
stage. Notes were taken on emergence, weak germination, seedling blight, and
severe and slight lesioning of the coleoptiles. Infection rates were calculated
using the following values: non-germination 5; weak germination 4; seedling
blight 3; severe coleoptile lesions 2; and slight coleoptile lesions 1.

Isolations were made from one hundred of the coleoptile lesions from
inoculated seed, and twenty-five lesions from check seed. Table 49 is a summary
of the sterile sand test and table 50 of the results of the isolations.

TaBLE 49.—GREENHOUSE TEST oF DIscoLoURED KBRNELS oF MARQUIS FROM HEADS INOCULATED WITH
H. sativum IN STERILE SAND

Number | Emeoerg- Weak Seedling Coleoptile Les. Infect.
Stage when inoculated of ence germina- | blight rate
kernols tion severs slight

Cheelk. . vveiviiiniiiiinennn, 200 155 24 0 19 28 26-7 -
Insheath............cooiue 10 1 0 8 0 500
Headed.......0oocovvvevennnns 40 18 6 6 16 2 78-0
Tlowering s 100 20 38 2 4 12 776
1 day after flowering, 50 13 19 1 5 6 74-0
« “ . NS 25 5 10 1 2 3 80-0
3 «“ “ 30 5 17 0 4 1 78-0
4 €« R, 100 14 49 4 10 4 83-4
5 «“ “o. 100 13 35 3 7 6 85-8
6 N . 100 16 45 2 8 7 80-8
7 £ £ 100 13 37 2 6 7 84.6
8 “ £ 100 14 46 5 13 1 85:2
9 “ “ 100 20 42 4 11 9 80-2
10 “ “ 100 18 36 3 12 6 826
11 «“ . 100 20 39 4 13 7 81.2
12 “ “ 100 23 43 4 12 11 77-8
13 £ T, 100 31 44 3 23 8 72-8
14 «“ “ 100 17 36 5 9 7 83-8
15 “« “ 50 15 16 6 11 4 812
16 £ o 100 29 45 5 21 8 75:0
17 «“ o 25 2 18 0 1 1 80.0
18 “ o 50 17 21 4 8 9 72-4
19 “ “ 50 8 21 3 6 2 84-8
20 « “ 10 1 9 0 1 0 76.0
Over20days................ 100 23 55 4 17 6 764

TaBLE 50.~RESULTS oF ISOLATIONS FROM LESIONS PRODUCED IN THE SAND TEst o KuRNELS FROM HEsDS
INOCULATED WiTH H. salivum

Source of lesions Number | Helminth- | Alternaria | Fusarium’ Unde-
of pieces osporium termined
From inoculated seed................... 100 99 0 0 1
From uninoculated seed................. 25 12 5 2 4

It is evident from table 48 that the fungus produced marked discoloration
in a high percentage (73 per cent) of the kernmels ag compared with less than
one per cent oceurring in the checks. Table 49 shows an average infection rate
of about 80 per cent in seedlings grown in sterile sand from discoloured seed and
table 6 demonstrates almost one hundred per ecent re-isolation of the fungus from
these diseased seedlings. Counts were made of all shrivelled or shrunken grain
from the inoculated and check heads. The checks yielded about 8 per cent and
the inoculated 12.5 per cent shrivelled kernels. It is seen that in this test little if
any shrivelling occurred as a direct result of infection by H. sativum, other
factors probably accounting for much of the lack of filling of these seeds.

An analysis of table 48 indicates that the inoculations produced a marked
reduction in the average number of seeds per head as compared with the checks,
in the case of those inoculated up to the third day after flowering. This cannot

2048717}
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be ascribed to mechanical injury in inoculation or to the presence of water as the
checks were treated in the same manner. After the third day there is little or no
such reduction as probably most of the seed had been sct at this time.

Rate of Growth of H. sativum at Different Temperatures and on Different
Media—In these tests the fungus was grown on potato dextrose, corn meal, and
oab agars, in petri dishes at scven temperatures. Inoculations of the plates were
made using dises, three millimeters in diameter, cut from nine day old cultures,
which were placed in the center of the plates. The tests were made in duplicate,
the average diameters of the two colonies for cach temperature on each medium
at the end of the seventh day being presented in table 51.

TasLp 51 —THE Rate o Growri or H. sativum oN Turer DirrERENT MEDIA AT SEVEN 'TEV[PLRAL‘URLS.
MEASUREMENTS ARE DIA\IFTFRS 1IN MILLIMETERS AT THE END oF THE SEVENTH DAY

Medium 4°C, i 12°C. l 16°C. [ 20°C. l 24°C. | 28°C, 1 32°C.
Potato dextrose agar......... 11-0 '98-0 35-0 75-0 90-0 73-0 71-0
Corn meal agar.............. 9.5 25-0 29-0 45-0 550 65:0 55.6
Oat agar..... e 11-0 6-0 575 85:0 90-0 88:5 755

The optimum temperature for radial growth of the fungus is between
25° and 28°C. Oat agar supported the most rapicd and corn meal the least rapid
growth,

Soil Moisture Tests with H. sattvum —Several experiments were run in the
greenhouse to determine the effect of soil moisture on the parasitism of the fungus
on wheat, Marquis was grown in one-gallon crocks in the greenhouse at the
following percentages of the moisture holding capacity of the soil: 35, 45, 55, 65,
75 and 85 per cent. One series of two crocks for cach moisture content was
inoculated and a similar series served as checks. Infection rates were calculated
on non-germination, seedling blight, severe and slight coleoptile lesions.- The
results proved to be somewhat conflicting, though in general the highest infection
rates were at the lower moistures, namely at 45 and 55 per cent of the moisture
holding capacity of the soil. Turther work is at present being carried on and it
is hoped that more definite results will be available by next year.

ALTERNARIA STUDIES
(B. J. Sallans)

In isolations made from sced wheat at this Laboratory for some years past,
Alternaria have appeared very commonly, often from large percentages of the
kernels. Some species of this genus have been proved to be parasitic on their
respective hosts, and the possibility of some form of damage to wheat was con-
sidered to be:important enough to warrant investigation. The studies here
reported were undertaken in an attempt to establish the significance of this very
common association.

A review of literature indicated that Alternaria have been found to be present
in seed wheat by several investigators and some ascribe a seed discoloration
gsomewhat similar to that causeéd by H. sattvum to this fungus

Thirty isolations.of Alternaria from wheat were used in these studies. Of
these twenty-two were from grains, five from roots, two from crowns and one
from a glume. They were obtained from widely separated points in the prairie
provinces. o
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Spore Trap Counts of Awr-borne Alternaria—Spore trap slides exposed at
Indian Head primarily for making counts of the wredospores of Puccinia
graminis were observed to have caught numbers of Alternaria conidia. Records
were made of these at Indian Head for the sunmers of 1928 and 1929, and at
Sagkatoon for 1929. The slides were exposed {or 2 day periods but for con-
venience the records were combined for 10 day periods. Table 52 gives the
results of these counts.

TanLE 52.—Sronre Trar Counts oF Aliernaria CoNiDIA DURING JUNE, JULY AND A UGUST AT INDIAN HEAD

. ror 1928 AxD 1929, AND AT SasKaToON For 1929
Indian Indian
Period Head, Head, Sasitg.zté) on,
1928 1929
June 1 6o June 10, . oouu i e e e e e 30 23 13
June 11 60 JUNC 20, o iiient i e 177 -51 20 -
June 2L toJune 80. . ... e 38 93 23
July 180 July 10, .. oei it e i e 146 115 27
July 11 to July 20, i iur i i e e e e 194 179 31
JUIY 21 60 JULY 0. v itti it e e e e e 750 126 50
July 81 60 AU, Jurniit it i e e e e e 1,071 27 72
Aug. 10 60 Aug. 10, i it i e i e 843 127 49
Aug. 20 10 AUZ. 20 ...t i e e 638 65 33

It will be seen that therc was a sharp increase in the numbers of conidia
caught on the slides from the 21st of July on through August in 1928 at
Indian Head. The number of conidia caught in 1929 were comparable with
those of 1928 up to July 20, but after that they were very much fewer. This
is reflected in the isolation of Alternarie from wheat grains matured during
the two periods. In 1928 an average of 70 per-cent of all wheat grains gave
Alternaria while in 1929 the average was less than 20 per cent. There is also
an evident correlation between the amount of ranfall and the nwmber of
conidia in the air. In 1928 the precipitation, during the period, June to August,
was f{airly abundant while the same period in 1929 was unusually dry.

The Stage of Development at which Alternaria Became Associated with
the Wheat Grains—Collections were made of Marquis and Kubanka heads at
intervals from the time seed was seb to maturity, These were driecd and stored
in clean envelopes until isolations could be made. One hundred seeds of each -
variety for each of the dates of collection were thoroughly washed in sterile
water and planted on potato dextrose agar in petrl dishes. The results are
summarized in table 53,

TanLe 53.—IsorATIONS FROM MARQUIS AND KuBANKA COLIECIED AT DIFFERENT STAGES 0¥ DEVELOPAIENT
70 DETERMINE THE STAGE AT WHICH WHEAT SEED BECAME INFECTED WITH Allcrnaria

Date : Marquis Kubanka
of Stage of development
collection Alternaria | Total fungi | Alternaria | Total fungi
Aug. 24....[Grain half normal size.................. 6 69 0 30
Aug. 81... . BEarly milko.ooooiiieinii i 8 51 10 28
Sept. 9., Milk,.oooiviiiiiiini i e 19 107 14 94
Sept. 18....Soft dough......oviveiiirii i 51 176 11 138
Oct., 8. JMature....cooore it 71 197 21 120
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The results for Marquis indicate the large increase of Alternaria in wheat
seed occurs In the late milk and dough stages. The results for Kubanka are
irregular, the numbers of Alternaric being much smaller at the latter stages
of development than were expected from other isolation tests of seed collected
from an adjacent plot. : '

Overwintering of Alternaria at Saskatoon.—Isolations were made on March
15 and April 17, 1929, from materials taken from field plots on those days.
Table 54 is a summary of these isolations. '

.

TasLe 54, —ISoLATIONS FROM DIFFERENT PARTS oF MATURE WHEAT PLANTS LEFT IN THE FIELD THROUGIL
THE WINTER

Number March 15 = April 17
Material of
pieces Alernaria | Other fungi| Alternaria | Other fungi

Beed. e 65 37 91 46 . 59

[0 B0 60 40 88 51 73
Rachises. . 10 5 15 9 8
Leaves...........s... 20 19 18 20 |. 28 °
Internodes......... 20 0 20 4 30
NOUCS. .v vt ee e i 20 6 23 9 34
OIS v et v et itae i e 20 0 42 0 25
oo~ S 40 0 45 0 41

This table indicates that Alternaric can over-winter in or on dead plant
parts left in the field. ‘

Pathogenicity Tests on Wheat with Alternaria Cultures—Pathogenicity
tests of all the Alternaria strains obtained from wheat were made 'in pots.
They were grown on ground oat hull medium and placed in the pots at seed
level. The seed, Marquis 70, was surface sterilized in mercuric chloride
(1-1,000) for 25 minutes and washed in four changes of sterile water. Tables
55 and 56 give the results of these tests. .

TaBLE 55.~TPot1 TEsTs or Alternaria CuLTURES oN WuEAT. FIrST SERIES -

Number Per cent lesioned Por cent, plants with
Culture No. ofd Emergenca coleoptiles lesioned roots
seeds
severe " slight severe slight
150 88 0 0 0 .0
150 102 3 11 0 6.
150 99 0 6 61 20
150 99 0 6 0 9
150 107 0 0 14 42
150 116 0 2 0 0
150 98 0 0 0 0
150 99 0 5 4 9
150 115 3 .0 0 0
150 106 0 3 4 2
150 109 3 3 0 1
150 109 2 5 25 5
150 100 3 5 0 © 16
150 111 3 3 0 0
150 107 2 0 0 0
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Tanus 56.—Pot Tests oF ALTERNARIA CULTURES oN WHEAT. SECOND SERIES

.

Number Per cent 1 sioned Per cent plants with
Culture No. of1 Emergence coleoptiles lesioned roots
seeds
severe slight severe slight,
Check X . 150 131 0 0 0
1b . 150 135 0 0 . 0
2.. . 150 134 0 0 0
] T .. 150 131 0 0 50
L 1 N . 150 122 0 7 26
Check...oovvvvvvniinns .. 150 132 0 0 0
T .. 150 140 0 4 2
TN 150 133 4 4 0
Bt 150 125 .92 0 0
100 150 121 0 0 0 1
Cheek...ovvveveninants 150 119 0 0 0
...................... 160 129 2 0 0
12, 150 122 0 0 29 40
I 150 134 4 0 46 30
14, 150 131 0 0 0 11
Check.ovvivvieninniii, 150 135 0 0 0 0
Bueernnieneieeiian 150 136 0 0 5 9
D T 1560 139 0 0 9 4
Cheek..vvvvveriiniiiiinanns 150 123 0 0 0 0
......................... 150 133 0 0 0 0
B0 e 160 126 0 0 0 0
1 150 131 0 0 0 0
Check..ovvvvieeeniiininan, 150 128 0 0 0 0

The poor emergence is probably due to excessive treatment with mercuric
chloride, possibly aggravated by considerable frost injury to the seed when
maturing. Lesioning of the coleoptiles is rare and in no case does it appear

to be significant. Certain strains apparently did produce distinet black or-

grey lesions of the primary roots. When these lesions were washed in sterile
water and plated on potato dextrose agar a few Alternaria colonies were pro-
duced, but a sterile, dark form of fungus appeared very consistently. This
form resembles Alternaria in culture quite closely, but efforts to cause sporula-
tion failed to establish any connection. The fact that this fungus did. not
appear-in the check or in about half of the Alternaria strains excludes the seed,
water and unsterilized soil as possible sources. All cultures from which the
form avose had been single-spored and appeared to be pure when grown on oat
hull medium. Considering all possibilities the most probable explanation seems
to be that the sterile form arose from the Alternarie cultures as “mutants’™
or “variants ” either in the oat hull medium or in the soil.

All the cultures were used in leaf inoculations on plants grown in the
greenhouse for three to six weeks. The inoculations were made by spraying
with conidial suspensions using an atomizer, the plants being placed in moist
chambers for two days. Suitable checks were sprayed with sterile water.
None of the strains produced any macroscopic evidence of infection, but they

all grew readily on dead spots of leaves without any evidence of enlarging the -

dead areas.
Spore suspensions of one of the Alternaria cultures were used in inoculating
wheat heads in the field at Indian Head and Saskatoon in 1928. These were

made when the grain was forming, when in the dough stage and after maturity.-
On harvesting, counts were made of discoloured grains in the inoculated and

check samples for the various dates of inoculation. No evidence was obtained of
any discoloration due to Alternaria inoculation. All blackened seeds were quite
evidently of the Basal Glume Rot (Bactertum atrofaciens) type.

OB INOOOOCOOD
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Head inoculations were also -made-in the greenhouse during April and
May of 1929, under conditions similar to and at the same time as those made
by Mr. G. A, Scott with Helminthosporium sativum mentioned elsewhere in
this report. The following (table 57) is a summary of this work:—

TaBLE 57.—REsvurrs FroM HEAD INoCULATIONS

_ Inoculated Check
series seriss
Number of heads............... . . .. . . 57-0 46-0
Number of kernels developed.. .. .. .. 1,542-0 1,115-0
Average number of grains per head e e e 27-0 242
Number of diseoloured grains......... ... e it 142-0 10-0
Average number of discoloured grains per head..................... P 2-49 0-22

Fifty of the discoloured grains were planted on agar in petri dishes, every
one yielding a colony of Alternaria. There seems to be some evidence here
that this fungus may produce some dlscoloratlon of wheat seed under 'very
favourable conditions in the greenhouse,

ﬂ{orpholog y and Cultural Studies—The thn‘ty isolations of Alternaria
were compared as to cultural characters on oat and potato dextrose agars
under the same conditions of temperature, medium and light. No two of the
cultures appeared to be identical in every respect, variations occurring in rate
of radial growth, amount of acrial mycelium, colour of submerged mycelium,
colony colour, and abundance of sporulation. Colony colour appeared to be
closely correlated with sporulation and varied from-a deep olive'green, where
spores were very numerous and aerial mycclium scant, to a light grey, where
_spores were few and mycelium abundant. Compauaon of the conidia of the
strains failed to indicate more than minor differences in spore size, septation,
form or colour. In this work sectors differing from the parent colony in one
or more cultural characters were of quite frequent occurrence, appearing in
sixteen -of thesthirty isolations.

_ Tempelatme studies were made on the.ratz of growth of four Alternaria
cultures: in petri dishes on potato dextrose, corn meal and oat agars. Slight
growth occurred at 4° C., and increased 1egularly to 24° C. The rate of growth
dropped off rapidly from 28° to 32° C. Sporulation occurred at all tempera-
tures. except 4° C., being most abundant at the highest temperatures. Of the
three media, oat agar gupported the gleatesf, growth at all tempelatmes and
potato dextrose the Ieast.

At present no attempt can be made to assign these cultures to species.
According to-:the groupings of species of Alternaric as made by Elliot (Am.
Jour. Bot., Vol. 4, pp. 439-475), and Mason (Annotated account of fungi
“received -at the Imperial Bureau of Mycology, Kew, Surrey, List II, Fase, I),
all the strains obtained from wheat readily fall into the A. tenuis group.

FUNGOUS FLORA OF WHEAT CROWN AND ROOTS

This study is an attempt to determine the number and kinds of fungi
inhabiting the crowns and roots of wheat grown in various parts of the western
provinees.” , The general procedure was the same as last season except that
isolations-were made only at the seedling, heading, and stubble stages of the-
crop instead of at monthly intervals. From these three isolations it is believed
that a fairly good survey of the fungi present was -obtained. The isolation
pleces were given a thorough- washing in sterile .water before plating. Plots.
of Marquis and Kubanka wheat were sown at the following Dominion Experi-
mental Farms and Laboratories: Morden, Winnipeg, Indian Head, Swift
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Current, Saskatoon, and Edmonton. A representative sample consisting of
fitty plants was collected and sent in by some member of the staffs of the
above-mentioned stations. This co-operation is gratefully acknowledged.

The isolations obtained from the Saskatoon plots are given in table 58.
Fifty pieces from the erowns and fifty pieces from the roots of each wheat
variety were plated as soon as the samples were collected,

Tasre 58.~Resurrs In PERCENTAGE or IsorATioNs FROM MARQUIS WHEAT GROWN AT SASKATOON IN 1920

Crown Roots
Daie Stage - -
'%l?nt{;ll Helm,| Fus. | Alt. | Rhiz. %lgfgil Helm.| Ifus. | All. | Rhiz.
June 7......... L Seedling........ 66 0 40 0 [} 94 0 62 0 0
July 18.......... Heading........ 42 16 12 0 0 28 0 8 2 0
Sept. 16......... Stubble......... 102 44 46 0 0 100 6 36 0 0
Results in percentage of isolations from Kubanka wheat grown at Saskatoon in 1929
Juue7..... ..., Seedling........ 76 0 46 0 2 118 0 60 12 0
July 18.......... Heading........ 92 36 28 2 6 92 0 36 4 2
Sept. 16......... Stubble......... 126 58 68 2 0 68 10 36 0 i3

TFrom the seedling sample a rather large number of fungi were obtained
among which Fusarium isolations predominated over Helminthosporium (H.
sattvum type). Helminthosporium was rarely isolated in any number from
roots. Later in the season, however, Helminthosporium isolations increased as
a rule much more than Fusaria. Similar detailed records were obtained for all
stations but it is not thought necessary to present them at this time.

A comparison of the total Helminthosporium and Fuserium isolations
recorded for cach station throughout the season can be seen in tables 59 and 60.

TanLe 59.—ToTAL PERCENTAGE oF Helminthosporin ANp Fusarie IsoLameEp FROM MarQuis WaHEAT
GROWN AT THE VARIOUS STATIONS

Crown Roots
Station Helmintho- " Helwmintho- .
sporia Fusaria sporit Fuserin
Morden...ooiieeiii i i 246 3446 8.6 40- 6
Winnipeg........ 10-0 413 3-3 30-0
Indian Iead 13-3 31-3 0-6 15.3
Baskatoon, vt e e e 20-0 326 2-0 35+3
Edmonton. .ove e i e e 2-0 32.6 0-6 0.9

TABLE 60.—~1orAL PERCENTAGE oF Helmwnlhosporin ANp Fusaria Isonarep FroM KupaNka WHEAT
_GROWN AT THE VARIOUS STATIONS

Crown Roots
Station - -
" esl;;g;lifz]m_ Fusarie H?;;Z_’Efl]w' Fusaria
B 07 e T P RN U 19-3 15.3 6-6 26-0
Wimnipeg........ 73 39-3 2.6 18-G
Indian Head.... 26-0 32:3 9-3 20-0
Saskatoon...., 31-3 50-3 3-3 440
Edmonton. ., ouere i iiiin et 3-3 32.0 0-0 19.3
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With the exception of Morden every station shows a much lower pereentage
of total isolations than it did last year (see our report for 1928). This is
possibly associated with the gencral dry season of 1929 and it is hoped that
a complete analysis of the weather data will be possible when the results of
this investigation are finally summarized. The large number of Fusaria isolated
have been grouped and are being studied. This season’s work did not show
clearly that there were any great differences in-types of Fusaria isolated from
the various samples. A small number of isolations of Rhizoctonie were made
from samples from all the locations. A Bofrytis was isolated from the roots
of Kubanka wheat grown at Indian Head.

SEep WHEAT DISCOLORATIONS

The studies on seed wheat discolorations and abnormalities have been con-
tinued. Some field experiments were run but these were merely. of an informa-
tive nature and were not cxtensive. _

IHistological studics of normal and abnormal grains have heen given most
attention during the past year.

Normal Kernels—The development of the wheat kernel from fertilization
to maturity has been followed and the various stages illustrated. TFrom the
standpoint of diseases caused by parasites, the formation of the testa and the
thickening of the epidermis, are of particular inferest. It would appear that
after the soft dough stage it would be difficult for the fungus to penetrate heyond
the testa, even if it had passed the epidermal layer. The mature grain is well
protected against most parasites.

Basal Glume-rot (Bacterium atrofaciens) —Histological studies reveal
large pockets of bacteria in the parenchyma of the pericarp at the embryo end:
there was no evidence of bacterial invasion beyond the. testa and the embryo
tisues appeared normal.

Scab (Fusarium spp.)—XKernels so severely affected that they resemble
mummies, show the mycclium of the fungus in all tissues, pericarp, aleuron, .
endosperm and embryo. Such kernels never germinate. When a kernel is
moderately affected, the fungus is particularly well established in the aleuron.
Spreading from the crease towards the dorsal region, it appears to enter the
embryo through the scutellum and is soon well established there. The endo-
sperm is invaded later.

Black Pownt or Smudge, (Helminthosporium sativum and probably other
Jungi) —The work on this type is only in the preliminary stages.

Prebald —This condition appears to be cntirely an affection of the endo-
sperm; the embryo in all of our examinations was normal in appearance. When
thin sections are ground down the cracks or fissures (mentioned by Percival and
others) in the endosperm radiating out from the creasc can be readily seen.

I'rost Injury—There are different degrees of frost injury depending upon
the stage of development and exposure to frost. Kernels showing a crinkled or
blistery appearance were considered in these investigations. When prepared
slides are examined the wrinkling of the pericarp is of course noted, and it is
seen also that the parenchyma tissues arc somewhat ruptured, in many cases the
epidermis of the pericarp appears to be torn completely away from the other
tissues. What appeared to be lesions weve noticed occasionally in the tissues of
the embryo.

.. Green Kerncls—The various shades of green noticed in some kernels are,
it is believed, due to the remains of chloroplasts of the chlorophyllous layer or
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cross layer. Normally these disappear as the grain matures. Any condition
which interferes with normal ripening may produce green grains. When the peri-
carps of such. grains are examined, the cloroplasts in the cross layer are readily
observed. Also other indications of immaturity can be noted, such as a few
cloroplasts in the parenchyma of the pericarp and masses of tiny starch grains
in the same tissues, especially over the embryo and in the crease region.

Pink Kernels—TFrequently kernels showing various shades of pink to red
coloration appear in samples. This should not be confused with the pink spore
mass of the secab fungus. The embryo and endosperm, with the exception of
signs of immaturity, are normal. The coloration appears to be in some part of
the pericarp and further studies are needed in order to determine its significance,

Roor-roT Survey ror 1929

The staff of the laboratory carried on the survey in a manner similar to
that of last season, no special trips were made, but observations of our regular
root-rot study fields and following up inquiries made it necessary to cover all
the important crop districts of Saskatchewan. The extremely dry weather
interfered greatly with the diagnosis of these diseases. The following is a sum-
mary of the results:

Total fields visited and reported—
Wheat

TaBLE 61, —DiIsTRIBUTION OF Ro0T-ROT TYPES AND SEVERITY IN DIFFERENT CEREALS

Crop Root-rot type Trace Stight | Medium | Severe Total
Wheat....|JA. Takeall..,..............cooiiiia 49 15 5 7 76
B, Pre-maturity blight................. 17 3 0 1 21
C. Browning.........voveeneninaneeanins 35 49 16 2 95
D, Helm. and Fus........ovvvviininnn. 111 142 95 16 364
Normal 59
Oats...... Bl e 2
............ 47
Normal 47
Barley. .. A e e 1
B.oiviiiiniins 1
[ U 8
Dol 44
Normal 22
Rye...... 0 1 0 0 0 1
D 2 11 0 0 13
Normal.e. oo ivir i virineennaeeeoveiiecdveein 3
Flax......l....Normal...ooo oo ieiieeeeee ) e e 3
Totals,...... oo 249 269 128 27 807

The outstanding difference this season was the predominance of “D” type.
Good cases of pre-maturity blight were difficult to distinguish as in general the
dry weather caused the plants to ripen rapidly. There were not as many cases
of take-all reported but in all probability the symptoms were masked by lack
of rain.

Three fields of flax were examined and reported normal. A sample of flax
was received from Swift Current whieh apparently was suffering from root-rot,
but the extent of the injury was not determined.
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There were 481 fields of wheat examined and in these the pereentagé dis—
tribution of types are as follows:—

Tields havmg 717 1 TP AP 297 or 61:7%
2 types.. 122 or 25-3%

« 3 types... 7or 1-49

“ 4 types.. e e e e e e e

“ [0 57 T P 58 or 11-6%

In eomparing the estimation of damage for the past two seazons and for all
types, the reeords are as follows:—

S 1 1998 1929

Total number of cases,.....o...coovviniinn. A 531 807
per cent per cent
NI DT UL Y L v vttt e et et et e e et et e it e e et e ey 18-9 165

Injury trace........ooovvvunnn.. ) . 401 31-00 -
“oglight....oooooe L 27-1 333
“ moderate 10.7 15-9

severe......... N N : 32 3.3

ROOT-ROT TIELD INVESTIGATIONS

Last season nineteen fields supposedly suffering from' a ehronie root-rot
eondition were seleeted for a survey study to eover a period of years. This
season all of these fields were visited and eareful notes made. One field was
dropped from our list as being unsuitable, while three new fields were added.
These twenty-one fields are seattered over the provinee and represent fairly well
the various erop districts. Other fields will be added from time to time unbﬂ in

all probability a total of twenty-five are seleeted.

The very general dry weather this season interfered greatly with diagnosis
so that taking notes on the various ficlds was a diffieult task. Plans of eaeh field
were drawn up and will be useful in eompiling the data obtained to date. There
were no outstanding relations noted exeept the general prevalenee of Helmin-
thosportum and Fusarium type of lesions. It is ndt thought neeessary to report
here the mass of detailed notcs obtained so far.

GENERAL NOTES

For the past three seasons some tests were earried out in the greenhouse and
field, the objeet of whieh was to study the reaetion of the wheat plants when the
root system is injured by artifieial means. These tests werc merely of an
exploratory nature but the results have proved so interesting that it was thought
wise to study the data earefully, to see if it could be interprcted in the light of
root-rot symptomatology. . It is hoped that the details of these tests can be eol-
leeted and published as a separate paper. It was determined that when the
seminal roots are amputated or the suberown internode severcd before erown
roots were well established, the plants suffer a great shoek and often die. When
erown roots are amputated the injury is about in proportion to the number of
roots lost. Plants whieh reeover, show the ill effects of the injury throughout the
remainder of their period of growth, never eompletely reeovering from the set-
baek brought on during the shock period. There is some evidenee to show that
erown root injuries tend to eneourage maturity, while injuries upon the suberown
internode or seminal roots, cause a delay in ripening. Such reaetions are of
interest, for eertain of the oot rot diseases appear to influenee the plants in a
similar manner.

Our test on moisture in wheat in relation to the fungous eontent, viability
and so forth was eut down eonsiderably this year beeause of the very dly season.
Enough samples were run, however, to maintain eontinuity and 11 1s hoped to
-enlarge this test in the near future.
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Smud Investigations
(I. .. Conners)

The experiments in 1929 were limited to a study of recent methods of
controlling wheat bunt and the smuts of ‘oats by seed treatment.

Wheat Bunt

Bunt in durum wheat continues to be a serious disease in this crop. Approxi-
mately five per cent of all the durum wheat inspected by the Dominion Grain
Tnspection Service in Winnipeg was graded “smutty” in 1928, and, of a large
number of samples examined personally, 75 per cent showed at least traces
of bunt. In addition many farmers have reported that they found it difficult
1o control bunt in durum wheat. In the experiments conducted in 1928 bunt
balls were present in the grain when it was treated. TUnder these circum-
stances only the formalin steep treatment, where the grain was immersed in
the formalin solution and the bunt halls floated out, satisfactorily controlled
the bunt. The amount of bunt that developed in the remaining plots strongly
suggested that. the other treatments were unreliable. For these reasons experi-
ments on a somewhat larger scale were carvied out this year at Brandon, Man.,
and Indian Head, Sask., in co-operation with the Dominion Experimental Farms
at these places.

Mindum wheat from the previous year’s experiment was used for seed.
The seed was inoculated with bunt spores at the rate of one part of smut to
400 parts of seed by weight. Bunted heads of the wheat had been collected
at the close of the previous experiment. These were crushed in a mortar and
the spores were passed through a 200-mesh sieve to free them from chaff and
awns., The spore load of 1:400 here used completely fills the limited brush
of the durum wheat seed and gives a scarcely noticeable coating of spores over
the rest of the seed. As the brush of the seed of common wheat is more
-extensive a heavier spore load must be used to make the inoculation comparabie.

As the bunt balls tend o remain intact in durum wheat some of the treat-
ments were duplicated, using inoculated seed that also contained unbroken
bunt halls. TFor this purpose bunt balls from the same source as the spores
were added to a portion of the inoculated grain at the rate of 2 parts of balls
to 100 parts of seed by weight. By count this rate was equivalent to almost
4% bunt balls per 100 seeds.

An examination of the spores from 25 heads taken individually showed
that the bunt was due entirely to Tilletia Tretict, ,

After inoculation the seed was treated as follows:—

(1) Formalin Sprinkle—Through the kindness of the Chemistry Depart-
ment, Manitoba Agricultural College, Winnipeg, Man., the formalin used in
these experiments was analyzed by them for the writer. Analysis showed that
it contained 38-4 per cent of formaldehyde. The standard” formalin solution
of 1 pint of formalin to 40 gallons of water was made up to strength. Instead
of sprinkling the seed with the solution, the seed to be treated was placed in an
Ehrlenmeyer flask of suitable capacity and 12-5 cc. of formalin solution were
added for each 100 grm. of seed. "This is equivalent to £ gal. of formalin
solution per bushel. The flask was then corked and shaken until the seed was
evenly webted, The amount of liquid was sufficiently limited so that the seed
would readily absorb it all. After a thorough shaking the seed was transferred
to a beaker, and was covered with filter paper previously moistened with the
formalin solution. The seed was then allowed to stand four hours, after which
it was spread out to dry.
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. (2) Dust Treatments—The dusts were applied at the rate of 3 ounces per
bushel. The seed was shaken with the dust in an Ehrlenmeyer flask until
the seed was evenly coated. Three dusts were used, namely:—

Deloro copper carbonate is a brand of copper carbonate containing 20 per
cend of copper. It is manufactured by the Deloro Chemical Co., Toronto, Ont.

Mococo copper carbonate is a brand containing 50 per cent copper, ie. it
is a commercially pure copper carbonate. It is manufactured by the Mountain -
Copper Co., San Francisco, Calif,

Jeresan. The active principle of Ceresan is ethyl mercury chloride. This
dust is manufactured by I. E. du Pont de Nemours Co., Inc., Wilmington, Del.

(3) Concentrated Solution Treatments—The organic mercury compounds
were first used in dilute watery solutions. The seed was soaked in the solution
from one-half to two hours. Through the absorption of -considerable water the
seed in consequence was difficult to dry. "On the other hand these compounds
were costly when applied as dusts, The worker also found the application
of the dust to the seed and the subsequent sowing of the treated grain disagree-
able, and frequently dangerous to his health, Moreover the dust treatments did
not give consistent results. Gassner (cf. Rev. Appl. Mye. 6:278-9, 1927) sought
to combine the advantages of the two types of treatment by using more con-
centrated solutions of the compounds and applying smaller quantities of liquid.
TFor treating seed on a large scale, revolving drums, similar to those used in
applying dust fungicides, must be used so that the liquid may be spread quickly
and uniformly over the surface of the seeds. Gassner reported considerable
success in the control of wheat bunt by this method. '

Four organic mercury compounds were applied by this method.  Half of
one per cent solutions were used throughout. The seed was placed in an Ehrlen-
meyer flask for treatment, 5 cc. of the liquid were added, and the fagk wvas.
shaken immediately. Dhe shaking was continued until the liquid was distri-
buted as an even film over the seed surfaces. . The seed was then transferred to
a beaker, where it was covered for one hour. After treatment the grain appeared
as dry as seed treated by the formalin sprinkle method, and, in practice, could
be sown at once without drying. Two of the orgamic mercury compounds,
Germisan and Tillantin, are preparations well-known in Germany. Du Pont.
No. 12 and Semesan are du Pont products. ,

The above treatments were carried out on the smutty grain. In addi-
tion, the formalin sprinkle and the dust treatments were repeated, using the
smutty grain containing bunt balls, ‘

Besides the above experiment with durum wheat, another experiment was
conducted in which these treatments were repeated using smutty common wheat.
Ceres wheat from the 1928 crop was inoculated with bunt spores at the rate
of one part of smut to 250 parts of seed by weight. The hunt material was from
the same source as used in the durum wheat. As it has been abundantly proved
for common wheat that the bunt balls must be removed before or during treat-
ment if the treatment is to be effective, the part of the experiment where bunt.
balls were added to the seed was not ineluded.

The seed was treated at the Dominion Rust Research Laboratory, Winni-
peg, Man, A part of each lot of treated seed was sent to the Dominion Ex-
perimental Farms at Brandon, Man,, and Indian Head, Sask., where it was.
sown, _ , _

Tach lot of treated seed was sown in single rod-rows in quadruplicate, at.
the rate of 20 gram. per rod-row for durum wheat and 15 gram. for common
wheat respectively. : _

The percentage of bunt was estimated by making two counts of 100 heads.
gach from each row and recording the number of bunted heads. The percent-
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age for each treatment was, therefore, based on a count of 800 heads. In
order to detect with certainty infected heads in durum wheat, a section of each
row was cut out with a sickle, the required 200 heads counted out, and then the
heads in groups of two or three were cut through several times with shears.
The results of these experiments are shown in table 62.

Weather conditions were unusually favourable for the development of wheat
bunt thig past season in western Canada. The season permitted early sowing
when the soil temperature was comparatively low, and, in addition, no rain fell
during- the early part of the growing period. In the untreated plots 50 to 60
per cent of the heads of the durum wheat were infected, while 20 per cent of
bunt developed in the common wheat. As is shown in Table 62, the formalin
sprinkle “treatment most effectively controlled bunt, but, under the unusually
favourable conditions for its development, a small amount of bunt occurred
even with this treatment. Of the dusts, Ceresan gave quite satisfactory results.
As this fungicide has not been previously tested, so far as I am aware, in Wesgt-
ern Canada; and, as it has proved satisfactory against oat smuks, as also in
experiments to be reported later, it deserves to be tested further againgt these
smuts. Mococo copper carbonate was almost as effective as Ceresan, while the
Deloro brand failed to control the bunt in durum wheat. These results agree
with thoge of last year. In previous experiments with common wheat, brands
of copper carbonate such as Mococo, which contain 50 per cent copper, have
given hut slightly better control than brands of only 20 per cent copper content,

“but the difference has never been considered sufficient to warrant the recom-
mendation of brands of the first mentioned class, on account of their greater
cosb. In the light of these experiments, however, only Mococo and similar
brands containing 50 per cent copper may.be recommended for the control of
bunt in durum wheat,

TasLe 62.—ConrtroL or Bunt 1x Durun AND ConaioN WHEATS BY SEED TREATMENT

Percentage of bunt in
Treatment Durum wheat Common wheat
§ Indian | Indian
Blﬁ;(}lon, Head, Bll\%?:ion' Head,
' Sask i Sask.
Bunt balls absent— .
Formalin sprinkle.....coooiiiiiiiiiiiiiinaenannns 1.5 0-1 0-8 0-1
Dust treatments—
Deloro copper carbonate.....oooovviviiiiiiinn, 10-6 12-5 1.4 5-0
Mococo copper carbonate. . .. .ovieereiiieiiiaians 1.8 2.8 0.4 0.9
CorESAN. .. vt v i i i 1.4 0-8 1.6 1.9
UntrEATED (check) 64-3 51.8 21.0 204
Concentrated solution treatments—
(€ R T 6.9 2.8 2:5 2-9
DuPont No. 12, ieiiiiiiiii i 9.1 3.4 4.8 3.3
Semesan 41-4 18.0 9:1 11.3
THllaIbIN. e ettt i e i i 3-0 1.3 1-8 2.5
UntREATED (elieck)...ovvieiiien i i, 67-0 52-1 19.4 20-6
Bunt balls present— :
Formalin Sprinkle. . .vveeveiiiiieiinieiinneanenns 4-3 08 [oveeevvveadooiiiii i
Dust treatments—
Deloro copper carbonate........oooiveiiniin.. 20-5 173 |
Mococo copper carbonate 14.5 193 [t
CeIeSAN. vt i i i i e 6.3 39 Lo
TUNTREATED (clteck).oovvvvein i cieiennnans 59-9 850 |verniiiiii]ieianiiiia

The results obtained with the organic mercury compounds, where the seed
was treated with concentrated solutions of the compounds in water, were dis-
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appointing.  Tillantin and Germisan can hardly be considered effective under
the exacting conditions of these experiments, but, by inereasing the concentration
of the solution or the-amount of liquid applied, these fungicides may prove
effective. It iz very doubtful whether Du Pont No. 12 or Semesan could be used
successfully.

The addition of bunt balls to the smutty grain gcwtly lmpalred or com-
pletely destroyed the value of the seed treatment. Nor'is it to be supposed
that the quantity of bunt balls that was added was excessive. Samples of
smutty durum wheat having an equal or greater content of bunt balls have
been flequent]v observed. This experiment proves conclusively -that durum
wheat is no exception to the rule that the bunt balls must be removed from the
grain, if seed treatment is to be successful. Their removal.can be only
wLomp] hed by careful fanning before treatment, or by 1m1n01s1ng the grain
in a liguid fungicide and floating out the bunt balls

In addition to the above experiments on the control of bunt in common
wheat, several other fungicides were tested in an experiment at Charlottetown,
PIEI  As very little bunt devecloped in the untreated rows there, the results
are worthless,

LOOSE AND COVERED SMUTS OF OATS

Seed treatment experiments in the control of covered smut of oats and,
to a limited extent, of loose smut also have been conducted in the Prairie
Provinces for several years. Similar experiments have been carried out inde-
pendently at some of the Dominion Laboratories of Plant Pathology in Eastern
Canada. This year these experiments were replaced by a uniform series of
experiments with both smuts under the direction -of the- writer. Nine places
co-operated in carrying out the experiments, viz., the Dominion Experimental
Tarms at, Brandon, Man., and Indian Head Sask.; and the Dominion Laboratories
of Plant Pathology at Tdmonton Alta.; Saskatoon Sask.; Ottawa, Ont.; Ste.
Annc de la Pocatitre, P.Q.; Fredericton, N.B.; Kcntville, N.S.; and Oharlotte—
town, P.I8.I.. The seed was inoculated and treated at the Dominion Rust
Research Laboratory, Winnipeg, Man. -The co-operating stations sowed the
seecdd and took care of the plots. In addition the various laboratories made
the smut estimates and collected other data on the experiments.

Longfellow oats from the 1928 experiment at Indian Head were used for
seed. They were treated by the standard formalin steep method, and then
spreacd out to dry. The following day the seed was thoroughly washed in three
changes of water to remove all traces of the formalin, and then thoroughly
.dried. This precaution was taken to insure that the seed was free of any
previous contamination of smut.

As loose smut of oats is more prevalent in Tastern Canada than in the
West, collections of both loose and covered smut from' the two 1eg10ns were
used in these experiments. As far as possible the seed to be sown in a given
- provinece was inoculated with smut from that province. Tive collections of
loose smut were used in the experiments. These were labelled as follows:
No. 1 from a field near Kentville, N.S., showing 24 per cent of loose smut and
10 per cent of covered; No, 2 from Fredericton, N.B.; No. 3 from Charlotte-
town, P.EIL; No. 4 from the smut plots, Winnipeg, Man.; No. 5 from a field
at Ste. Anne de la Pocatiére, showing 12-15 per cent of smut. The three
collections of covered smut used originated as follows: No. 6 at Kentville, N.S.,
from the same field as No. 1; No. 7 from Fredericton, N.B.; and No, 8 from
the smut plots, Winnipeg. Collections 3 and 8 of loose and covered smut
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respectively were from strains of two smuts which have been used extensively
in previous experiments by the writer in the Prairie Provinces. A fresh collec-
tion of each strain was made each year for the next year’s experiments.

As far as it could be determined by microscopic examination of the spores -
each collection appeared to be composed entirely of Ustilago Avenae or U, levis.
As a further check, at Brandon and Indian Head the plots were examined for
admixtures. In the experiment at Brandon using loose smut from Kentville,
11 per cent of the smutted heads were destroyed by covered smuts. In the
other experiments at Brandon and Indian Head only traces of -admixtures were
observed.

Spore inoculum was prepared from each collection as follows: the smutted
heads were crushed in a mortar and the spores were freed from the chaff by
passing through & 200-mesh sieve. The spores from each collection were kept
separately in dry well-stoppered bottles. After working with a collection, all
utensils were thoroughly washed and dried to prevent the carrying over of spores
from one collection to the next. IBach lot of seed was inoculated separately,
the spores being applied to the seed at the rate of one part of smut to 1,000
parts of seed by weight. The seed was shaken with the spores in a covered
pail until the spores were evenly distributed on the seed. Sufficient water was
then added to wet the seed, and the whole again vigorously shaken. The
inoculated seed was kept moist for 24 hours, and then spread out to dry slowly. .

" The recent, work of Gage on these smuts suggested that this might be a satis-

factory procedure. The seed was inoculated a month before it was treated.
The seed was treated as follows;—

(1) Formalin Treatments—Formalin was used as a fungicide in two dif-
ferent treatments, which I have called the “sprinkle” and “spray” treatments
respectively, although the details of the treatments have been modified to some
extent. In the sprinkle treatment the usual formalin solution of one pint of
formalin to 40 gallons of waber used..”The seed to be treated was placed in a flask
and 22 cc. of the solution were added for each 100 gram ‘of seed. This rate is
equivalent to & gal. per bush. The flask was shaken vigorously until the
liquid was evenly distributed throughout the seed mass. - The seed was then
transferred to a vessel where it was kept coveréd for 4 hours with filter paper

‘moistened in the formalin solution. After treatment the seed was spread out

to dry.

In the spray treatment a fornalin solution containing 1 pint of formalin
to 8 gallons of water was made up. The seed was placed in a flask and 4-4 cc.
of the solution were added for each 100 gram of seed. This quantity of the
concentrated solution was used as-it -contained the same number of units of
formaldehyde gas as 22 co. of the standard solution used in the sprinkle treat-
ment. The flask was then vigorously shaken until the seed was evenly wetted.
The seed was then covered for four hours, after which it was spread out to dry.

(2) Dust Treatments—The dust fungicides were used at the rate of 3 oz.
of dust per bushel of seed. They were applied by shaking the seed with dust
i a flask until the grain was evenly coated. Two dusts were used, viz., Smuttox
and Ceresan.

Smuttox is the trade name, adopted by the Grasselli Chemical Co., Cin-
cinnati, Ohio, for a dust prepared by mixing formalin with infusorial earth.
Their product was used in these experiments. Ceresan is a Du Pont dust,
which was also used against wheat bunt, '

(8) Concentrated Solution Treatments—These treatments do not need to
be discussed at length, as considerable space has already been devoted to them
204378
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under a similar heading above (see page —). Germisan, Du Pont No. 12, and
Semesan were the organic mercury compounds used. Half of one per cent
solution was applied to seed, at the rates of 4, 8, and 12 cc. per 100 gram. of
_seed respectively, and one per cent solution at the rate of 8 cc. per 100 gram.
Thé seed to be treated was placed in a flask, the required amount of solution
added, and the flask shaken, until the liquid was evenly distributed over the
seed. The moist seed was kept covered for one hour, and then spread out
to dry.

The formalin and dust treatments were included in every experiment, but
only one organic mercury compound was tested by the concentrated solution
method at each station, except at Brandon and Indian Head, where all three
were included.

The results of the seed treatment experiments for the control of the lcose
and covered smuts of oats are given in tables 63 and 64, respectively. The
amount of smut that developed in the untreated check rows varied greatly at
the different stations, although the same method of inoculation and, in many
instances, the same spore material were used at more than one station. In
-general, at the stations in the Prairie Provinces smut development was geod,
while at the Bastern stations smut did not develop sufficiently in the check rows
to make the results from these experiments of more than confirmatory value.
These experiments show conclusively that the formalin sprinkle and spray
treatments controlled both smuts satisfactorily, eliminating the smut entirely
in most instances. The dust fungicides, Ceresan and Smuttox, were both highly
efficient. Several dusts have Dbeen tested by the writer in' former years in
experiments for the control of covered smut in common oats, and in no instance
were the results as promising as they are here. The volatile nature of the active
principle in each of these two dusts probably accounts for their cffectiveness
in oats, where the caryopses are enclosed by the glumes. '

The concentrated solution treatments with Germisan, Du Pont No. 12, and
Semesan were unsatisfactory. None of the treatments with Du Pont No. 12
and Semesan effectively controlled these smuts. Of the four treatments, in
-which Germisan was used, the latter two may have been said to have held the
smuts in control, reducing the infection on the average to about one per cent.

Two lots of 100 seeds each of each treatment were sown in rows in the
open at Charlottetown, PI.I., Fredericton, N.B., and Ste. Anne de la Pocatiére,
P.Q., and the percentage germination recorded. The results show that these
fungicides cause no injury to the germination of the seced, the treated seed
germinating in every case almost as well as the check.

Rod-rows of the two experiments at Ste. Anne de la Pocatitre, P.Q., were
harvested and the yields determined. The probable error of each experiment
was calculated by the .deviation from the mean method. The difference in
yield between the check and any one of the treatments, or between any two
treatments, would not be considered significant, as the greatest difference in
the yield of any two treatments was 2-2 times the probable error of the
difference.

Thanks are due to the Laboratories and Ixperimental Farms which co-
operated in conducting the experiments here reported.
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TABLE 63.—ControL OF LoosE SMuT IN OATs BY SEED TREATMENT

Pereentage of Smut
g
Treatment g f‘i < R
=l 8 SR S - -
) 2 2 23 - g 8 g
5 |18 |8 88 4 g./8.18.12.] 8
i | 8 [ 3 | <8 | B |vd | gd | B | 8| &
B |9 | B | (o882 | 83| 28| 28| 85| B
§% | 84 | 3~ 88 | 2O | 2R T | w0 b 54
M =5 O »n o m i @ ] <
TFormalin treatments—
Sprinkle.....ooivviiiiiiiiiii 0-0 0-0 0-0 0-0 0-0 0-0 0-0
1S ) V5 0-0 0-3 0-0 0-0f .0-0 0-3 0-1
Dust treatments— .
SmMutbox. . ..oovii e 0-0 0-1 o0-1f o0-1 0-0f 1-1 0-2
(073 e T2 | U 0-0 0-4 0-4 0-0 0-1 1-0 0-3
UnrreaTeD (check)...............o.. 1-4 2.3 2-9[ 13.5 15.4 21.1 8-2
Concentrated solution treatments—
Gelmlsrm 05 per cent sol., 4:100.... 1.4 2-1...... 6-9 7:3] 16:5 G-8
0-5 8:100....| 0-3|.. 0-1 2.1 2.6 79 2.6
“ 0-5 “ 12:100....| 0-2 0-1f. 0.4 0.5 2:9.. 0-8
“ 1.0 “ 8:100....| 0:3|.. 0-1;. 0-1 0.3 2.3.. 0-6
UntrEATED (check)....vvuvnveinn.s, 21 43 13-6/ 14.9] 19-0 10-8
Du Pont No. 12 0-5 per cent sol.,
............................................... 9:5 7.9...... 9-3
Du I’ont No. 12 0-5 per cent sol.,
................................... [ X1¢] [N PRV PPN - 27! I T3 | PR 4.3
Du Pont No. 12 0-5 per cent sol.,
.................................. 23] [ IR RN I 27! S Y | BN 2.8
Du Pont No. 12 10 per eent sol.,
................................... 2:3.oeeii et 3-8 2.5 ..., 4.0 3-2
UNTRE \'mD (eheek) . vvovveevia]on 1-5)...... ...l 17-5] 17-4)...... 12.0[ 12-1
Semesan 0 5 per eent sol., 4:100.....|......].. Lol 1246 .. ... 9.8 12:8 Td|......0...... 10-6
« “ 8100, ..ot 57 ...... 10-8|  5-1f 12-9f......]...... 8.6
“ 0 -5 “ 12:100.... .o ] 4.2 ... 5.4 2.4 3:5...... ... 3.9
Semesan, 1-0 per cent sol., 8:100. .. .{......]...... 6:0/...... 7.3 16 54f......f...... 5.1
TUNTRRATED (eheek).oovenen oo 1044]...... 8.8 14-4f 12:3f......[...... 11.5
Colleetion of Smut used.............. No. 1|No. 2{No. 3[No. 5/No. 5{No. 1{No. 5|No. 4/No. 4|......

20437—8}




116 »

TaBLE 64.—ConTroL or COVERED SMUT IN OATS BY SEED TREATMENT

Percentage of Smut
)
Treatment =l 8 -3 5] '?3 . -
< 2 8. | eg o i g §
2ol 2 89| B d. |8 aulSulEsl B
2o | 8M | =g | <8 | BEL | BE S8Rl a5 ) o8 I
B | Be | 5T = 1= I = < I g5 ]
8% | 87 | 3m | 8/ | £SO | 2 B2 | go | g ¢
2] =1 O ®» | O J43] = n ] ]
Tormalin treatments—
Sprinkle........ooooii L 0-00 0.1 0-0f 0-3; 0-1 0-1 0-00 03] 0-00 0-1
SPIaY . cv 0-0 0-1 0-0f 0-1 0-00 0-00 0-0f 0-3 0-00 0-1
Dust treatments—
Smuttox.....oooviiii i - 0.1 0-00 0-3 0.9 1-00 0-00 0-5 6-3 1-4 1.2
CoreSan. ..ov et v e vine e, 0-3 0-3 0-0 0-5 1.1 0-1 1:0 0.9 3.8] - 0.9
UntrEATED (check),................. 2.0l -5-4 6.6 7.0 23-5| 14-8} 16-5| 19.5| 31-5 "14.1
Concentrated solution treatments—
Grermisan 0-5 per cent sol., 4: 100 1-1 6-4f...... 11-5( 13-3] 14.8]...... 9.4
“ 0-5 “ 0-4 2-4{...... 2-3 49 8.4f...... 3.7
“ 05 “ 0-2.. 1-0]...... 0-9 1.6 3-1...... 1.4
“ 1-0 “ 0-2f.. 1:3...... 0-3 1-0 2.8[...... 141
UxnrrEATED (check).................. 1-5 6-0...... 16-8| 15-3] 21-0[...... 12-1
Du Pont No. 12 0-5 per cent sol.,| -
4:1000 .. . e 1049 11-7] 15-5...... 23-8] 15-5
Du Pont No. 12 0-5 per cent sol.,
.............................................. 55 5.6......1 25.0{ 10-4
Du Pont No. 12 0-5 per cent sol.,
.................................. 4.5 .. 0] 341} 448)......] 13:B] 6.4
Du Pont No. 12 1-0 per cent sol.,
8:100. . uee e A4l 1-6 4.5...... 146 6-3
UntrEATED (cheek)..................|...... 150 ... 15-0[ 19:3]...... 33.00 19-7
%emesan 0 5 per cenb sol., 4:100.....}......{...... 9-9(...... 19-01 13-6 16-4l......01...... 14.7
8:100.....f......0...... 12-4)......1 21-6] 7.1 12-0......[...... 13-3
“ 0 5 “ 12:100.. ... .ol 9-3...... 12-6 5:0 T8 87
“ 1-0 £ 8:100.....f......]-..... 10-4|...... 14-1 7-4] 11-0[......[...... 10.7
. UNTREATED (check)........ooooooiooii]en.s. 16-9]...... 21:6] 16-8[ 17-1|......0...... 18-1
Collection of Smut used.............. No. 6/No. 7/No. 8iNo. 8No. 8/No. 6/No. 8{No. 8 No. §|......




SECTION 1V

INVESTIGATIONS OF THE DISEASES OF FRUITS AND
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REPORT OF THE DOMINION PLANT PATHOLOGICAL LABORATORY,
SUMMERLAND, B.C.

(R. H. McLarty, Officer in Charge)
ZINC CHLORIDE IN THE CONTROL OF FIRE BLIGHT

J. C. Roger

The investigation, as to the effectiveness of zine chloride in the control of
fire blight, has been carried on for two consecutive seasons. Last year the
results were somewhat conflicting, but did' not altogether refute the efficiency
of this method of control. Consequently, it was thought advisable to make
further tests in orchards in Penticton this year.

With the assistance of the provincial horticultural staff, the cankers on
trees in several orchards were painted as they appeared during the growing
season, with 43 per cent zinc chloride.

F1e. 30.—Showing how the suspected area is treated to check the
spread of fire blight.
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Some different effects of this treatment on cankers were obscrved during
the summer months. The best results were obtained when the diseased area
was painted soon after the infection took place. Whereas, if a canker had
become so long established, that it completely girdled the limb or trunk, this
treatment did not prove satisfactory. Twigs or small limbs, less than 1} inches
in diameter, were generally killed off by the penetration.of the zinc chloride.
In cases, however, where a larger limbh was endangered by an infected smaller
twig, the twig and suspected area were painted over and the spread of the
blight checked (fig. 30). When a running canker girdled a limb, loaded with
fruit, zine chloride generally dried up the ooze, allowing the hranch to remain
until after harvest time, without causing further infcetion throughout ithe
orchard. The ability of this solution to check fire blight in pear trecs varied,
even in trees of the same variety and grown under similar conditions. There-
fore, further trials will have to bhe made hefore general recommendations can
be given for the practical usc of zine chloride in controlling fire blight in
orchards.

THE RESISTANCE OF CERTAIN PEAR SPECIES AND VARIETIES TO FIRE BLIGIIT

The experiment to test out the resistance to the fire blight organism
(Bacillus amylovorus (Burr.) Trev.) of certain species and varieties of pears
has been carried on at the Summerland laboratory for a number of years. The
species and variations were secured in 1923, 1924 and 1925 by obtaining, from
different sources, scions from supposedly resistant pears and grafting them on
Pyrus ussuriensis stock. The S.P.I. varieties were procured from M. B. Waite,
United States Department of Agriculture, the “ Lih " pears were secured from
My, Parsons, West China, and the remaining scions were collected from appar-
ently resistant trees throughout the valley.

These pear varieties were inoculated with the pathogene during the seasons
of 1924, 1927 and 1928, the results of which have already been tabulated in the
1928 Annual Report of the Dominion Botanist. Inoculations were made during
the past season on May 22, 1929, and the results are shown in table 65.

TABLE §5.—RESISTANCE OF PEAR SPECIES AND VARIETIES T0 IIRE BricuT Orcanism (B, amylovorus)

Inoculations were made on May 22, 1929

Number of | Number of
Species or variety inoculations| inoculations| Remarks
made talking
Patben,.......oviiiiii s 5 5 '|Took freely.
Flemish Beauty..........cvievninuns. 6 5 |Took freely; 4 cases of natural in-
feetion.
Rimes Pineapple 19 0 !No infection.
S, P, 1.49489............ 7 0 |No infection, ’
S.P.I.49490............ 11 0 {No infection.
S.P.1.49492............ 10 0 |No infection.
S.P.L494%. ..o 4 0 (No infection; 1 free-running, natural
infection,
S.P. 149495, o 4 0 |No infection.
S. P. 1. 52461, 7 0 |No infection,
S, P, 1, 52462 6 0 |No infection,
S.P L 52464........... ... 7 0 |No infection.
Muh Kua Lih 2 2 |Took fairly freely.
Ruh Shiang Lih (The Scented Pear)...... 8 0 [No infection,
Siao Huang Lih (The Little Yellow Pear) 7 0 |No infection.
Ta Huang Lih (Big Yellow Pear)......... 7 0 |No infection.
Suan Lih (The Sour Pear)................ 5 3 |Took fairly frecly.
Pyrus assuriensis......uieereeeaneinnanin. 4 0 |No infection; natural infection in the
main trunk of the tree has caused
. : a large canker.
Seedling Pear from Sicamous............. 8 -0 |No infection.
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BORDEAUX SPRAY FOR THE CONTROL OTF BLOSSOM BLIGHT IN PEARS

Much progress could be made towards the eradication of fire blight if there
was a reliable method to check the active blight centres, which are established in
pear orchards, when the blossoms become infected. Tor when the bacterial
exudate from these sources is washed down by rains, the infection rapidly
advances into the leaves, twigs, branches, and sometimes the main trunk of the
tree. Midwestern orchmdlkvts were fairly successful in checking this initial
infection of bacteria in apple trees, by applying, at blossom time, a weak solution
of Bordeaux spray. Considering the evident advantages of such a preventive
measure, the laboratory at Summerland determined to experiment with Bordeaux
-sprays, in an attempt to control blossom blight and check the advance of the
disease in pear orchards. With the assistance of the Provincial Horticultural
Department an orchard was secured at Penticton in which to try out the efficiency
of this spray.

The orchard consisted of an equal number of trees of each of the following
varieties: Anjou, Flemish, and Bartlett, which were severely infected with blight
in-1928. During the winter, the usual commercial practice of removing all’
cankers was carried out. The orchard was divided into three similar plots each
containing 80 trees, which, in the spring, were treated severally as follows:—

Plot 1 was sprayed with Bordeaux 3-4-40, when the trees were in the late
pink and again when in full blossom.

Plot 2 did not receive any spray but was left as a check.

Plot 3 was sprayed with Bordeaux 3-4-40, when the trees were in full blossom
only. ‘
After the fruit had set, a careful examination of the blossom clusters failed
to reveal any marked difference in the amount of initial infection on the three
plots. Furthermore, the later spread of the disease was in direct proportion to
the amount of primary infection. These observations would indicate, that
spraying with Bordeaux was not effectual in controlling Fire Blight in this
orchard.

However, as these test plots suffered no serious outbreak of the disease, as
did the adjacent orchards, it will be necessary to continue this experiment
another year in order to thoroughly investigate this method of control.

ANTHRACNOSE SPRAY EXPERIMENTS IN SALMON ARM

In last year’s annual report, a full account was given in explanation of a
spray experiment for the control of anthracnose in Salmon Arm. Observations
this spring disclosed the following results on the comparative efficiency of the
three treatments:—

In Plot 1, which was sprayed on August 14 with Burgundy mixture and
again on October 10 with Bordeaux 4-4-40, the disease was commercially well
contralled, but for a residue deposited on the fruit by the first spray. The
unusually -dry weather, which prevailed before harvest time, necessitated the
washing of all the appleb shipped from this plot.

In Plot 2, which was sprayed with Bordeaux 3-5-40, with the addition of
- 2 per cent 011 the spread of the disease ‘was fairly well checked. The fruit,
however, in this case, was coated with an oily deposit which rendered imperative
the wiping by hand of every apple before shipping. The use of this spray,
while the apples are still on the trees, would be decidedly unprofitable.

In Plots 3 and 4, which were dusted with colloidal sulphur dusts, obtained
from two different sources, no apparent coutrol was observed, as evidenced by
comparison with the check trees. .

Although there would appear to be a distinet decrvease this year in the
spread of anthracnose in the Salmon Arm district, the unusually dry fall may
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have been the contributing factor. Therefore, a new series of spray tests are
being tried out, which were applied just after the first general dissemination of
the spores. It is to he hoped that the results from this endeavour will
materially assist in effectualy controlling any severc outbreak of the chbease in
the future.

PERENNIAL CANKER

(a) Survey.—-A careful survey of the southern districts, eommenced in
1928, has revealed the fact that the wide distribution of perennial canker is not
conﬁned to the northern sections of the Okanagan Valley. The disease first
began to attract attention when it was recognized in 1924 at Okanagan Centre,
and later when it was found to he prevalent in Winfield, Kelowna, .Oyama, and
Vernon. It was not discovered in the districts south of Kelowna, where il had
been previously rare or absent, until the summer of 1928, when several affected
trees were located in Summerland. ‘Consequently, the necessity was emphasized
of examining the apple sections where the infection had apparently not occurred.
A careful estimation of the prevalence and g spread of the disease was requisite
before any practical recommendations could be given for its control. <

During the winter of 1928-29 the districts of Kaleden, Keremeos, Summer-
land, and Penticton were surveyed. As the nature of the disease 1equ11ed a
thorough tree to tree 1nspect10n local orchardists were appointed to carry out the
field work, under the supervision of the provincial horticultural staff. When
infeeted or doubtful trees were found they were tagged, and their localion was
carefully charted on a card. A mcmber of the Laboratory Staff examined the
suspected trees in order to verify or disprove the presence of the fungus.

As revealed by the results of the survey, the disease is present, but not
severe, throughout the inspected districts. Infected orchards were found in all
sections of the distriets, but, the average number of affected trees per orchard
was usually less than ten. From observations of the various cankers, the number:
‘of rings would indicate that the disease has been established for several years.
This survey is being continued this year in the districts of Westbank, Peachland,
and Naramata. The detailed results of the progress made during the past season
are given'in table 66.

PapLE 66.—Resurrs of PERENNIAL CANKER SURVEY oF SUMMERLAND, PENTICTON, KALEDEN, AND
Keremeos DISTRICES

Number Number
of trees of {rees Percentage
Name of vaviety Name of district in the showing infection
. district |one or more;
3 cankers
Cox’s OTaNZe. oo v oo v e vt e e Summerland.... 1,189 17
Penticton. 1,381 10
Kaleden... .. 260 ... ...
Keremeos........... 65 | 0-93
SPItZeNDeTEZ. ..\ vt i e Summerland........ 2,943 53
: Penticton.,......... 4,542 14
Kaleden............ 151 | ...
*Keremeos.......... 1,817 6 0-77
Baldwin. ... Summerland........ 997 11
Penticton........... 342 f......... ...
Kaleden............ N P,
Keremeos........... 481 ...l 0-60
Rome Bealty ..o v vvviveriieaiiininnn, Summerland........ 3,186 3
Penticton. 3,135 23
Kaleden... .. 287 ...,
Keremeos........... 394 ...l 0:37-
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TABLE 66.—RESULTS OF PERENNIAL CANKER SURVEY OF SUMMERLAND, PeNTICTON, KALEDEN, AND
Keremeos Disrricrs—Concluded

Number Number
of trees of trees | Percentage
Name of Variety Name of district in the showing infection
distriet |one or morc
cankers
Yellow Newtown......oooviiniii ... Summerland........ 14,518 82
Penticton........... 6,837 S
Kaleden............ 3,875 2
Keremeos........... 2,025 |............ 0-34
B Y7 LU Sumimerland........ 9,369 8
Penticton........... 12,869 5
Kaleden............
Keremecos........... 0-05
Wealthy oo e Summerland........ 2, 696 1
Penticton........... 2,461 1
Kaleden,........... 25 |....... O
Keremeos........... 248 ..ol 0-04
B} 017720 OGP Summerland........ 1,871 1
Penticton........... 6,412 5
Kaleden............ L,8GL [....ovovnin
Keremeos........... 3,762 |............ 0-04 -
Jonathan. ..o Summerland........ 21,462 11
Penticton........... 19,267 5
Kaleden............ 2,167 |l
Keremeos........... 5,785 |l 0-03
MeIntosh Red oo int, Summerland........ 15,248 4
Penticton........... 12, 356 3
Keleden............ 531 |....iinnn
Keremeos....oo...... 1,540 |..oooen.t. 0.02
Winter Banin.coovvve v, Summerland........ 1,802 1
. Penticton........... 2,086 [............
Kaleden............ 3156 ...
Keremeos........... 854 |.....iian 0-02
Delclous, covvvee e annen e Suminerland........ 8,694 . 4
Penticton,.......... 13,586 ...
Kaleden......... .. 317 .ol
Keremeos 5,595 |.......a 0-01
Other vavieties...... S, Summerland........ 24,625 43
. Penticton........... 9,949 31
Kaleden............ 424 oo
Keremeos.......... . 3,868 |.i.iiiiiinn. 0-18
Total,.ooviviiiiinn. o R P 242,990 352 0-14

]*Since this survey several more of the trees in this district have been reported as having perennigm]‘
canker. .

(b) The Influence of Frost on the Spread of Perennial Canker—Observa-
tions would indicate that cold winter temperatures and resulting freezing of the
callus are conducive to perennial canker. Growers, in whose orchards the disease
has long been established, have noticed that the local increase in the amount of
infected bark. was greater after a severe winter. So apparently definite and
consistent was the association of freezing temperatures and the spread of the
digease, that many of them have attributed the development of .the canker to
frost alone. In the investigations carried on by the Summerland laboratory, it
has been observed that low temperatures influenced the progress of the disease
by presumably producing a temporary condition in the tree, favourable to the
growth of the causal fungus. Consequently, an experiment was determined on

~ to test out the relationship between the severity of the winter and the extent of
the spread. ‘
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By this method a complete, extensive survey in one season was not considered
feasible. Therefore, several orchards only, in each district were inspected, and
from the results it was estimated that this disease has destroyed at least 2 per
cent, of the trees annually, in every district throughout the valley.

In the course of this inspection observations were made to discover, if
possible, any apparent symptoms above ground of the disease. The invariable
presence of bronze or dull red leaves was noticed on practically all affected trees
during the months of September, October, and November. Bronzed foliage was
also found on trees, whose crowns were free {rom disease, but suffered from somme
form of root killing. By making use of this fairly reliable indication of crown
rob to generally examine an orchard, only closely inspecting the crowns of the
doubtful trees, the labour and time would be greatly reduced in carrying out a
thorough survey. Iollowing this procedure, a more accurate estimate of the
extent of the disease will be made next fall.

During this inspection characteristics of the form and occurrence of crown
rot were observed. The type of rot responsible for the most widespread destruc-
tion of apple trees, attacks the tree just below the ground surface, usually
advancing up on the trunk involving the bark and cambium tissue. The lesion
area may only be a few inches in extent or it may completely girdle the crown
of the tree, but, as a general rule, it seldom extends more than a foot and a half
above or, below ground. The rot may appear at any time during the growing
season, but when it occurs after July, the diseased tissue is not easily distin-
guished from the healthy bark. At this time, and throughout the remainder of
the season, there is usually no discoloration of the outer bark, and no crack is
formed to separate the rot area from the surrounding healthy tissue. However,
the under bark layers, when cut into, have a brown, watersoaked appearance,
and the extent of the rot can be determined by removing the outer bark.

Several general physical factors were evident in all cases. Some varieties
appeared to be more susceptible to this disease than others, but so far inspec-
tion work has been insufficient to justify the arrangement of a graded list,
showing their degree of resistance. However, of the commercially important
varieties, Spitzenberg seemed to be the most susceptible, and Wagener the most
resistant. A super-moisture condition invariably prevailed during some period
of the growing season in the soil surrounding affected trees. Whenever an
extreme case of this condition of poor drainage and improper aeration occurred,
as in orchards, where depressions retained for a time the irrigation water, trees
growing in this arca eventually developed serious crown rot. Furthermore, the
disease was much more general in districts where an ample supply of water is
obtainable than in those where there is a shortage. It was noted also, that late
ripening orchards showed more crown-rotted trees, than did those which ripened
thoroughly before going into the winter. Trom these observations, it may be
deduced that unfavourable physical conditions are responsible for a weakening
in the bark tissues at the crown of a tree. -

Remedial Measures—In an endeavour to alleviate the severity of this very
difficult problem, experiments are being carried out in a series of control orchards
throughout the valley. In these orchards, all trees are thoroughly inspected for
crown 1ot twice a year. Physical conditions which may possibly have a bearing
on the occurrence of the disease are noted, and in a few orchards where it is
possible these factors are remedied, and a control orchard established. In all
the orchards under treatment, the crown and upper root system of the affected
trees are exposed to the air, the rot area is cleaned out, and the best known
methods of relief are applied. )

In the experiments which have been carried on at Winfield for a number
of years, inarching has given slightly more promising results than the other
methods of control (fig. 32). Although inarching is effective it is not sufficient
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In 1928 a'series of control orchards were established throughout the valley.
In conjunction with our field investigations, an advisory service, inaugurated
at the request of the growers, was continued in practically all these orchards.

The increase this year of die-back, drought spot, and ecorky core, general
in all sections of the Okanagan, was most pronounced, however, in the districts
from Swmmerland north, where the control orchards are located. In last year’s
report these orchards were described in detail. The following observations were
made this year:—-

Orchard No. 1—Previous to 1927, this orchard was affected with corky
core, principally owing to drouglt conditions. The water, obtained from a small
spring, was insufficient for irrigational purposes, therefore, the removal of half
the trees was recommended and carried out. A decided improvement took place
in 1928, but was not so noticeable in 1929.

. Orchard No. 2—In 1922 the crop on this orchard was a total loss from die-
back, drought spot, and corky core. Moist deficiency was responsible for their
oceurrence. The orchard had not been irrigated, but on the advice of the Sum-
merland Laboratory, a system was installed in 1926, and regular applications of
water have been made each growing season since. As a result, there has been
a steady yearly improvement noted, until in 1929 the orchard was entirely free
from any form of the disease, although it was exceptionally severe in other
orchards in the district.

Orchard No. 8-—Super-moisture conditions, responsible for the incidence
of die-back, drought spot, and corky core in this orchard, were relieved in 1926
by a system of drainage. The 1928 and 1929 crops of apples were free from the
trouble, and the tree growth was vigorous and healthy.

Orchard No. 4—An excess of moisture is known to be the primary factor
in causing a severe form of die-back, drought spot, and corky core in this orchard.
In this case it has proved difficult to correct the prevailing super-moisture con-
dition, and as yet no improvement has been observed.

Orchard No. 5—An extreme drought condition, which, owing to the type
of sail, was hard to prevent, favoured the presence of considerable corky core in
this orchard. In 1927, however, more systematic irrigation, together with better
cultural methods, relieved the situation somewhat. A consequent improvement
was noted in the fruit in 1928. But in 1929 observations disclosed that corky
core was still present in portions of the orchard.

Orchard No. 6 —Super-moist soil was responsible for die-back, drought spot,
and corky core in this orchard, and although this condition was partially con-
trolled in 1927, it has proved difficult to entirely correct. An increase in vigour
of growth, noted in 1928, did not continue to show during 1929, but a subsequent
ierease of drought spot and corky core was evident.

Orchard No. 7—The condition of super-moisture, causing all forms of the
trouble in this orchard, has been partially remedied since 1928. In 1929 a slight
increase in vigour of growth was observed.

Orchard No. 8—Die-back, drought spot, and corky core were prevalent in
this orchard, due to excessive moisture in some sections and deficiency in others.
The conditions have been alleviated to a certain extent by more carefully con-
trolling the irrigation. In 1929 the progress of the disease was notably retarded.

Orchard No. 9—This orchard was taken over in 1927, when super-moisture
was evidently responsible for the occurrence of drought spot and corky core in
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the fruit, and a lack of vigour in tree growth. More systematic irrigation gave
promising results the following year, but although vigorous growth continued,
corky core was still present in 1929.

The general increase of the disease throughout the valley was reflected in
several of the control orchards; in those where it has been difficult to maintain
an optimum soil moisture during the growing season, and in others where the
control has only been effectual for a year or two. In the orchards, however,
where the soil moisture has been well regulated for at least three years without
serious variation as, in the orginal test orchard at Salmon Arm, the alleviation
of die-back, drought spot, and corky core is evidence of the effectiveness of this
remedy.

DROUGHT SPOT OF APRICOTS

This disease, which was first reported in 1927, occurs in all sections of the
Okanagan Valley where apricots are grown. The trouble is characterized by
the appearance, on the skin of maturing fruit, of small reddish-brown, scale-like
markings (fig. 33). The spots are irregular in shape and vary in size from
minute specks to blemishes, which sometimes involve the whole side of the fruit.
In severe cases the fruit eracks and shrivels, but usually the many small marks
are only skin deep. In either event the apricots are unmarketable. It has also
been observed that the disease may appear on the whole tree, or it may be
confined to some branches only.

Fre. 33—Typical drought spotted apricots.

From observations and experiments this russeting of the fruit appears to
be physiological in origin. Attempts have failed to isolate any organism from
the diseased material. Consequently, investigations were made to determine
if possible, the influence of physical factors which are known to contribute to
the occurrence of drought spot in apples in the Okanagan. An orchard of five
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acres in Naramata, where one hundred per cent of the trees were affected in
1927, was taken over for experimental purposes. During the latter part of the
growing season, two extreme water conditions were to be found in this orchard.
All the trees, regardless of whether the soil moisture was excessive or deficient,
suffered scriously from rootlet killing. As the system of irrigation practised
was principally responsible for the moisture conditions, a new plan was laid out
in 1928. With thc assistance of an augur, determinations were made regularly
go that an optimum soil moisture condition was maintained throughout the
orchard. L :

In the crop produced in 1928, the imnprovement was slight, but the rootlet
killing was much less severe. During the 1929 growing season, the irrigation
was again carefully controlled: The crop harvested this year, however, was the
largest produced since the orchard was planted, and was, moreover, practically
free from drought spot. That is, out of 16 tons of fruit, less than 50 pounds
were culled, and drought spot was not entirely responsible for this. Observations
disclosed that orchards, adjacent to this experimental plot, and others in the
same district, were affected by the discase to a greater degree than in previous
vears.

In this experiment the conditions of drought and super-moisture were
relieved by proper irrigation, the eonsequence of whiclh was a remarkable
decreasc in the amount of rootlet killing. Rootlet killing in this orchard was
a primary factor in the occurrence of this discase. It is worthy of notice that
these results are in accord with thosc obtained from similar cxperiments in
drought spot of apples, carried out by the Summerland Laboratory. In the case
of apples, however, a Jonger period than two years of even soil moisture would
appear to be necessary, before any apparent improvement in the fruit would
be observed.

INVESTIGATION OF APPLE INJURY ¥ROM MILDEW AND SPRAY BURNING

Apple powdery mildew in the Okanagan causes a decided reduction in grade
of a certain percentage cvery year of the more highly coloured varieties of
apples. The peculiar russet netting on the surface of the fruit detracts from its
appearance and in severe cases affects the quality of the apple (fig. 34). In a
normal year if the spread™is not checked there is usually sufficient mildew to
produce a substantial loss -in-some distriets. In exceptional seasons, however,
the culled fruit has smounted to as much:-as 50 per cent of the total crop. In
recent years, the importance ascribed té the production of fruit for fancy packs
hias been a stimulus to the grower to attempt to successfully retard the advance
of the diseasc in his orchard.

A perplexing problem confronts the orchardist when he finds that the
recognized control measure, that is spraying with lime sulphur 1-50, russets the
apples in much the same way as the mildew (fig. 85). As a result of prevailing
climatic conditions the severity of the discasc varies from year to year. In a
season when heavy infection occurs, this spray, when properly applied, con-
siderably alleviates the amount of injury. The following season, however, the
attack may be light, and from a comparison of crops, harvested from sprayed
and unsprayed orchards in such a year, observations have revealed that the
amount of burning by this spray somectimes offsets the benefits derived from its
use. Therefore, an experiment was planned by the Summerland laboratory to
estimate the percentage of marked apples from these two injuries, and to test
out the efficiency of iron sulphate, when added to the regular lime sulphur spray,
in reducing the amount of spray burning.

204370
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In Penticton, a block of twenty-three Jonathan trees was secured for experi-
mental purposes, in an orchard equipped with a stationary spray machine, The
trees were divided into five plots which received the following treatment:—

Plot I, consisting of two check trees, was left unsprayed throughout the
$€aS01L.

Plot I, consisting of four trees, was sprayed only with water four times,
commencing on May 8 with intervals from five to seven days between the
applications. :

Plot III, consisting of six trees, was sprayed in both the pink and ecalyx
stages of development, with lime sulphur 1-50, arsenic of lead 1-40, spreader,
and iron sulphate 1-125.

Plot IV, consisting of six trees, was sprayed in both the pink and calyx
stages, with lime sulphur 1-50, arsenic of lead, 1-40, and spreader.

Plot V, consisting of five trees, was sprayed in the pink stage only, with
lime sulphur 1-50, arsenic of lead 1-40, and spreader.

By examining and counting the apples harvested from these -plots, the
amounts of injury from mildew and spray burning were compared and charted.
This experiment also demonstrated the effectiveness of lime sulphur spray in
controlling mildew, and the following points of interest were noted:—

1. The infection of the disease was not severe, even on the check trees.

2. The trees sprayed with water showed equal slight amounts of mildew and
burning. The total damage, however, was greater than on the check plot.

3. The addition of iron sulphate to the spray on Plot III materially decreased
the amount of burning as compared with that on the plots sprayed with ordinary
lime sulphur, and gave good mildew control.

4. The regular lime sulphur spray would be unprofitable to apply unless
in a year when the mildew infection was more severe than this year.

PERCENTAGE of MARKED APPLES on TREES SPRAYEDfor APPLE MILDEW

1
Check Trees Marked by Mildews

PLOTNgI 1 PERCENTAGE O é %g 3 ¢ Z § \? 10 1yl IYZ [’3 'f,” 15

/Vat S,OI‘GyQC/ " Spray
PLOT N°2
Oprayed with Water “ o Mildew
4 Sprays Spray
PLOT N23
Iron Sulphate LimeSuphur « o Mildew (=
n 2 Combination Sprays w  «Spray
PLOT No4. ‘
Lime Sulphur with « e Middew =t
R Combinalion Sprays «Spray,
PLOTNCS
Lime Sulphur with v Mildew =
1 Combination Spray e Spray
Charl 1,
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From the foregoing tests it may be deduced, that the usual lime sulphur.
applications to check the spread of mildew may scriously injure the crop. Also,
the caustic action of the sulphur may not be altogether responsible for the burn-
ing, as shown on the plot sprayed with water only. TFurthermore, the addition
of iron sulphate to the ordinary lime sulphur spray, while substantially reducing
the amount of injury, does not entirely eliminate the burning. Therefore, it is
planned to carry on a more extensive investigation using other forms of sulphur,
which under the Okanagan climatic condltlons may he more suitable for the
control of apple powdery mildew.

APPLI: SCAB

The severity of apple scab infection is influenced by the temperature and
moisture conditions prevailing during the period of ascospore expulsion. The cool,
humid weather, sometimes prevalent in the northern sections of the Okanagan
Valley, is favourable to the spread of the disease and necessitates the practice of
control measures. During the growing season of 1928, although spraying with
lime sulphur was general, the scab infection was not successfully checked. As
the success of the spray depends on its application immediately after the first
ascospore discharge, the Provincial Horticultural Branch requested the assistance
of the laboratory to determine the opportune date for spraying in the sprmg of
1929.

The method followed, in order to time the initial ascospore discharge, was to
place spore traps in infected orchards in the districts of Winfield, Oyama, and
Vernon. Old leaves which contained abundant perithecia were held down on the
ground by placing thin wooden labels 8 mm. thick along the tips and bases of the
leaves. Microscopic slides, smeared with a thin film of white vaseline or castor
oil, were placed over the exposed fruiting bodies, with the eénds resting on the
labels and firmly held down with large headed nails. The spore traps, most of
which were set up on April 24, were examined regularly, but it was not until
May 1, after a heavy rainfall, that the first ascospores were expelled.

TABLE 67.—AscosPoRE DISCHARGE—SPRING, 1929

. Dafte spore Dates of
Locality - traps were aseospore Remarks
set up discharge .
Vernon....eov.onn........|April 24, 1929|May 1, 1929(Ascospores fairly numerous.
May 3, 1929|Ascospores fairly numcrous, some spores were
germinating.
Oyama.....coovneivnenn. April 24, 1929{May 1, 1929|Ascospores numerous; many Spores were ger-
minating.
May 8, 1929|Ascospores NUMEIoUs; INany spores were ger-
minating.
Winfield................. April 24, 1929|May 1, 1929|Ascospores fairly numerous.
*Salmon Arm............ April 30, 1929|May 2, 1929{Ascospores numerous.
May 3, 1929{Ascospores numerous; SOmMe SpOTeS Were ger-

minating,

“Diseased leaves were collected and sent to Vernon where the tests were made under conditions similar
to those in the other districts.

Although the mfectlon was ve1y light this year it may not have heen
altogether the result of the spray schedule followed, as the fall of 1928 was
exceptionally dry which possibly hindered the Wldespread development of the
pcrlthema It is proposed to continue this work, so that in a year of probably
serious infection, growers will be timely infor med of the correct dates for scah
sprays.
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Vegetable Diseases
(G. E. Woolliams)
CLUB-ROOT OF CABBAGE .

(a) Control of the Disease with Lime—During the suramer of 1928, a severe
outbreak of cabbage club-root appeared at Armstrong, which is the plmclpal
centre of cabbage production in the Okanagan Valley. It was, therefore, con-
sidered advisable to obtain information concerning the efficiency of lime in the
control of the disease under local conditions, and a test, in co-operation with the
Provincial Horticultural Branch, was begun this year.

The tests are being made in part of a field in which nearly all of the plants
were diseased last year. As early in the spring as possible, bummt lime was placed
in small piles in the field where it was left until it was air slacked. When the
action was completed the lime was carefully spread over the field and ploughed
in on May 10. As the acidity of the soil was fairly high (about PH. 5-7) a
liberal application of lime at the rate of 3 tons per acre was made. A late
variety of cabbage, the Danish Ballhead, was used, and the plants were not set
out in the field until June 9.

Although the lime was not applied until fairly late in the spring, the use of
the chemlcal showed beneficial results. On October 2nd, there was a decided
contrast in the appearance of each plot (figs. 36 and 37). As shown in tables 68
and 69 there was an appreciable check in the.severity of infection in the lime plot
and a still greater improvement in the percentage of comimercial heads.

TasLe 68.—Lrrect oF ArpricatioN of LimE AT TureE ToNs rER AcRE ON INFECTION oF CABBAGE WITH
Crus-roor, ArmsrronG, B.C., Ocroser 2, 1929

Limed Unlimed
-~ Total Number — Total Number
number of Per cent number of Per cent
of plants plants ) ) of plants plants
Healthy....... 515 154 29.9 } Healthy....... 490 84 - 17.2
Diseased...... 361 70-1 | Diseased...... [ o 407 | 82.8
1000 100-0

Tanre 69.—ErFrECT oF AVPPLICATION OF LIME AT THREE ToNS PER ACRE oN PERCENTAGE OF COMMERCIAL
EADS OF CABBAGE INFECTED WITH CLUB-RooT. ARMSTRONG, 3.C., Ocroser 2, 1920

Limed . TUnlimed
— Total Number —_ Total Number
num ber of Per cent number of Per cent

of plants plants pf plants |  plants

Commereial...[............ 356 75.00 (| Commercial...|............ 203 41-40
515 490

Non- [o.ooiiin, 129 25-00 || Non- |.ooiiiiii.n 287 58-60
commercial. commercial. —
100-00 | o o 100-00

(b) The Viability of Spores of Plasmodiophora Brassice on Cabbage Seed.—
During the past season a test was made to determine for what length of time
cabbage seed, infected with the spores of Plasmodiophora. Brassicee Woron. may
transmit club-root.




‘F1c. 36— Cabbage growing on unlimed soil with the club-root organism, showing wilted
and stunted plants affected with disease.

Fi16. 37—Cabbage growing on limed soil infected with the club-root organism, showing little
wilting and increased productiveness. Compare with Fig. 36.
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Cabbage roots affected with club-root were used as a source of inoculum, The
tissue was soft and severely rotted with the disease and contained many mature
spores of the pathogene. After being carefully washed to remove the soil from
the surface, the roots were crushed with a pestle and mortar and mixed with a
little distilled water. The liquid containing the spores was filtered through .
absorbent cotton and the filtrate was used to thoroughly moisten cabbage seed
which was immediately dried on blotting paper. The inoculated seed was stored
under ordinary conditions and after 37 days some of it was planted in a flat
containing soil free of the pathogene. After 77 days the roots of the cabbage
plants were examinedi and only 19 were affected with club-root and 75 were
apparently healthy. o

Alter the inoculated seed had been stored for 138 days, a second lot was sown
similarly to the first. After the plants had grown for 50 days, an examination of
the roots was made and all of the 150 plants appeared to be healthy. It would
appear that when cabbage seed inoculated with the spores of Plasmodiophora
brassice is stored under ordinary conditions, the spores remain viable for only
a comparatively short time.

FUSARIUM BULB-ROT OF ONIONS

(a) The Effect on Sotl Treatments on the Disease—During the past season
further tests have been made to study the effect of soil treatments on the develop-
ment of fusarium bulb-rot. The tests were made in a field which had been
planted to onions continuously for at least 20 years, and which was-so severely
infected with the pathogene that the heavy losses from the disease made the
production of this gommodity no longer profitable.

The plots, which were one-sixtieth of an acre in area, were so situaled beside
an irrigation flume that the irrigation water could not come in contact with
infected soil before it was applied nor could it pass from one treated area to
another. In this way any possibility of reinoculation of the plots with the
causal fungus was obviated. The chemicals were used in the solid form rather
than ag a liquid and, when necessary, were ground into a coarse powder before
application. After the ground had been prepared for seeding, the powder was
evenly broadcasted over all the area and raked into the soil. The. different
chemical treatments were as follows:— ' '

TABLE 70.—CuimicAl. TREATMENTS USED FOR FUSARIUM BuULe-RoT oF ONIONS

Plot | Rate of
No. Treatment application
per acre
. . . Ib.
1 Check—n0 treatIEIb. v v vttt ie e e e et iearieieeeerareiaeaiaanne i
2 Check—n0 t1eatment. . ... ov et e e e i e
3 (070035 W=15 1§33 F 1 YA A AR 750
4 Copper sUlphate. . ..o e N 510
5 1eck—n0 treatment. ... e v e
6 Copper sulphate.......... e 255
7 Potassitm DIChTOMAtE. v\ et et it et e e e e 510
8 Potassium DIChIomMAate. .. ov .t e e e e s 255
Potassium DIchromate. ... oot i i e e 125
10 Chieek—no treatment. .. ..ottt it e e i
11 Hydrated lime and magnesium carbonate.........cooiviiiiiiiii it iiiian.. 1,020
12 Ferrous sulphiate. . oo e
13 Hydrated lime. ..o et
14 Check—no treatment...................
15 Common salt (sodium chloride)
16 Chieck—n0 Breabment. ., ..o i i e e
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The onion seed, which was the Yellow Globe Danvers variety, germinated
well and the stand of seedling onions was very good. TUnfortunately, the field
became infested with wireworms, and their activities reduced the stand to a
large extent. The use of copper sulphate, hydrated lHme, hydrated. lime and
magnesium carbonate, and ferrous sulphate did not show any evidence of having
a harmful effect on the onion crop. The use of potassium bichromate and
common salt, however, appeared to he toxic to the plants and prevented growth.
During the growing season all the diseased plants were pulled and counted as
they appeared in the plots, the final count being made when the crop was
harvested in September. The results of the different-soil treatments are shown
in table 71. None of the treatments showed any appreciable control this year.

(b) Susceptibility of Varieties and Species of Onions to Fusarium Bulb-rot.
—The majority of pathogeni¢ fungi show a distinct variation in their ability
to infect different varieties of their host plant. This variation is usually the
starting point for the selection or hreeding of resistant varieties, which is the
most efficient method for the control of plant diseases. With respect to fusarium
bulb-rot of onions as it occurs in the Okanagan valley, no data concerning the
susceptibility of different varietics of onions iz available. As this information
would .be of valie a number of American varieties and species of onions were
grown this year in “ fusarium sick ” soil.

The seed and bulbs were planted on April 8 in bhree replicated rows of 20
feet each. During the summer records of any diseased bulbs found were kept
and when the crop was harvested on September.3, counts of both healthy and
diseased bulbs were made. The results are presen’oed in table 72.

T'aBLE 71 —ErrEcTs oF DIFFERENT Somk T REATMENTS IN 1HE D EVELOPMENT OF I'USARIUM BULB-ROT

Counts of diseased Total Total
Plot Rate bulbs removed | number | number | Percent-
No. Treatment per from the field of of age
acre affected | healthy | diseased
July 26 jAug. 21 | Sept. 6| bulbs bulbs bulbs
b.
1 [Check—no freatment..........|........ 15 8 20 43 134 24.23
2 [Check—no treatment......., N T 25 31 39 95 327 . 22.51
3 |Copper sulphate.......... e 750 36 39 44 (119 405 22-71
4 |Copper sulphate............... 510 30 31 26 87 401 17-82
5 |Checle—no treatment..........[........ 16 22 19 57 286 1661
6 [Copper sulphate............... 255 19 15 12 46 212 17-82
7 |Potassium bichromate......... 510 0 0 |- 0 0 15 000
8 [Potassium bichromate.......,. 255 1 1 1 3 29 9-37
9 |Potassium bichromate.. .. 125 8 11 7 26 126 10-59
10 [Check—no treatment..........[........ 21 18 9 48 173 21-72
11 |Hydrated lime and M agneslum
carbonate (1:1) 31 54 33 | 118 707 14:30
12 |Ferrous sulphate.... 9 31 30 70 668 9-48
13 [Hydrated lime.,,............. 15 40 35 90 744 10-79
14 |Check—no treatment..........[........ 10 42 43 95 961 9-00
15 jCommon salt (sodium chlor- ) :

. ide).ooonnoaail, 0 5 3 8 104 7-14
16 |Check—no treatment., 1 5 30 36 642 5-31
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Tanmn 72.—SUSCEPTIBILITY OF VARIETIES AND SPECIES oF ONIONS 70 F'USARIUM BULB-RoT. SEASON, 1929

Total
number of | Number Per
Variety Source of seed diseased | of healthy cent
bulbs found bulbs infection

during

senson
Yellow Globe Danvers.......... J. Spall, Kelowna, B.C.......... 35 299 10-4
Yellow Bermuda................ Stokes Seed Co............ SRR 0 163 0-0
Yellow Dutch or Strasburg...... Livingston Seed Co..o.ovvnnnt.. *3 172 1.7
Soutliport Yellow Globe......... « . 21 172 10-8
Ailsa Craig........ooovviiinen.. “* R, 15 316 4.5
Prizetaker,........cocoiiiinnn.. J. Harvis Seed Co....ooovvvvnens 21 310 6-3
Australian Browu............ - “ TP #1 439 2.4
Riverside Sweet Spanish.........|[Stokes Seed Co.......oovrunnn.. *4 336 1.1
Mammoth White Globe..... ..|7. Haris Sced Co.. *2 412 0-4
Southport White Globe. . . “ “ 33 321 9.3
Southport Red Globe.... .. « e 38 216 14.9
Large Red Wethersfield......... “ e 29 278 9-4
Early Large Red................ « R, 28 180 1344
White Welsh..................... “ e 0 4006 0.0
Chives......oivviiniiiinnnn. ..|K. MeDonald & Sons, Litd... ... 0 66 0-0
Leck-Large Musselburgh,........{Livingston Seed Co............. 0 307 0-0
Potato Onion .| Dupuy & Ferguson.............. 9 75 10-7
Shallots........ “ U i 203 2.8
GarliC. e iiiii i “ C 0 48 0.0

TOMATO BREAKDOWN

During the summer of 1928 the occurrence of breakdown of the tomatoes
at Keremeos caused a loss to the growers of at least 25 per cent of the ecrop. In
previous years, according to statements of some of the local growers, the disease
had been observed but only to such a slight extent as to be of no economic
importance. Breakdown apparently is not restricted to field conditions, for the
same season it was reported as occurring on tomatoes growing in greenhouses at
Kelowna and the vicinity of Victoria. :

The most readily recognized symptom of the disease is the occurrence, on
the mature fruit, of soft, mushy areas measuring anywhere from 4 to 1% inches
in diameter. They may be found anywhere on the surface of the fruit, but the
majority arc found near the calyx end. The tissue in these areas is often a
darker red than that of the remaining unaffected portions. The affected regions
have a watersoaked appearance and to the touch arc soft and watery. When
they are rubbed with the fingers the epidermis breaks and the tissue beneath
runs out in a watery stream. Badly affected {ruit is almost useless for canning
since the majority of the tissue is lost during peeling,

All varieties would appear to be susceptible to the disease. It occurred
mostly on Iiarliana, which is the principal variety grown in the field, but it was
also found on Chalk’s Early Jewel, John Baer and Bonny Best.

The disease was present throughout practically all of the Keremeos district,
regardless of the various cultural conditions. It was found on all types of soil,
ranging from very gravelly to heavy clay loam, acid or alkaline in their reaction.
Affected plants occurred on virgin soil, fertilized or- unfertilized, heavily or
lightly irrigated, and on felds where rotation of crops had been practised or
successive crops of tomatoes grown.

During the summer of 1928 therc prevailed at Keremeos an unusual,
prolonged period of warm days, with maximum temperatures of 100° F. or over,
accompanied by sudden drops in temperature at night. As this appeared to be
the only likely envirommental factor that might influence the development of




138

the plants it was considered that high temperatures during the day accompanied
by comparatively cool temperatures at night might possibly influence the occur-
rence of the disease. The maximum and minimum temperatures® for this period,
together with the metcorological records for the warmest periods during the
summers of 1927 and 1929 are as follows:—

TABLE 73 —MAXIMUM AND MINTMUM TEMPERATURES

1027 1928 1929

Date Max. Min. | Range | Date ‘Max. | Min. | Range | Date "Max.. | Min. Range

July . July . “ . . July " RN o - -
17....... 95 59. 36 Jo1.....| 95.| 65 | 30 [28. .| 94| 63 31
18....... 94 63 31 22..... .99 65 34 | 29..... 99 66 33
19....... 90 59 31 23..... 101 70 31 30..... 100 66 34
20....... 90 59 © 31 24..... 102 . 69 33 3&. vev|.. 100 61 39

. R P ug...| . .

21....... © 96 59 37 25..... 100 69 31 T..... 95. 62 33
22....... 99 61 38 26..... 105 70 35 2..... . 95, 61 |° 34
28....... 101 66 35 | 27..... 102 69 33 .. .. . A P
24,...... 102 70 32 28..... 102 64 38
25....... 98 - 65- 33 29..... .92 65 27
26....... o7 68 29 30..... .92 61 31

Investigational Work.—During the past scason an experiment was begun to
determine whether tomato breakdown could be induced by a short exposure of
the plant to extremes of high' téemperatures dmmg the day and compalatwely
cool temperatures at night.

Larliana tomato plants which had been plevmusly tlalned to develop two
main branches from near the base of the stem, were set out on May 30 in a
field fertilized with barnyard manure. The soil was a -clay loam’ with
alkaline reaction (Pa 8-6) on which onions had been grown the prec’eding,’year.

The- temperatures were raised artificially by placing over one-half of the
tomato plant a large glass cage. The other part of the.plant was not treated
and served as a. check. The cages used were 4 feet square and 3 feet high
and were fitted with ordinary glass on the tops and sides. ~Ventilation could
be effected by opening vents placed at the hase of each side of the cage and
also by either ramng or removing the top sash.

The plants, in groups of four, were -exposed to high Lcmpelatures for a
period of five days at different stages of growth. While the treatments were
carried on, temperature records (including maximum and minimum) were made
ten times daily both in the cages and in the field. Tor comparative purposes,
records of relative humidity, soil temperature and evaporation were also kept.
Temperatures of over 100° I'. were obtained, on the average, between the hours
of 12 am. and 4 pan. The highest temperature obtained at any time was 116°
JF., but the average maximum temperature was between 100° F. and 110° F.
Minimum temperatures at nights averaged between 50° F. and 60° F. so that
a 1'5%11%@ of over 50° F. was usually obtained each day. The plants were treated
as follows:— : :

Lot O, plants No. 1, 2, 5 and 6; July 23-July 27.

Lot P, plants No. 9 10 13 and 14; July 30-Aug. 4.
Lot Q, plants No. 19 20 23 and 24 Aug. 5-Aug. 9.
Lot R, plants No. 3, 11 and 12; Aug 11-Aug. 15,

The fruit on both the treated and check portions of the vines, was plcked
ab maturity and tested for relative firmness as soon afterwards as possible.

*These records were kindly supplied by Mr. T, Napier Demson, Supeuntendent of
Dominion Meteorological Service, British Columbia Division,
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The tests were made by using an improvised pressure tester that could indi-
cate breaking points on the peeled surface of the fruit of from 15 to 175 grams
(fig. 39). The comparative firmness of the different fruits was obtained by
determining the lowest weight required to puncture the peeled flesh when the
weight was dropped from a height of one-sixteenth of an inch. Tests were
made at four different points on the surface of the tomato and the lowest
pressure was recorded.

F16. 38.—Glass cage set up in position over one-half of a tomato plant to expose it to high
temperatures during the day, showing arrangement of the maximum and minimum
thermometer, hygrometer, soil thermometer, and atmometer used in the tests. Note
the untreated, check portion of the vine at the left.

Results

1. The Relation of Breaking Point to the Time Elapsed Since Application
of Heat~-As indicated in chart 2, tomatoes were picked from the vines from
6 to 49 days after they were exposed to high temperatures and the breaking
points of fruit from both the treated and untreated (control) parts of the
plants were determined. The results show (a) that tomatoes exposed to high
temperatures have a lower breaking point, that is, are softer, than those
exposed to more uniform temperatures; (b) that there is a decided parallelism
in breaking points between the fruit from both treated and untreated portions
of the plant, and (c) that there is a general tendency toward softer fruit as
the season advances.

2. The Relation of Harvesting at Different Stages of Maturity to Soften-
ing Fruit at Full Maturity—Mature tomatoes at all stages of ripeness from
red ripe to green were picked and divided into forty groups as shown in chart
3. The fruit was stored in a warm room and when it became fully ripe, the
breaking point was determined. From the results it would appear that early
or late picking does not affect the eventual softening of the fruit and that the
tendency of fruit to soften develops at an early stage of growth.







141

0

“TomATO BREAKDOWN" INVESTIGATION (1929)

Relalion of breaking poinl lo the time
elapsed since applicalion of heat

B:rcaking FPoints

i Grams Pressure

160

140

100

80

6o

s

B8
\Can trol

Plant

o
012345

\

1

A
Trealed]
V2l

4.’&1‘6‘38'

ezt Av

3 T6-2.6

Llaqe—éh

4

Wrera ge

L4 - 476

Breaking Poials

i Gexnvr Fressvre

10

15

30

Chart 2.,

40

Tomaro Breanvown ™ InvesTicntion (1929
Helation ofﬁarvesh)g al different Jfaj/es ofmafi:rz'l'_')/

Zo softening of Aot al full m:zfvrz'l"');_

45

60

90
85

A: Ave

rage Breé/ung

b

80
75
70

/

N

iLow!

ST

Pornl for Groy

v m @

65
[

a

55
50

N/

\
|

A

45
4o
35
3o

/
N

<
7

N

r>»

YAV
vV

v

<

=
7</

AN
NV
Y

25
20
15

10

<

<]

123 + S

Red.
repe |
Red 2

o

5
2k % ¢
- <
% 34y §8 e
.5 Wy CEa L (R
& 45 8° 225 e
LR £3e o

—

2s

W

Bnk ont
Y% greem

. Charl 3.

30 385 # 4o
0.

¢ Wy 358

0™ 9 Zo? [F$)

£g 8 £o% SEe

Al FERY L]
P TRY 5%
[P Mg ©



142
Control of Cucumber Scab (Cladosporium cucumerinum Ell. & Arth.)
(D. J. MacLeod, Fredericton, N.B.)

Cucumbers have been grown successfully in the Saint John Valley for the
past two decades. While the quantity of production is governed by and
restricted to local demand, the crop is becoming more important each year.

During certain seasons, the yields are materially reduced on account of the
prevalence of diseases. Among the most important of these is cucumber scab,
caused by the fungus Cladosporium cucumerinum E. & A., which has been a
serious limiting factor in the production of this important crop during the past
fifteen years. In view of the importance of the disease, preliminary experi-
ments were carried on in 1929 for the purpose of developing control measures
for this malady, applicable to local conditions.

A brief deseription of the disease is as follows: The leaves, stems and
fruit, particularly the latter are attacked. Affected leaves develop a light
green water soaked area on the upper and lower epidermis. As the fungus
becomes established, the affected tissue dies and takes on a brownish yellow
colour. Affected areas usually enlarge and frequently coalesce finally involv-
ing the entire leaf surface.

Fi16. 40— Scab, (Cladosporium cucumerinum) on cucumber, showing incipient and
advanced stages of the disease.

Lesions similar to those on the leaves occur on the stems. Incipient stages
on the fruit appear as gray slightly sunken areas, approximately one six-
teenth of an inch in diameter. The canker thus formed becomes darker with
age and the collapsed tissue more and more depressed until a pronounced
cavity is formed. This cavity is lined with a dark green velvety layer of the
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becomes darker and by late fall it has become perfectly black. It remains like
this until the following spring when the knot usually extends its boundaries
(fig. 41). \

IsoraTions.—Investigations regarding the life-history of the organism were
begun by attempting to isolate the organism from living knots. About 150
isolations have been made to date from both plums and cherries. The early
isolations were made chiefly from the conidia-spores of the fungus. Later
ones were made directly from the stromatic tissue of the knot itself. In the
majority of cases where pure cultures were obtained from the above isolations
there resulted a form which developed black pyenidia. This form has been
tentatively placed in the genus Coniothyrium and may possibly be the pycnidial
form of the black knot organism. Among other forms which appeared in the
cultures was a Cephalothecium sp. and a Vertictllium sp. Close observations
showed that both of these species are saprophytic probably on the stroma of
the knot itself.

Ascospore DiscHARGE—Ascospores of Dibotryon morbosum  (Schw.)
Theiss & Syd. are generally considered to be the cause of primary infection in
the spring but nowhere in the literature concerning black knot appear any data
concerning the time or period of ascospore discharge. It was therefore deemed
advisable to obtain some information regarding this factor in order that a
- correct spray schedule could be drawn up.

Spore traps were set out on February 26 for this purpose. These consisted
of lightly-vaselined slides retained a short distance from the surface of the
knot. These were replaced by fresh slides after every shower. The earliest
discharge recorded was on March 23. Discharge continued after every rainfall
until June 25, after which date no further discharge was recorded. Pycnospores
belonging probably to the same fungus as those in the cultures attributed to
Contothyrium sp. were discharged along with the ascospores during most of ithe
period of discharge.

GrowTH or Kwors oN Prum Truoes—Thirty-three knots were tagged and
their features recorded in March, 1929. At this time the average size of the
33 knots was 3-8 inches long, by 0:6 inches wide. Seven months later in
October at the end of the growing season these same knots averaged 6-1 inches
by 0-9 inch, in diameter. During one growing season they had increased 60
per cent in length and 50 per cent in diameter.

InrrcTION EXPERIMENTS.—Inoculations with the various fungi isolated
from knots were made to ascertain the pyenidial form or forms of the organism
and to demonstrate if possible, the development of knots from artificial inocu-
lations.

Table 75 gives a list of the inoculations carried out to date. Since previous
investigators were practically all unsuccessful in reproducing the disease arti-
ficially, it was obvious that special attention must be given to the method of
inoculation. It was thought that lack of moisture during the incubation period
might have been responsible for the negative results so far obtained, so it was
decided to conserve moisture as much as possible for several days after the
inoculations were effected. Consequently, inoculations were all wound with
moistened blotting paper which was then covered with cotton cloth which had
previously been immersed in a warm fifty-fifty mixture of paraffin and vaseline.
This cloth proved to be quite waterproof and prevented evaporation from the
blotting paper. Later, however, this cotton was replaced by oiled paper.
Previous to inoculation all twigs were washed with mercuric chloride 1-1000
and afterwards with sterile water.

20437—10
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TasLE 75.—INocurATIONS CARRIED OUT IN AN ENDEAVOUR To PrODUCE Bracx Knor oN Prum TrRees

Date , . Number ’
of Organism Method of inoculation . of Remarks
" inoculation inoculations|
July 29, 1929/Coniothyrium..|Injured;* no covers..................... 10 |No knots as yet.
Aug. 13, 1929(................ Injured a(ild inserted bits of knot stroma,; 10 |Knotsdeveloped.
covered.
“ 27, 1929|Coniothyrium, . |Injured; placed culture tubes over cut-off 2 |No knots as yet.
twigs.
27, 1929|Cladosporium... |Injured; placed culture tubes over cut-off 2 |No knots as yet.
twigs.
“29, 1929, .. ... Injured and inscited bits of knot stroma; 8 |Knots developed.
covered.

“ 80, 1929(Coniothyrium, . [Injured; covered..............covvvvvunn.
Sept. 10, 1929|Coniothyrium. . (Injured; (celluloid covers)...............

“ 11, 1929(Coniotyhrium. . [Injured; covered...........ovovvvvvrnn..
Coniothyrium. . [Uninjured; covered.....................
“ 11, 1929|Coniothyrium. . |Injured; covered..........
Coniothyrium. . |Uninjured; covered...........
“ 11, 1929|Check.......... Injured; covered, no inoculum...,....,..
“ 16, 1929|Coniothyrium. .|Injured; covered.........o.vvvvvrinn. s,
17, 1929(Coniothyrium. . [Injured; covered........ovvvvrennvrrnnn.

No knots as vet.
No knots as yet.
No knots as yet.
No knots as yet.
No knots as yet.
No knots as yet.
No knots as yet.
No knots as yet.
No knots as yet.

—
(SR R XVLRULES SV, Jo ok

* Nore.~Injured means a slit was made in the bark and inoculum inserted therein.
T Nore.~—Inoculated on sweet cherry.

It will be noticed that on September 10, eight inoculations were made, over
which were placed celluloid covers. These were used in order that sunlight
might reach the inoculations and that they might be watched over a period of
a year or more without exposing them to contamination from outside sources.
The covers were made in the following way: A strip of celluloid about 8” long
was rolled in the form of a cylinder about 13” in diameter. The longitudinal
seam in the cylinder was sealed with ether. After slipping the cylinder over
the top of the twig and down to the inoculated portion both ends of the open
cylinder were plugged with moist sterile sphagnum moss. The sphagnum was
moistened one a week for three weeks subsequent to inoculation.

From table 75 it will be observed that in the inoculations where bhits of
young knot stroma were used as the inoculum and kept covered for a period of
over 14 days, typical knots developed. In the experiment carricd out on August
13, three covers were removed 7 days subsequent to inoculation. Seven days
later, three more were removed. To date these six inoculations have shown no
outward sign of knots.  The remaining four with ‘covers still attached, all
developed typical knots. It will be noticed that the remaining inoculation
experimerts were carried out well towards the end of the growing season. Tt
seems quite definite that there must of necessity be cambial activity in order
that knots may develop either artificially or naturally. The result is that the
majority of inoculations were carried out so late in the season that it would not
seem possible to obtain visible iesults as yet. A number of these already appear
promising but it is too early to state anything definite ¢oncerning them. Inves-
tigations aiming at improved control measures arc also under way, but as yet
there is nothing to report.

Spur Blight of Raspberries"‘
(L. W. Koch.)

Investigations concerning this disease were continued during the current -
year with regard to the following: taxonomic position of the spur bligth fungus;
spore discharge; leaf infection and control measures.

*The work on spur hlight has been a co-operative project between this laboratory and
the Department of Botany, University of Toronto.” '
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mycelium of the causal fungus. Sometimes a viseid substance is exuded in
drops from the affected parts. Where this exudation is generally present, it is
often referred to as gummosis. Occasionally the leslons coalesce forming spots
of one-half an inch or more in diameter.

The causal fungus is composed of greenish coloured mycelium, short simple
conidiophores with ovoid one-celled spores, borne terminally. In leaf lesions,
knots of hyphae collect in the stomatal cavity and the conidiophores arise from
these knots and protrude through this opening. The organism thrives best in
humid, warm weather, 77° being the temperature for optimum growth.

The experiment proper consisted of six plots comprising one-tenth of an
acre each, Five of these received applications of the different fungicides tested,
while the sixth serving as a check received no treatment. Each plot contained
fifty hills of cucumibers, with an average of from three to five plants in each
lall. The project was conducted in duplicate, and the plots were so arranged
as to include as far as possible variations due to unknown or uncontrolled
causes.

The season of 1929 was quite unfavourable for the development of cucum-
ber seab, due to the unusually hot, dry weather conditions obtaining during the
months of July and August. Nevertheless, a sufficient amount of the disease
oceurred, to afford a comparison of the fungicidal merits of the different
strengths of Bordeaux spray and dust mixtures tested for the ‘control of this
disease under such extraordinary conditions. Each treated plot received two
applications of fungicide. The fungicides were applied by means of a Niagara
hand duster and a Fairbanks-Morse hand sprayer. '

The first evidence of the disease was recorded on August 8 in the check
plot. No disease appeared in the treated plots until August 14 when a few
slightly affected plants were observed in the (20-80) copper-lime-dust plot.

The following table (74) includes a list of the fungicides compared,
together with the percentages of disease -recorded on September 19. '

TasLE 74 —CucuMBER ScaB CoNTROI—COMPARISONS

TFoliage Percentage of disease
TFangicide injury -
Slight Moderate Severe
Bordeau¥ Spray (2-6-40).. Ki] 3 1
“ “(3-6-40).. S 2 0
«“ “ o (4-6-40).. 20 9 5
“« «  (5-G-40).. 22 15 2
“« “ (d-4-40) 12 5 2
Copper-lime dust (20-80) 18 10 5
CheCK. ettt e e " 26 15 4

The foregoing results demonsftrate some useful possibilities in the direction
of controlling cucumber scab under local conditions by means of spraying.
Bordeaux mixture prepared according to the (2-6-40) and (3-6-40) formulae
produced the best results, as indicated by the fact that no copper njury and
less disease ‘occurred in the plots, so treated. Slight foliage njury occurred in
the plots treated with (4-6-40), (5-6-40) and (4-4-40) Bordeaux spray and
(20-80) copper-lime dust, which indicates that these fungicides cannot be used
with safety on cucumber folinge. A noteworthy feature of the entire experi-
ment was that all the plants which received fungicidal treatment remained
vigorous for three weeks longer than those in the check, thus giving a greater
yield towards the end of the season.
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Examinations of the spus blight perithecia at various times have now
definitely proven that instead of assigning the fungus to Mycosphaerella rubina
(Pk.) Jacz., as has been the case for the past 36 years, it ought to be attributed
to Didymella applanata (Niessl) Sacc., hitherto a European species attacking
raspberries.

Regarding the imperfect stage of spur blight in America, both a Phoma sp.
and a Coniothyrium sp. have been held responsible. We are now able to state
definitely as a result of inoculations and isolations that the Phoma sp. is the
only imperfect stage of D. applanata (Niessl) Sace. The Coniothyrium sp.
has been definitely proven to be the imperfect stage of a different fungus, namely

Leptosphaeria coniothyrium (Fel.) Sace.

Spore traps were set out on May 2 to ascertain the period and amount of
ascospore discharge. Attempts were then made to correlate the meteorological
data available with the ascospore discharges. The ascospores were observed to
discharge between May 7 and July 7. Of the various meteorological factors,
rainfall was obviously the most important one. The results indicated that gen-
erally speaking, the rate of discharge varied directly with the amount of rain-
fall provided all the perithecia or ascospores concerned were of the same degree
of maturity.

During the summer of 1929, one hundred and thirty leaves of the Cuthbert,
Ohta and Herbert varieties were inoculated chiefly with spore suspensions of the
Phoma stage. Infection of various degrees developed on fifty four of these,
thereby definitely establishing the leaf infection ability of the spur blight fungus.
Leaf infection becomes apparent first as small spherical brown areas generally
associated with a vein. These enlarge, extending more rapidly along the vein
axes than in the mesophyll tissue. In time the infected area becomes more or
less irregular in outline commonly becoming triangular in shape with the widest
portion towards the margin of the tip of the leaf. Fig. 42 shows a naturally
infected Herbert leaf with each leaflet infected.

Regarding control measures, the results of the two years spraying experi-
ments are presented in table 76. Bordeaux mixture was employed in the ratio
of 3:5:40 to which 2 pound whale oil soal was added to serve as a spreader.

20437104 F1c. 42—Spur blight of raspberries as it affects the leaf.
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The results presented in the table (76) above indicate that spur blight can be
fairly suecessfully eontrolled by the use of Bordeaux spray. During the past two
years we have had no injury of the raspberry foliage by the Bordeaux mixture. .
In some seasons however, Bordeaux is apt to cause some injury to the foliage.
We observed cases of this in 1924. It is our intention therefore to find a spray
material for raspberries that will not cause injury and at the same time will be
a good fungicide. All of our present fungicides, particularly lime sulphur,
bordeaux and wettable sulphur, are apt to cause injury in some seasons.

Various Spraying Demonstrations and Field Experiments
(G. C. Chamberlain).

(a) Cumrry LmAT spoT (Coccomyces hiemalis Higgins)

Durihg the past two years, sour cherry orchards throughout the district
have been severely affected with leaf spot, or as it is sometimes called, Shot hole
or Yellow leaf. This infection resulted in heavy defoliation, in some cases,
complete defoliation early in the season. In such cases, the crop was nil
Spraying practices were apparently ineffective in controlling this disease and for
this reason, as well as the fact that there is considerable uncertainty as to the
proper spray materials to use on the sour cherry, a study of the leaf spot
disease has been inaugurated. Mr. W. H. Bunting kindly placed at our disposal
a sour cherry orchard, for this purpose. We are very grateful indeed to Mr.
Bunting for his co-operation. The orchard had been for two years very severely
affected with leaf spot. The orchard, comprising 166 trees, was divided into
eight blocks and treated as follows (Table 77):—

TaBLE 77 —~TREATMENT OF DIFFERENT BLOCKS

Block Madterial Application . Remarks
7 Y Lime sulphur....... Shucks spray.......
Colour spray........
2 weeks spray....... i
B, Bordeaux............ Shucks spray.......
Coloulr SPLay........ R L
2 wecks spray....... St e !
L O T Bordeaux and 3% {Shucks spray....... o ¥y
pounds aluminium|Colour spray........
sulphate. 2 weeks spray.......
1 Bordeaux........... Shucks spiay.......

Lime sulphur....... Colour spray...

.|Bordeaux applied only at time of shuck
2 weeks spray ..

spray.

E........c.o..o00e |Lime sulphur. ... Shuck spray.
Lime sulphur. ..|Colour spray.
Lime sulphu .|2 weeks spray..

- |Bordeaux applied after harvest.

Bordeausx. .. .. |After harvest... ..
Fover i Bordeaux. .. ...[3petalfall.......... Bordeaux applied ouly at time of $ petal
Lime sulphur.......|Colour spray........| fall.
Lime sulphur....... 2 weeks......oonnnn
G e Lime sulphur....... 2 petal fall..........
Colour spray........
2 weeks spray.......
L No sprays.......... Check block........

Nore—Lime sulphur was 1 to 40 strength and Bordeaux was 3-6-40 strength.
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The season proved distinetly unfavourable for the leaf spot fungus as no
infection developed in the check blocks of the orchard which previously had
been so severely affected. This was the situation generally throughout the
Peninsula. Leaf spot was conspicuous by its absence this year. No results as to
the effectiveness of the various spray applications in controlling leaf spot fungus
could therefore be obtained from this experiment. The study of the leaf spot
disease will be continued next year.

The effect of the spray applications on the production and size of fruit is
shown in the following table:— :

TABLE 78,—IrFECT OF SPRAY APPLICATIONS

Size Production
’ of fruit, Weight | in 11 quart
Block diam, per 5,000 | baskets of
32nd of cherries .| 5 trees in
inch* each bloek
1b.
23-41 363 12
23.32 391 13
23-07 36% 13
24.55 43 13
23-20 37 15%
2375 413 13%
23-76 41 112
23-83 39 i

# Figures in column 1, average of 1,000 cherries.

The orchard produced a fair crop of cherries in spite of the fact that for two
vears the trees had lost their foliage prematurely as a result of leaf spot. .

The cherries from Bordeaux sprayed trees were again smaller in diameter
than those from lime sulphur sprayed trees, as has been shown in our Annual
Reports for the Jast five years. A comparison of the diameters of cherries from
Blocks A and G with B will demonstrate this. In this connection it is interesting
to note that the cherries from Blocks D and F (Bordeaux and lime sulphur)
compared very favourably with lime sulphur blocks A and G. This would tend
to point out that a single hordeaux spray at shucks time does not decrease the
size of the cherries if the later applications are made with lime sulphur. Tt
must be understood of course, that these results are for one year only and there-
fore must be repeated over a periol of years before any definite conclusions can
be arrived at.

In Block C, aluminium sulphate was added to the regular Bordeaux to test
the effect of this material in combination with Bordeaux spray. The smallest
cherries were harvested from this block although the difference in diameter was
but small. Also the greatest defoliation occurred in this block. We received a
report of one other instance where lime sulphur combined with aluminium
sulphate caused serious yellowing and drop of leaves.

Yellowing of the leaves and leaf drop occurred in all blocks to some extent.
This yellowing appeared suddenly on June 17th and disappeared with the
dropping of affected leaves. It was thought that the cause of this yellowing was
due to the drought conditions and weakened vigour of the trees. No fungus was
isolated from affected leaves and with rain the yellowing disappeared. Later in
the season yellowing reappeared, following a second period of drought.

The extent of yellowing and leaf drop in the various blocks on September
11th is shown in table 79.




151

T'ABLE 79—PERCENTAGE OF T'REES OF VARIOUS BLOCKS SHOWING DirFeRENT DEGREES OF YELLOWING OF

LEAvEs
Per cent Yellowing and defoliation
Block normal -

green

foliage 15% | 25% | 40% | 50% | 656% | 75% | 90% | 100%
A e e 52.9 1235|176 | 0 0 0. 581 0 0
B e e e 0 0 27.21 0 500 0. (227 0 0
Gt et e 0 0 0 471276 0 33-3 | 14.2 0
D et e, 7.1 [10-7 (250 7.1({39-2| 85 71| 0. 0
Y 11.5 {15-3 | 46:1| 3.8]23:0| 0 0 0 0
i B N 40.7 | 11.1].25.9. 0 22:21.0 0 0. ]
Gttt s i et 47-6 0 190 0 33:3| 0 0 0 0
PN 0 12:5 1 12.5| 0 3751 0 25-0| 125 0

At this time the best block was undoubtedly Block A, a lime sulphur
sprayed bloek. Block B, copper sprayed, and Block C, copper with aluminium
sulphate, showed considerable yellowing and defoliation. Earlier in the season
this greater yellowing of the leaves in the copper sprayed blocks was also noted.
In the blocks receiving one application of copper during the schedule, little
difference was noted on the oceurrence of leaf yellowing.

The spraying demonstrations on cherries this year again point out that
Bordeaux mixture causes a dwarfing of the fruit. This has been clearly demon-
strated each year for the past six years. From the experiments outlined above,
lime sulphur has caused less defoliation than Bordeaux. Of course it is to be
pointed out that these results, in so far as defoliation is concerned, are for -one
year only and must be repeated over a period of years before definite conclusions
ran be drawn. Observations made during the past five years would tend to
bear out this, however. It is particularly interesting to note that the blocks
recelving a Bordeaux spray at shucks time followed by lime sulphur in the later
sprays had very little defoliation, .

(b) FALL SPRAYING OF PRACHES FOR CONTROL OF LEAF CURL
(Taphrina deformans (Berk.) Tul.)

The practice of fall spraying to control leaf curl of peaches has been dis-
couraged somewhat on account of two reported cases of severe injury to the
buds and twigs. However, it is quite true that fall spraying has many dis-
tinet advantages over spring spraying provided it is safe. During the: last five
years there have been two severe epidemics of leaf curl due to the fact that
weather conditions in early spring would not permit the -spraying of- peach

crchards in time. In such seasons, fall spraying, if found to be safe, would save .

the industry many thousands of dollars. With this object in mind the™ St
Catharines laboratory has started a comprehensive study.of peach leaf curl
fungus, paying particular attention to the possibility of fall spraying for its
control. We are particularly-anxious to ascertain the set of conditions. that may
produce injury with fall spraying in order to be able to avoid them if possible
in the future. With this object in mind a series of sprays is contemplated: for
each month of the dormant season. For this present year, however, we have
to report only for the regular fall spray as practised in other years, and -the
results of which are given below in table 80.
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TABLE 80—FALL SPRAYING oF PEACHES

Per cent
Date of leaf Number of
- Block . of Material curl. peaches, Remarks
application May 20, 10 trees
’ 1929
A, Dec. 12, 1928..|Lime sulphur 1-8........ 4-9 5,421
Bovirinonn April 9, 1929..|Lime sulphur 1-15....... 24.9 1,766 {Buds burst exposing 3”
green tissue,
C....... ....|April 13, 1929..|Bordeaux oil............ 1243 2,592 |Buds burst blossoms
showing white. :
Dovrrnnnnn NOSPIaY..ooveireneranenanns PN 62-1 [No harvest.

This season was particularly favourable for leaf curl infection. The check
block suffered practically complete defoliation as a result of curl infection. The -
results obtained are therefore very striking. The spring applications were
applied later than is recommended, but as early as the condition of the land would
permit. In fact, very little spraying had been done in the district at the time
of these applications. As seen from the above, fall spraying increased the crop
by 2,829 peaches. In an orchard of say 1,000 trees, the increase on this basis
would amount to 282,900 peaches. Truly a stupendous increase. However, it
must be clearly understood that these results are for one year only and that no
injury whatever resulted from the fall spraying. The injury this year resulted
from spring spraying in the sense that spring spraying was too late to effect con-
trol. Fall spraying this season was entirely satisfactory. IFall spraying, along
with spring spraying, for leaf curl will be a yearly program at the St. Catharines
laboratory until something of a more definite nature is known concerning the
possibilities of injury from fall spraying., It is interesting to note from the above
table that Bordeaux oil gave better control than lime sulphur, even although the
Bordeaux was applied four days later.

( C) SPRAYING EXPERIMENTS FOR THE CONTROL OF SCAB ON PEACHES

Scab, or black spot of peaches, is becoming more serious each year. It has
been found difficult to obtain good control of this disease by the present spray
schedule. The following experiment using various spray materials was carried
out in an endeavour to find a better fungicide for scab control. However, very
little scab was present this year, and therefore no clear-cut results were obtained.
This experiment shall be continued over a period of years. We shall also
endeavour to improve the spray schedule itself, basing such improvements on
the life history of the fungus. '

TABLE 81—SprAYS USED FOR ScAB ON PEACHES

Bloek Material Applications
A e e Lime sulphur 1-50................... Shucks.
Aluminium sulphate 3% pounds.......[2 weeks lator.
B e e v eiriaaes Wetiable sulphur.................... Shucks.
7% pounds to 40 gallons..............
[ 2 e Wettable sulphur.............. P Shucks,
7% pounds to 40 gallons. ............. 2 weeks later.
Divrrriiiieievanne T Zinc sulphate. .....ooovveerviniiiaon, Shueks.
4 pounds Zine sulphate, 2 weeks later.
3% pounds Hydrated lime,
% pound Casein. _
B e s T Check........... e P No sprays.
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The shucks applications were applied June 11 and the two weeks spray
June 24, Zinc sulphate is a new spray for peaches and was first tried in
Indiana. This spray material proved easy to make up and to apply and is very
promising as a spray for peaches. The results of this experiment are shown in
the following table (82). A block of Elberta peaches was used.

Tanie 82—RESULTS OF SRAYING FOR PracH ScAB

| Per cent Per cent Per cent
Block Pgiegglt light medium severe
’ scab scab scab
................................................... 83-0 13-7 2-6 0:6
........................................ 666 24-2 5.5 35
........................................ 83-8 11-1 3-7 1.2
........................................ 89.2 8-0 2.2 04
................................................... 76-0 18-4 4.8 1.1

The season was not favourable to heavy scab infection, although light scab
infection developed late in the season. No scab infection was noted on the fruit
on July 20. Truit showing one to five pin point scab spots was recorded as
light scab infection; five to ten spots, medium infection; over ten, severe infec-
tion. The results show that zinc sulphate (Block D) gave the best results in
controlling scab. Lime sulphur (Block A) and wettable sulphur (Block C) also
gave good control. No injury from the use of lime sulphur 1-50 and aluminium
sulphate was to be noted. In Block B, where wettable sulphur was applied at
the time of the shucks only, no control was obtained. Zinc sulphate has promise
as a foliage spray for peaches. The cost per 40 gallons of spray material was
764 cents, compared to a cost of 43 cents for a similar amount of wettable sul-
phur spray. The addition of calcium caseinate to the zinc sulphate spray gives
added spreading and sticking quality to the spray.

(d) SPRAYING EXPERIMENT FOR THE CONTROL OF APPLE SCAB (Venturia inoequalis
Aderh.)

The young MecIntosh block of apples was sprayed as follows:—

T aBLE 83—RESULTS OF SPRAYING FOR CONTROL OF APPLE SCAB

Per cent;
leaf
Block Madterial Application Date infection
Sept. 19,
1929
. Lime sulphur 1-40...{1 April 24. ...
2 May 11.... 1-8
3. May '28....
4, June 24, ...
Bt Bordeaux.......... 1. April 24, ...
3-340........... 2 May 11.... 2-3
Wettex........... 3 May 928....
4, June 24....
C e i Cheek.............. NO SDIAYS. .t it eeieiiieineana]inineninans 1.0

The season was not favourable for heavy scab infection. The leaf lesions
recorded were largely those of late infection. There is not sufficient difference
in the two sprayed blocks to draw any conclusions. The previous year in a like
experiment it was found that Wettex applied for the later applications did not
protect the fruit from the late infection nearly as effectively as lime sulphur.
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This year with scab infection less general the same tendency is seen. During
the last two seasons spraying demonstrations have shown that in substituting
Wettex for lime sulphur or Bordeaux there has been less foliage injury but
control of scab has not been as satisfactory.

(¢) TuE SUSCEPTIBILITY OF VARIOUS VARIETIES OF APPLES TO SCAB INFECTION

The different blocks of various varieties of apples all received similar
treatment for scab control which was the same as in Block A of the MclIntosh
block. The percentage of scab infection present on the foliage of these young
trees on September 19 is shown in the following table:—

TABLE 84—PERCENTAGE OF ScAB INFECTION

Sprayed Check
blocks, blocks,
Variety . - per cent per cent

scab on scab on

foliage foliage
B N 3.1 4-5
Hume........ 24 171
Joyee........ 34 5.6
Courtland...............coooue 6-3 20:0
Fameuse....oovvvrvrenereenrnennnns 11 3.3
Northern Spy.....oooviveveninvnnnn.. 0-9 10-1
Delicious....oovvvvivviniiniennnns 1-0 ' 8-6
Duchess..... 1-6 11-4
Baldwin..... 4.5 244
Greening 9-0 *
MecIntosh 1-8 11-0

*Trees replaced.

Inspection ahd Certification of Raspberry Stock

This work was again carried on from this laboratory. The stock of nursery-
men and growers received two inspections and aid in roguing. In other
cases Inspections were made only upon request. A total of 120 inspections were
carried out comprising approximately 200 acres of 1aspbeuies As a result of
these inspections, 30 growers including the nurseries were given certificates for
disease-{ree stock.

Ascospore Discharge of Venturia Inaequalis
(G. C. Chamberlain.)

During the past six years, while conducting spraying experiments to control
scab disease of apples, observations were made on the periods of ascospore
discharge. These data are recorded here along with temperature and premplta-
tion record since there appears to be a striking correlation between environ-
mental factors, particularly temperature, and discharge of ascospores over a
number of years.

The data were secured from over-wintered leaves of the MeIntosh variety
showing abundant perithecial production. These leaves were kept out-of-doors
placed in position on a gunny sack, to prevent splashing of mud, and held in
position by nails. Above the leaves were placed microscopic slides smeared
with vaseline. These slides were changed and examined after every period of
rainfall from the time that ascospores were seen to be mature until no further
discharge was noted. The relative amount of diseharge occurring was noted as
being light, medium or heavy. The ascospores were generally found adhering
to the slides in clumps and the frequency and size of the clumps provided a
means of judging the intensity of discharge,
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TaBLE 85—AsSCOSPORE DISCHARGES

_ ‘ 1924 ‘ 1925 I 1926 | 1927 ‘ 1928 l 1929
Date of initial discharge................ May 16% May 1| May 19| May 4 | April 21 | April 20
Number of discharges.................. 11 11 12 17 14 15
Date of first major discharge........... June 6| May 7| May 19 | May 23 | May 17 | April 28
Date of final discharge................. June 28 | June 28 | June 26 | June 26 { June 27 | June 25
Number of days in discharge periods.... 43 58 38 53 67 66

* Actual initial discharge not obtained in 1924.

In comparing the mean temperatures of the months preceding ascospore
discharge with the initial ascospore discharges, a striking correlation is apparent
as will be seen from table 86.

TABLE 86—CORRELATION BETWEEN TEMPERATURE AND ASCOSPORE DISCHARGE

Initial ascospore
Average : .
Year October | November | December mean discharge

temperature Date ‘ Year
V2Bt a7. 38-2 35-4 404 | May 16 | 1924
1024, ..ttt e 523 40-8 24.6 39-2 May 1 1925
1925, i 44-0 38-4 27-4 366 May 19 1926
1926. ...t i e 50-5 39-8 25-3 385 May 4 1927
1927 i 55-1 44.3 30-1 43-4 April 21 1928
1928, oo 53-8 41-3 34-1 43-0 April 20 1929

Nors—Ascospore discharge in any year is to be compared with the tem-
perature of the fall months preceding, that is, the discharge of 1925 is dependent
upon the fall temperatures of 1924.

From the above table it is apparent that there exists a correlation between
the mean temperature of the fall months and the date of initial ascospore
discharge the following spring. For instance in both 1928 and 1929, initial
ascospore discharge took place on April 20 and April 21 respectively and the
temperature for the fall months preceding was 43.4 and 43.0 respectively. In
other words, the highest fall temperatures were in 1928 and 1929 and these tem-
peratures were followed in turn, by the earliest ascospore discharges. Con-
versely the lowest fall temperatures were experienced in 1925 and 1926, namely,
36.6 and 38.5 respectively, which were in turn, followed by the latest ascospore
discharges, namely, May 19 and May 4 respectively. This points out a striking
correlation which may be found to be of some value from the standpoint of
control. The following chart (fig. 43) shows this correlation very clearly.

When the mean temperature of the winter months, January, February and
Magc%l are compared no such correlation is apparent as can be seen from table
87 below.

TABLE 87— CORRELATION BETWEEN TEMPERTURE AND ASCOSPORE DISCHARGE

Mean temperatures A Initial ascospore
. velage ¢ .
Year mean tem- discharge
January February March peratures Date Year
21.0 19-4 30.2 23-5 May 16 1924
21-5 286 36-2 28-7 May 1 1925
25.0 22.9 23-6 238 May 19 1926
24.4 29.7 37-1 30-4 May 4 1927
26-6 26-4 31-9 28-3 April 21 1928
24.0 226 37-9 28-1 April 20 1929
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There does not appear to be any correlation here hetween the winter months
of January, February and March and time of ascospore discharge. 'In this
respect, our records do not bear out the contention of Howitt & Evans®, who say
“The mean temperature of the winter months, especially of January, February
and March has a marked influence upon ascospore development and primary
discharge in the spring in Venturia incequalis.”’ :

30

20
10 5
May}zu o
20 35°
30 . ) 30"
April 1 . 25°

1925 1926 1927 1328 1929

Chart Showing Correlation Befween Mean Temperatures
and. Initial Ascospore Discharges.
Legend ~ N Average Mean Temperature of Fall Months
October November December.,
Initial Ascospore Dischorge.

T1¢. 43-—Correlation belween temperature and ascospore discharge.

However, when the mean temperature for the six months preceding asco-
spore discharge is compared as above, the same correlation is apparent as when
the fall months (October, November and December) alone are compared. Table
88 brings this out clearly. Howitt & Livans® also found a correlation between
this six months period and time of initial discharge. :

TABLE 88—CORRELATION BEFWEEN TEMPERATURE AND ASCOSPORE DISCHARGE

SO =G

— 1924 1925 1926 1927 1928 1929
Mean temperature for October.......... 47-8 52-3 44.0 50:5 55-1 53
Mean temperature for November....... 38.2 40-8 38-4 39-8 4.3 41.
Mean temperature for December........ 354 246 274 25.3 31-0 34
Mean temperature for January.......... 21-0 215 25-0 24 -4 266 24
Mean temperature for February. e 19-4 286 22-9 20-7 26-4 22
* Mean temperature for Maxch............ 30-2 36-2 236 371 31.9 37
Average mean temperature for Oct., .
Nov., Dec., Jan., F'eb. and Maxch.... 32-0 340 302 345 358 35
Date of initial discharge................ May 16 | May 1| May 19 { May 4 | April 21 | April 20

From the above it would appear that the temperatures of the fall months
play a more important part in connection with ascospore discharge than do the
temperatures of the winter months, January, February and March, This is
borne out by the fact that although the six months period (October, November,
December, January, February and March) shows a correlation as noted above,
there is no such correlation with the winter months (January, February and
Mareh), whereas there is a definite correlation between the temperature of the
fall months (October, November and December) and ascospore discharge. This
correlation for the fall months is identical with that for the six months period.
It would therefore appear as though fall months were the more important in
influencing ascospore discharge. ,

* Howitt, J. I, & Bvans, W. G., Preliminary report of some observationsjon Ascospore Discharge-
and Dispersal of Conidia of Venturia Inaequalis (Cooke) Wint, Phytopathology\Vol. XVI, August, 1926.
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Undoubtedly precipitation is an important factor in perithecial production.
Records for the past six years show that ascospore discharge in Ontavio is
directly associated with periods of rainfall. It would appear from our obser-
vations as though the temperature of the fall months plays its part in the early
stages of perithecial production and then as maturity approaches, precipitation
is the all-important factor related to actual discharge periods, This is hrought
ou;; to some extent at least by a comparison of the following tables (89 and
90) :(— .

TanLe 80—PrEcipiraATION, OCTOBER, NOVEMBER AND DECEMBER

— l 1924 | 1925 | 1926 ’ 1927 | 1928 l 1929
Precipitation, rain, Oct., Nov., Dee.....|.......... 2.31 6-15 7-928 9.33 760
Precipitation, snow, Oct., Nov., Dec....|.......... 8.75 8-00 13-50 2-50 2.00
Totalasrain........................... 8-92 3-185 6-95 8-630 9-58 7.80
Dato of initial discharge................ May 16 | May 1| May 19 | May 4 | April 21 | April 20

A study of this table does not bring out any definite correlation between
rainfall and ascospore discharge. On the other hand a study of the precipita-
tion for the winter months in comparison with dates of initial ascospore discharge
suggests a definite correlation. This is brought out in table 90 below,

TanLe 90—PrEcIrITATION, JANUARY, FEBRUARY AND MARCH

—_— | 1924 I 1925 1926 1927 . 1928 1929
Inches of precipitation, vain.............|.......... 4.58 2:63 4.69 4.72 5.64
Inches of precipitation, snow. 75 24.25 19.25 27-50 24.50

21-
Total as rain—1 inch snow = &; inch rain 7.87 6:755 5.055 6-615 7-470 8.090

Date of initial discharge...... w ......... May 16 | May 1| May 19 | May 4 | April 21| April 20

As noted above, the greatest rainfall occurred in 1928 and 1929 when also the
earliest ascospore discharge took place. In 1926 and 1927 the least rainfall
was experienced and here also the ascospore discharge was delayed the most.
This suggests a correlation between rainfall of winter months and ascospore
discharge of spring. This correlation is brought out clearly in diagram form in
the chart below (fig. 44).
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F1¢. 44 —Correlation between precipitation and initial ascospore discharges.
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In comparing the rainfall for the six months period as was done for tem-
perature, there does not appear to he any constant correlation between precipi-
tation and ascospore discharge, Following the same reasoning here, as was
outlined above for temperature, it follows that the precipitation of January,
February and March has a more direct connection with ascospore discharge
than has the precipitation of October, November and December. It therefore
follows {from the above that a fairly definite correlation can be shown between
the mean temperature of October, November and December and ascospore dis-
charge on the one hand, and between precipitation during January, February
and March and ascospore discharge, on the other.

In explanation, it might well be that temperature is the more important
factor in the early stages of perithecial formation and differentiation but once
the final stages. of maturity are approached, moisture may then become of
greater importance. Itis definitely known for instance, that the actual discharges
in the spring depend upon precipitation. This is clearly shown by fig, 45 which
gives the ascospore discharges for the years 1925 to 1929 as related to precipita-
tion. Tt is to be noted that in every case discharge takes place during a period
of precipitation.

Some instances have been noted where rainfall took place with no ascospore
discharge resulting, In these cases the perithecia were likely temporarily
exhausted of mature ascospore and hence no discharge. There is no direct corre-
lation between amount of rainfall and intensity of discharge. Heavy dis-
charges sometimes follow light rainfalls, and conversely, light discharge some-
times follows heavy rainfalls. Sufficient rainfall to thoroughly wet the leaves
appears to be all that is necessary to cause discharge. See Figure 45.

There is a great variation in the number and intensity of discharges, Some
vears the major discharges are early, while in other ycars they are greatly
delayed. This was quite marked in 1924 when the heaviest discharge occurred
on June 13, just four days after the calyx stage of the host. In 1929 the period
of major discharge occurred.shortly after the host was in the delayed dormant
stage. When the period of major discharge occurs early in the development of
the host, the control of scab is more difficult.

In this connection it is interesting to note that in those seasons of greater
rainfall (January, February and March) the major ascospore discharges in
most cases have taken place earlier than in seasons of less rainfall, The fol-
lowing table (91) points this out. The year 1928 is, however, an exception.

TaBLE 91—RAINFALL AND MAsor DisciiARGe PERIODS

_— \ 1924 ‘ 1925 ‘ 1926 1927 1928 1929
Rainfall ... 6-755 5055 6-615 7.470 8-090
Initial discharge........................ May 16?] May 1| May 19 | May 4 | April 21 | April 20
Major discharge........................ June 13 | May 7 | May 31 | May 23 | May 17 | April 28

For instance, in 1929, the season of greatest rainfall, the major discharge
was the earliest, namely, April 28. In 1926 the season of least rainfall, the first
major discharge was the latest, namely, May 31. In 1925 and 1927 the rain-
fall was quite comparable being 6-755 and 6-615 inches and the first major
discharge was May 7 and May 23, respectively. In 1928 with a rainfall of
7470 inches (the second greatest rainfall), the first major discharge took
place May 17. In this year the correlation does not hold true because the
rainfall for 1928 was greater than in 1925, yet the major discharge was delayed
ten days., The reason for this delay was that no rain fell from April 30 until
May 17 (see fig. 45), hence thel:e was no possibility of ascospore discharge
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Strawberry Root-Rot '
(A. R. Walker)

Work on -the strawberry root-robt was resumed at the St. Catharines
laboratory the second week in May. The investigations of the two preceding
years had indicated that certain lines of approach were most promising. These
aspects of the problem were continued and new ones added.

During the season of 1928 a number of plants of Glen Mary and Wm. Belt
varieties were inoculated with either Fusarium sp. or Ramularia sp. In either
case the inoculum consisted of a cultme obtained by mwkmg isolations from
diseased plants,

The much larger number of organisms used for inoculations the previous
year was reduced to these two because these two only occurred frequently in
isolations and they had already given considerable promise in previous tests.
Both strawberry patches used for these inoculations had been set out in the

early’ swummer of that season.

A few of these plants had gone down and reisolations gave pos1t1ve results
during 1928. Little or no additional positive evidence was obtained at the first
examination for 1929, i.e., on May 8. However, about the first of June more
plants began to suceumb. These earliest symptoms were confined to a few
plants but the death rate increased until it reached a maximum early in the
third week of June. The disease naturally oceurring, reaches its maximum
severity about the last week in June. Thus the inoculated over-wintered plants
fell down earlier than plants contracting the trouble naturally.

Of the thirty-two plants inoculated with Ramularia sp., twenty-four went
down before the end of the 1929 season. Six plants were alive and apparently
healthy. The identity of two plants was in doubt. Reisolations were made
from ten of these diseased plants. Several isolations were usually made from
each plant so that in all forty-two isolations were made. Of these forty-two
reisolations, twenty-six were positive. Perhaps the most interesting results
in this connection were that the twenty-six positive isolations were so dis-
tributed that each of the ten plants used for reisolation gave at least one
Ramularia culture. Thus 75 per cent of the inoculated plants were casualties,
and 100 per cent of the plants used for reisolation yielded positive results in at
least one case.

Twenty plants had been inoculated with Fusarium. Sixteen of these diéd,
two were still alive and two of uncertain identity. Isolations were made from
four of these. Two of these yielded Fusarium sp. and two Ramularia sp. In
both cases the Ramularic came from the roots. Thus 50 per cent of these
vielded Fusarium and 50 per cent Ramularia.

- Fifty-two plants were used as checks. Thirty-four of these died, twelve
lived to the end of the season and six were unidentified, i.e., 65 per cent were
casualties.

Isolations were made from crowns and roots of plants which had contlacted
the trouble naturally, The majority of these plants were of the Glen Mary
variety from the plot at the farm. A few were from Wm. Belt plants from a
similar plot, while some were made from diseased plants obtained from grower’s
plots.

These isolations yielded mostly cultuwres of Ramularic sp. or Fusarium sp.
In this respect the results were in accord with. those obtained during the two
former seasons. work on this problem By making isolations from forty plants,
sixteen cultures yielded Ramularia sp., fourteen yielded Fusarium sp. and eight
yielded a sterile mycelium, ie., fo1ty per cent of the infected plants yielded
Ramular w sp. and thirty-five pel cent gave Fusariwm sp. The remainder of
the organisms were mostly a mucor, })actelm or eelworms.

2043711
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An examination of these two series shows that plants contracting the disease
naturally, yielded more Ramularia cultures than any other organism. Still more
striking is the high percentage of Ramularia isolated from diseased plants inocu-
lated with this organism. However, a large number of plants yielded other
organisms. It appears that if an organism be responsible either: (1) more than
onc organism is capable of causing the trouble—the less virulent, sparingly
occurring forms being able to attack weakened plants only, or (2) one organism
ig the primary cause but the technique employed did not detect all the organisms
in every diseased plant. Some of the forms isolated rather sparingly were only
secondary. The latter view is quite tenable because isolations were made from
small sections only, of the diseased roots; since a large part of the root system
of each plant was discarded it would be easﬂy possible to miss the real pathogen
in many cases.

Runners from healthy plants were allowed to set in pots filled with soil
from different sources. These soils might be conveniently grouped into two
classes: (1) sterilized garden soil, (2) soil taken from around the roots of
diseased plants from badly infested fields,

The plants growing in sterile soil all remained healthy throughout the season
and produced a good crop of berries. Those growing in unsterilized soil suffered
a 27.5 per cent, casualty and the remaining plants produced a much smaller crop.
Soil from several pots of each group was examined f01 organisms by the poured
plate method.

Isolations made by pouring plates from nine pots of soil yielded Ramularia
sp. from four pots, Fusarium sp. from two, Penicillium from six, Bhizopus from
seven and bacteria in every case. There seemed to be little difference between
the sterile soil and the suspected soil in this connection. However, the so-called -
sterile soil had been sterilized and set out in the field in August of the previous
year. Hence, it was quite to be expected that the “sterile” soil would be almost
or quite as abundant in organisms as the unsterilized. The hope that perhaps
an organism not, common in soil might be found more plentifully in the suspected
soil was not realized.

Samples of soil for analysis were taken («) from pots of sterile soil Whlch
had produced a good crop this year, (b) from the pots containing suspected soil
and: which had been found so satisfactory for growing strawberries, and (¢) from
the unsterile soil of the field which had produced a crop of Wm. Belt strawberries
this season. These samples were chemically examined through the kindness of
the Dominion Chemist. The results of the analysis are as follows (table 93):—

TaABLE 93—RESULTS 0¥ CHEMICAL ANALYSES OF SAMPLES OF SOIL

Loss Soluble Insoluble
Number Pr Moisture on in in Nitrogen
Ignition HC1 HacC1
% % % | %
. Sterile potted soil........ 7-85 248 5-79 5:29 86-44 0-186
. From fields.............. 787 113 4-15 4.38 90-04 0:150
Suspeeted potted sml 7-62 1-29 3.91 4.35 90-45 1-25

There appears to be nothing in these results which would suggest that the
chemical composition of the soil was an important factor. Perhaps the higher
organic content indicated in column IIT of the sterile soil accounted in large
part for the higher moisture content of the same soil. This higher moisture
content would, no doubt, tend to produce a better crop in the sterile soil. However,
it could haldly be expected to account for a 50 per cent casualty among the
plants growing in the suspected soil and no casualties among the plants growing
in sterile soil., -
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between these dates. If a rainfall had occurred between these dates there
would most likely have been a discharge. This suggests that it is unsatis-
factory to attempt to correlate the major discharges, or in fact any discharges
after the initial discharge, with any precipitation that may take place ir
January, February or March. With the initial discharge it is different because
as our records show, the seasons with greatest rainfall mature their ascospores
the earliest and therefore with the first rainfall of late April or early May,
discharge will take place.

Relative Ascospore Discharge and Precipifation 1918 - 1929,
¥ Legend- Relative Ascospore DlS(hu\'gC.
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F16. 45—Relationship of ascospore discharge to precipitation.

This is clearly pointed out by the following data. In 1928 the first discharge
took place on April 21, accompanied by rain, of course. However, a goodly
sized rainfall occurred on April 19—two days before—but no ascospores were
discharged. 'I'he spores were evidently immature. It is to be recalled that




160

in this year, 1928, when carly ascospore discharge occurred, heavy precipitation
took place in January, February and March. Now let us compare with this
the conditions in 1926 when ascospore discharge was considerably later—
May 19—and less precipitation was experienced in January, February and
March. The first ascospore discharge occurred May 19, just 27 days later
than in 1928, Yet in 1926 there were several heavy rainfalls previous to that
occurring on May 19 when discharge took place. To be exact, rainfalls were
experienced on April 21 (the identical date of first discharge in 1928), April 25,
April 28, May 2, May 4, May 7, May 10 and May 11, yet in no case did
discharge take place. Why not? Simply because the spores were not mature.
Why were they not mature? Simply because the temperature conditions”in
October, November and December were not as favourable for perithecial growth
as they were in October, November and December in 1928, and in addition
the smaller precipitation of January, February and March did not hasten
differentiation or maturation of the perithecia to the same extent as the greater
precipitation in 1928 did. The result was delay in initial ascospore discharge.
The records for the past six years show that although ascospore discharges
always accompany rain periods, it does not follow that all rainfalls are accom-
panied by discharge. This pointe out that other factors besides rainfall play
a part in ascospore discharge.

In this conneetion it should be pointed out that although there appears
to be a definite correlation between fall (October, November and December)
temperature and precipitation (January, February and March) on the one hand
and initial ascospore discharge on the other, it would appear that all discharge:
periods taking place after the initial discharge (including major discharge) are
largely depencent upon rainfall at time of discharge.

In comparing the time (table 91) of initial ascospore discharge of the
fungus with the developmental stages of the apple, we find the following:—

TABLE 92—CoMPARISON OF INITIAL AscosPORE DISCHARGE WITH 1118 DEVELOPMENTAL STAGES OF

THE APPLE
Delayed Initial
— dormant Pink Calyx as8cospore

discharge

May 8 May 23 June 8 May 167
April 29 May 16 June 1

May 8 May 21 June 4 May 19
April 19 April 29 May 12 May 4
April 28 May 12 May 29 April 21
April 24 May 11 May 28 April 20

Nore.—Dates for host development are mean for the period.

It is apparent from the above that ascospore discharge bears, over a period
of years, no direct correlation with the host development. That is, for three
years (1924, 1926 and 1927) primary ascospore discharge took place anywhere
from 8 to 15 days after the middle of the delayed dormant period. In two
years, 1928 and 1929, the primary discharge took place 7 to 4 days respectively
before the host was in the delayed dormant stage. In 1925 the first discharge
practically coincided with the delayed dormant stage of the host. TFrom the
standpoint of control the most important initial spray in 1925 should have
been the delayed dormant; in 1926 the pre-pink, no delayed dormant nccessary;
in 1927 the pink, no delayed dormant necessary; in 1928 the delayed dormant
and in 1929 the delayed dormant. These statements are based entirely on the
above records and point out the advisability of basing spray schedules on other
than host development alone, i.e,, ascospore discharge and precipitation data.
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The positive results obtained by inoculating plants in the crown with
Bamularia spores, as indicated above, were rather encouraging this year. It was,
therefore, decided to continue this method for another year. Therefore, a number
of plants of the Glen Mary variety, which had just been set out dwring the
summer, were inroculated by placing Ramularia spores in an ineision in the crown.
Plants with similar incisions were left as checks.

However, the high percentage of casualties among the check plants this year
suggested that the treatment was too severe for them. Hence a series of inocula~
tions was set up without making incisions in the plants. Young, healthy looking
plants were dug and the soil removed from the roots in water. Only plants
which then showed a good healthy root system were kept. The roots were dipped
in 1/1500 mercuric chloride solution for a short time, rinsed in distilled water
and then dipped into a suspension of Ramularia spores in water. The plants
were at once seb in a pot of sterile soil which had-just been saturated with water.
These potted plants were kept watered for two weeks—at first sheltered from the
sun under a greenhouse bench and later in the field with the pots down to the
rim in the soil.

Quite a number of these plants collapsed within a few weeks of being set out.
Checks as well as inoculated plants went down so the organism perhaps had no
bearing on these early casualties. It seems more probable that the treatment
given the plants was too severe—especially as the weather was hot and dry at
that time. Many of these early casualties were replaced giving the roots a
shorter exposure to the bichloride solution. Thus a good many of these inocu-
lated plants were left to overwinter.

This type of root inoculation is to be continued in the greenhouse during the
winter using plants grown from sterilized seed in sterile soil. Thus it will be
possible to largely eliminate the probability of pre-experimental infection and at
the same time avoid the necessity of exposing the roots to the violent treatment
of sterilization. Moreover, even when sterilization is resorted to there is no
reasonable guarantee that the healthy appearing roots are not already in early
stages of the malady when the plants have been raised under ordinary soil
conditions.

Early last season five hundred Wm. Belt plants were set out at different
depths of planting. This was done as pointed out in the report on last summer’s
work, to determine if variations, from the established rules for planting, by
careless workmen might reduce the vigour of plants sufficiently to be a pre-
disposing factor in root-rot.

During the latter part of the first season indications from runner production
were that the normal planting would yield the best rows, deep planting next and
shallow planting the poorest rows. However, observations were continued on
these rows throughout the present season with results as shown in the following
table (94):—

TasrLe 94—RESULTS FROM DIFFERENT DEPTHS OF PLANTING

Number Number Rate Number | Boxes per
of plants of plants increase of boxes 100 plants
_— living living in berries living
July 27, May 8, number picked as on
1928 1929 of plants 1929 May 8
Normal planting................cooivt 103 1,549 15-1:1 45.5 44
Deep planting. .. 111 2,163 19-4:1 6875 62
Shallow planting..............cooinetn. 106 2,002 18-9:1 605 57

Nore.—One row of the normal depth planting had fifty-one healthy plants
on July 27 last. Twenty-eight of these were inoculated with Ramularia or were
20457—113
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used as checks. This would naturally mean a considerable reduction in vitality
of these plants. Hence, it i3 only to he expected that the normal planting would
suffer a little by comparisons, With this discrepancy explained the marked
similarity of the corresponding figures for the two extremes, ie., deep planting
and shallow planting indieates that within the range of depth variations used
there was very little influenee on the plants. Since these extremes of planting
allow for variations of one inch it would seem that when planting is done
following the usual standards with a fair degree of care the depth is perhaps not
a factor. Certainly no significant variation in the amount of root-rot was
observed under these experimental eonditions.

One-half of each row i the above mentioned plot of Wm. Belt plants was
mulehed. The other half of each was left to winter over unprotected. However,
the results obtained from the experiment were very confusing. Whether the
straw mulch were put on too thickly or left on too labte in the spring or what,
is difficult to say. Whatever the cause, the very first observation 'in spring
revealed that the unprotected portion was much more vigorous than the protected
one. This difference was evident throughout the year. The number of plants
living in each part of the patch on May 8, illustrates the peculiar results. There
were 3,727 in the non-mulched end and only 1,987 in the mulched end.

The survey of strawberry fields during 1928 indicated that perhaps the
trouble remained in the soil from one crop to another. To check up this point
soil from various sources was potted and strawberry runners were trained so that
young plants would set in the pots. These plants were overwintered under
ordinary field conditions unprotected. .

During the season 1929 it was obhserved that the plants growing in the check
pots with sterile soil were much healthier from the first of #he season than those
growing in pots containing soil from diseased fields. This discrepancy increased
as the season progressed. The results from these potted plants are given in the
following table (95):— :
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A noteworthy point brought out by 3rd and 4th columns of figures is that
even if the number of dead plants is not very high in the suspected soil as in
No. 2, a large number of planis still living are in a very weak, unhealthy
condition.

The diseased plants which appeared in the suspected soil were removed as
soon as observed and isolations were made from them. In all cases Ramularia
sp. were isolated along with other organisms in some cases.

In conclusion it may be stated that indications are strongly in favour of
assigning the cause of the strawberry root-rot as found in the Niagara district,
to the Ramularia sp. isolated so frequently.

Peach Canker Investigations
(R. 8. Willison)

Owing to the fact that this investigation was not taken over by the writer
until late in the summer, little beyond a preliminary survey of existing conditions
and the planning of future experiments has heen done. However, in the course
of the second annual survey of the recently planted peach orchard, some inter-
esting information has come to light. The purpose underlying this annual survey
is the collection of accurate data concerning the history of individual trees in the
plantation, their growth from year to year, reaction to various treatments, etc.
It is understood, of course, that it is impossible to draw definite conclusions from
the observations of a single season, but, at the same time, it is possible to follow
the general trend of those observations. The results of the survey in its various
phases will be discussed briefly ‘helow.

The new peach orchard consists of a number of variety blocks of ten frees
each and a large block of Elbertas, containing 240 trecs. The latter, for experi-
mental purposes is subdivided into a number of plots. One (20 trees) had
cultivation stopped and a cover crop of clover planted in it, on June 15, aboub
a month before the usual time for sowing cover crop. The remainder had the
cover crop planted on July 22nd; a plot of 15 trees with clover and the rest with
rye. In the latter is a block of 50 trees specially. selected for freedom from
wounds and hlemishes at time of setting out. These trees proved to develop more
satisfactorily than the rest of the orchard. While in the southeast corner poor
drainage conditions gave rise to an irregular patch of unthrifty trees. Spray
and disinfection experiments were also carried out on the plot receiving the late
rye cover crop.

. GROWTEL

The diameters at the base and summit of the main stem were measured
and the former compared with the diameters recorded in the summer of 1928,
From these facts the percentage of increase in diamcter was calculated. For
the purpose of comparison, twenty to twenty-four trees in representative hlocks
of trees were used. The results are given in table 96.

TABLE 96—PERCENTAGE OF INCREASE IN DIAMETERS oF TREES

Numfber , Lowest Highest Average
o

Description of block increase in | inerease in | increase in

(Elberta variety) trees diameter | diameter | diameter
% %o %o
Karly cover crop (average trees).. ) 18 38-9 175-0 121-0
AVerage treeS. vt e e 24 74-1 211-1 138-5
Late cover crop—
Stocl specially setected for freedom from hlemishes 24 100-0 2556 165-5

Trees in block not doing well, on account of poor
drainage.........ccoo 24 20-0 1400 70.7
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WOUNDS

(a) Pruning Wounds—As the trees of the young orchard were only whips
last year, this year’s pruning consisted chiefly of the decapitation of the maix
stem. Thus it was easy to make a record of the progress of healing of the prun-
ing wounds. Wherever pruning was close to a lateral branch, ie., no stub left,
the wound showed signs of closing by August and in practically every case the
callus had grown up well over the edge of the wound. On the other hand, where
even a short stub was left, healing was hindered, the callus rarely succeeding in
growing over the edge of the stub and many showed symptoms of canker.
Measurements were made of the unhealed portion, of the amount of dying
back, or of size of cankers, in terminal pruning wounds. In the blocks in which
disinfectants were applied to pruning wounds, the percentage of dying back is
higher and healing is delayed. White lead, in particular, seems to-be decidedly
toxic to callus. However, once the white lead is separated from the living tissue
by a thick layer of dead cells or cork, healing proceeds.

TABLE 97—SUMMARY OF OBSBRVATIONS MADE ON PRUNING WoUNDS—VARIETY BLBERTA

Healing or Dying back Cankerous in
Treatment Lealed (not cankered) appearance Total
No. |Percent| No. [Percentj No. [Per cent
Disinfected with Florium (6%)............. 4 40 6 60 0 0 10%
Disinfected with Agrisol (8)................ 3 30 6 60 1 10 10%
Disinfected with White Lead............... 3 12 19 76 3 12 25 -
Disinfected with Neutrum Tar............. 1 20 3 60 1 20 5%
Total disinfeeted...........oooooviiiit 11 22 34 68 5 10 50
Not disinfected; selected stoek............. 11 44 8 32 6 o 25
Not disinfeeted: ordinary stoek............ 72 38 04 49.5 24 12:5f 190

* The total number of cases in each of these groups is too small for these percentages to be strietly
representative, therefore comparison between different disinfeetants should not be made. For the same
reason, the totals for the disinfected trees were also inserted in the table.

Judging by the figures for this year, it would appear that the advantages
gained by disinfection are not great enough to offset the time, trouble and
expense of application, in the case of small wounds. As yet we have no data
concerning the effect of disinfection of large wounds.

(b) Cultivation and Mechanical Injuries—Many of the trees suffered from
these types of injuries (usually deep scrapes and bruises) during the early part
of the current season. Measurements of these wounds were made in August
and again in the early part of November, at the beginning of the dormant period.
In the interval, some had healed completely, others had increased in size. The
data obtained are summarized in table 98.

TaBLE 98—CurrIvATION AND MECHANICAL INJURIES

Healed Healing, i.e., Increasing
o completely decreasing in Not changed n size
Varicties size
No. jPercent| No. |Percent| No. Percent| No. (Percent
Elberta....cccvveiiii .. 70 714 23 23-5 3 30-6 2 2:04
Other varieties.......... 27 33:0 41 50-0 9 11-0 5 6-0
B 7 97 539 64 35:5 12 6-7 7 39
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(c) Wounds made May 6, 1929 —These were made with a scalpel and con-
sisted almost entirely of scarifications or longitudinal slits to the cambium, with
a few pruning wounds, where laterals sere removed. The scarifications were
all healed by August 20, with one exception, and that was closed by the end of
the season. The pruning wounds are all healing well, with a vigorous callus.
Two or three were left as short stubs. These have died back somcwhat, but
have a strong callus around the base of the stub. ' '

SURGICAL EXPERIMENTS

A number of well-established cankers on old trees were cleaned out early
in April and treated in various ways.

78 not disinfected.

disinfected -with 5 per cent, forium.

disinfected with 5 per cent agrisol.

disinfected with florium, followed by white lead.
disinfected with agrisol, followed by white lead.
diginfected with florium, followed by black tar (neutrum).
disinfected with agrisol, followed by black tar.

disinfected with white lead alone.

disinfected with black tar alone.
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Both white lead and black tar appear to be toxic to living tissues, for the
callus is separated from these disinfectants by a very thick corky layer and,
in general, is not so well developed as it is in cankers either not treated or dis-
infected with florium or agrisol. Several of the cankers treated with white lead
and with tar have extended appreciably beyond the treated area. In no case,
as yet, has the callus of the cwrrent scason completely overgrown the canker.

COMPARISON OF GROWTH, ETC., ON EARLY AND LATE COVER CROP PLOTS

At the time of the survey of the young peach orchiard in August, a marked
difference was observed in the foliage and amount of new growth on the trees
of two plots: the onc with early cover crop and the other with late. These
observations made it seem worth while to make a more detailed comparison of
the trees subjected to these two types of cultivation. Some of these differences
are shown in table 99.

Tanre 99—rrECT OF EanLy AND Late Cover Cror

——— Early cover crop (planted June 15) Late cover crop (planted July 22)

Foliage in August and|Pale green, with reddish tinge. Little|Deep green, vigorous looking, with paler

September. or no new growth. green of new growth, in comnsiderable
abundance.
Leaffall.............. Beginning to fall, October 18, 1929....... Lcaves green, on outside of tree and

yellow towards inside, latter almost
ready to drop, October 18, 1929,

About % fallen; October 24, 1929; re-|Beginning to fall, October 24, 1929,

mainder, sere and yellow,

October 26, 1929; leaves 1 + off; re-
mainder green. The odd iree on low
ground is defoliated more than %, leaves
yellow. :

N})\ﬁembcr 2, 1929; leaves practically all|Leaves 2-2 fallen, November 2, 1929,
allen, Co

Buds (terminal)...... Beginning to form in August. Well de-{Began to form about middle of Septeni-
veloped by middle of September, ber and were well developed by
October 10, 1929.
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For the purpose of determining the development of the new wood grown
during the summer of 1929, seven trees in each plot were selected at 1a11d01n
On these trees each twig was measured and classified into primary, secondary
and tertiary growth. Primary growth is current season wood from lateral or
terminal buds which have overwintered. Secondary growth refers to laterals
developed from primary current season shoots. Tertiary growth refers to laterals
developed from secondary shoots. An analysis of the figures obtained showed
several interesting differences. As would be expected, the twigs which had begun
to grow in the spring, i.e., the primary growth, did not show so marked a differ-
ence as those which developed later. But even here more progress was made
on the late cover crop. In both plots there was a considerable development of
shoots from buds which evidently had lain dormant until well on into the -
summer before beginning to grow. Such shoots measured between 3 and 6
inches, with the majority between 3 and 4 inches. However, in the late cover
crop plot this type of growth is more abundant. The secondary growth was
much greater in both number and length of twigs on the trees with the late cover
crop, for here the measurements lay between £ and 18 inches, with the majority
between 3 and 9 inches, while in the early cover crop block length ranged from
'I to 12 inches, with the majority between 2 and 6 inches. But it was in the ter-
tiary growth that the most striking difference became evident. In the seven
trees of the early block there was only one tertiary twig, with a length of 2
inches., On the other hand, there were 71 teltlaly twigs on the seven trees of
the late block, ranging flom % to 11 inches in length, with the majority between
2 and 6 inches.

This all points to growth later in the season on the part of the trees with
the late cover crop, resulting in a greater amount of woody growth and probably
in the delayed arrival of the dormant condition. It remains to be seen which
tyve of cultivation makes the trees best fitted to withstand the rigours of winter
and whether early maturity is plefenble to vigorous woody growth, in so far
as prevalence of peach canker is concerned.

"REPORT OF THE DOMINION FIELD LABORATORY OF PLANT
PATHOLOGY, KENTVILLE, N.S.

(J . Tred Hockey, Plant Pathologist, Officer in Charge)

\ Arrrm Scas (Venturia inaequalis Aderh.)

SeasoNan DEvELOPMENT. —Seasonal conditions in the early part of the year
approximated the fifteen-year average with January and February providing a
little more preciptation and March and April a little less. May was a month of
heavy precipitation with a total of 6-52 inches recorded at Kentville compared
with a five-year average of 2-23 inches. In temperature and hours of sunshine
May was also above the average for that month. With the exception of the
first few days, June was comparatively “dry” and July and August were also sub-
normal in precipitation. September exceeded the fifteen year average in rainfall
by 1-63 inches, whereas the month of October was 1-84 inches below the average.

~ Apple leaves collected March 22 following three days of mild Weather
were examined for perithecial development. Those from favourable conditions
contained large perithecia with asci developed about one-third their normal
length and full of undifferentiated protaplasm, By April 5 some perithecia were
found showing eight mueclei per aseus with the asel about two-thirds normal
length. Another collection of leaves on April 16th provided perithecia contain-
ing a few differentiated spores.
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On April 26 following a rainfall of about four-tenths of an inch and with a

mean temperature for the day of 51-5°F. collections were made which con-
tained well differentiated mature ascospores. No proof of ejection was obtained
at Kentville on this date but such may have taken place in some orchards in the
Valley. Collections from the Berwick and Waterville districts, at this time, con-
tained perithecia with mature spores. None were found in collections made in
other varts of the Valley until May 1st.
" The first recorded spore discharge occurred at Kentville on May. The buds
were beginning to break and were practically at the green tip or delayed
dormant stage of development.” Spore ejections were recorded at Kentville on
twenty-two days between May 2 and June 17 inclusive. The most severe
ejections occurred between May 27 and June 2. The apple trees during this
period were in the full pink or early bloom stage. ,

At Middleton conditions were but slightly different from those at Kentville.
The first recorded ascospore discharge occurred May 4 and the heaviest ejec-
tions were ohserved between May 15 and 20 with a second severe period on
June 1 and 2. There wore twenty-three days between May 4 and June 26 on
which spore ejections were recorded. The rainfall in both May and June was
less than that recorded in Kentville during the same period.

The first current season infection was found ahout 20 days after the first
digscharge of ascospores. By June 20 unsprayed trees had as high as 40 per cent
of their foliage affected with scab. '

Three applications of a standard spray before bloom followed by two after
bloom gave good control of scab in the majority of orchards. The importance
of very thorough applications immediately preceding bloom was emphasized
again this year by the heavy ascospore ejcctions which took place between May
15 and June 2. The period of tree development from the pink stage until petal
fall has been the most critical one in Nova Scotia during each of the past five
years. Ascospore ejections occurring after the middle of June—the average
time of petal fall—are seldom of much consequence. If the grower has been
successful in preventing foliage infection from spore discharges up to petal
fall it is seldom necessary to make more than two spray applications after
bloom to protect the fruit from scab for the remainder of the season, ‘

Lare Inrecrion.—Late infections of apple scab resulting in the “pin-
head spot” symptoms appeared in some orchards this year. This condition
usually accompanies seasons of super-normal precipitation in August or Septem-
ber and occurs in orchards which have more or less scab on the foliage and are
either elose planted or dense in their growth. September 1929 was favourable
for the development of late scab and unless the fruit and foliage had been well -
protected with fungicides throughout the season and exhibited little or no scab
at this time, a spread of the disease was to be expected.

There appeared to be no difference in the standard spray mixtures in their
relative efficiency to prevent late scab infection. The thoroughness of applica-
tions made during the spring and early summer appear to have more influence
on the control of late scab than the actual materials used.

OBsErRvATIONS ON ScAB CONTROL WITH REFHRENCE TO SPORE DISCHARGE.—
In connection with the experimental spray plots at Middleton efforts have been
made in the past and again in 1929 to secure counts on the percentage of scab
on foliage as well as harvest records on the fruit and to correlate the informa-
tion with the presence of ascospore inoculum. During the past year there was
a total of 109 plobs in the orchards. Record has been kept of the time of each
application, and the weather conditions prevailing.
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In comparing the percentage scab on the foliage in plots sprayed with the
same materials on different dates, it was again quite evident that applica-
tions made one to three days before ascospore discharges were more effective in
controlling scab than those made one or more days after the discharges. In
one or two of the pre-blossom applications on some plots the materials were
applied on the same day that spore ejections were recorded. These plots without
exception show better control than those which were not sprayed until two
or move days after the spore ejection. S

This can be well illustrated by two series of plots which had three pre-
blossom applications of the same materials using Bordeaux mixture as the fun-
gicide. Six plots sprayed May 9, 16 and 27 had an average of 1.19 per cent
scabbed leaves in a total count of 20,000 leaves. TFour plots sprayed May 10,
18 and 30 had an average of 3.28 per cent scabbed leaves in a total count of
8,000 leaves. A heavy spore cjection on May 15-16th marks the only difference,
in the two series, with respect to the presence of ascospore inoculum near the
time of spray applications. It is apparent that the applications on the six plots
on May 16 prevented most of the probable infection from that particular spore
discharge whereas the applications on the four plots on May 18, two days after
the spore discharge, were evidently responsible for double the amount of infec-
tion, as shown by the scabbed leaves.

COMPARISON OF THE STANDARD NOVA SCOTIA SPRAY SCHEDULES

There are three standard spray calendars recommended to the Nova Scotia
apple growers. These may be briefly summarized as follows (table 100) :—

TaBLE 100—STANDARD SPRAY SCHED ULES

Materials

No. 1 No. 2 No. 3

Time

No. 1. Delayed dormant.{Bordeaux 2-4-40, with|Lime sulphur 1 gallon to 40|Lime sulphur 1 gallon to 40
When the tips of the| 13 pints nicotine sul-| gallons, nicotine sulphate| gallous, nicotine sulphate
more advanced buds| phate per 100 gallons. | 13} pints per 100 gallons. | 1% pints per 100 gallous.
have opened.

No. 2. Prepink. When{Bordeaux 38-10-40, 1jLimc sulphur 1 gallon,[Aluminium sulphate 3%
blossoms show pink at[ pound arsenateof lime,| arsenate of lead 1 pound,| pounds, lime sulphur
tips. to 40 gallons. to 40 gallous. gallon, arsenate lime

pound to 40 gallons.

e

No.3. Pink. Just before[Bordeaux 38-10-40, 1[Lime sulphur 1 gallon,[Aluminium sulphate 33

blossoms open. pound arsenate of lime,| arsenate of lead 1 pound| pounds, lime sulphur 1
to 40 gallons. to0 40 gallons, gallon, arsenate of lime
4 pound per 40 gallons.

No. 4. Calyx. Just after|Wettable sulphur 80|Lime sulphur 1 gallon to 60|Aluminivin  sulphate 3%

blossoms have fallen. pounds, arsenate lead| " gallons, arsenate of lead| pounds, lime sulphur 1
2% pounds, per 100 1 pound to 40 gallons. gallon, arsenate of lime
gallons, 2 pound per 40 gallons.

No. 5. Ten days after the|Bordeaux  3-10—40, 1|Lime sulphur 1 gallon to 60|Aluminium sulphate 3%

previous application. pound arsenate of lime| gallons, arsenate of lead| pounds, lime sulphur 1

to 40 gallons. 1 pound to 40 gallons. gallon, arsenate lime %
pound per 40 gallons,
No. 6. Ten days after the|Bordeaux 3-10-40........ Lime sulphur 1 gallon to 60]Aluminium  sulphate 3%

previous application (if] gallons, pounds, lime sulphur 1

needed). . gallon per 40 gallons, -

Kentvinie, N.S.—The three recommendations were used on a series of spray
and dust plots conducted by the Experimental Station, Kentville, this year.
Observations on grading and classification of blemishes were carried on by the
staff of the laboratory. For the purpose of comparing the three regular schedules
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a summary of the observations on five varieties of apples—Fameuse, McIntosh,
Wagener, Gravenstein, and Bishop Pippin—is given. Iach plot received an
application of Bordeaux oil (3 per cent oil) for the delayed dormant spray in
place of the calendar recommendation. The fifth spray on Calendar No. 1 plot
was wettable sulphur in the same proportions as No. 4 spray of that calendar.
In all other respeets the calendars- were carried out as given. Sprays weére
applied on all plots either the same day or the following day. } :

‘Table 101 gives a summary of the condition of the fruit at harvest. The
column “ percentage clean ” includes all fruit free from insect or discase injury
but may include some slightly russetted fruit which would not be objectionable in
barrel grades. Percentage of 1’s and 2's is for bavrel grades. Scabby fruit is
classified under three headings A, B, and C. A includes fruit with a total scabbed
area not over one-quarter inch in diameter; B, not over one-half inch in
diameter; C, over onc-half inch in diameter. It was observed that the majority
of “C” scab apples werc the result of early season infeetion. The “B” scab
included mostly mid-season infection or fruits having a large number of small
late infection arcas. The “A” scab fruit was almost entirely late infection,
frequently called “ pin-head spot.” The column of total secab is given for con-
venience. From two to four barrels of apples were examined of cach varicty
from each scab plot.

TaBLE 101, —Srray CALENDAR Prots, KentvinLg, N.S., 1929

All figures are percentages and the average of five varictics—Gravenstein, Fameuse, McIntosh,
Wagcener, Bishop Pippin

No. 1's Seab
Spray calendar Clean and
2’s A. B. C. Total
No. Lo 76-2 67-6 4.8 1-0 0-6 6-5
No.2...... .. 84-5 724 44 0-9 0-3 5:0
No. 3.. . 80-5 722 6.4 0-9 0-5 7-8
Checkeervrveininnienin, 1 37-1 38-1 12-9 27-2 78-4

There is little difference in the amount of total scab in the three plots.
Calendar No. 3 has a slightly higher pereentage of seab than the two older
Calendars, Nos. 1 and 2. This is not exceptional but the condition is usually
offset by the higher percentage of clean apples, i.e., apples free from all hlemish.
The aluminium sulphate-lime sulphur mixture with calcium arsenate as an
insceticide is superior to Bordeaux mixture with either caleium or lead arsenate
as an insecticide in the control of biting insects but it is not always as good a
fungicide. The insecticidal value largely accounts for the high percentage of
clean apples in No. 3. The same comment applies to No. 2 as the lime sulphur-
lead arsenate is usually superior to Bordeaux and an arsenate as an insecticide.

SomEerser, N.S—Another comparison of the three standard spray calendars
was made in an orchard at Somerset. The spraying was done by the Entomo-
logical laboratory, Annapolis Royal. Five applications were given each plot.
Counts on foliage infection were made on June 22 and August 9 to determine
%hefpercentage of scabbed foliage and the average number of spots per infected
caf.

Table 102 presents a summary of the data relating to secab control and
includes the readings taken on the fruit at harvest. The foliage counts were
taken on four varieties and the fruit counts on three varieties—Stark, Golden
Russet, and Wellington. It was necessary to eliminate harvest records on the
fourth variety on some plots owing to the trees being on boundary rows bhetween
plots. All the counts recorded were from centre trees in the plots, in order to
eliminate any possible effect from sprays dvifting from one plot to the other.
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TasrLe 102.—8prraY CALENDAR Prots, SomerseT, N.S., 1029

Toliage, 22-6-29 Foliage 0-8-29 Fruit
Spray calendar Per Spots Per Spots
cent per cent per A, B C. Total
scab leat scab leaf
0-9 1-2 1.6 1-2 0-6 0.6 1-4 2.8
1-4 1-1 2-2 1-3 1-4 07 0-7 2.9
1-2 1.1 2-3 1.3 11 06 0-8 2.5
18-4 2.0 20-8 3-3 3-9 7.8 52-7 64-4

Table 102 shows no significant differences in the total scab on the three
sprayed plots. The Bordeaux calendar No. 1 appeared to control scab on the
foliage better than either of the other two calendars but it is doubtful whether
the data obtained would prove to be significant if such factors as leaf dlop and
spray injury could also be taken into consideration.

MipreroN, N.8.—The three spray calendars were also compared in adjacent
large plots at Middleton during the season. Applications were made the same
day on each plot. There were eight days between the first and second sprays,
twelve betweeen the second and third, fourteen between the third and fourth,
and twenty days between the fourth a,nd fifth.

One series of foliage scab counts were made on June 19 on these plots. Two
or three thousand leaves per plot were used. The difference between each count
of 1,000 leaves on the same plot was so slight that the figures given below may
be taken ag significant of the true condition of the foliage on that date.

Table 103 gives a summary of the observations on the prevalence of scab
on these plots both on the foliage in June and on the frait at harvest.

TarrE 103.—SpRAY CALENDAR Prots AT MinpLETON, N.S., 1920

Foliage 19-6-29 Truit
Spray calendar Per Spots
cent per A. . B. C. Total
scab leaf
P 3-6 1-3 6-5 1-5 1-0 9.0
2 ................................. 1.7 1-3 6-3 1-8 0-2 8.4
.................................. 0-7 1-3 6-6 2:2 0-6 9.6
Check 23.7 2-3 8-0 12.3 77-6 98-0

*This piot was given wettable sulphur in the fifth spray in place of Bordeaus.

It is evident that there is little to choose between the three standard
calendars offered. No. 3 is a comparatively new one and is being used by a
considerable number of growers. It has the advantage of lime sulphur in pro-
ducing better finish on the fruit than copper sprays and causes practically no
injury to foliage under normal oondltlons It can be used drenchingly and under
conditions of atmospheric humidity in which the two other calendars would
cause severe injury. This mixture is not recommended for sections having less
summer precipitation than Nova Scotia.

BORDEATUX AND OIL AS FUNGICIDES

On account of the increased use of oil for the delayed dormant spray in
some orchards in Nova Scotia, the question has arisen as to the necessity of
using a fungicide with the oil. In order to assist in answering this question a
series of small plots were used on which sprays were applied, containing Bordeaux
alone, Bordeaux and oil, and oil alone,
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The results of one season’s observations are offered herewith. Further
tests will be carried on another year. Hach plot received three pre-blossom
applications and one after-blossom. On June 20, counts were made on the amount
of apple scab evident on 1,000 leaves of each plot. 'The number of spots on each
infected leaf were also noted as this information gives an added conception of
the prevalence of scab on the various plots. A summary of the information
obtained is given in table 104,

Tasre 104 —BorpeEAUX AND O1L

Average
Per cent number
Materials used before bloom scab spots

on foliage per leaf

3Bordeaux,...............il. PSP 0-8 1.0
2 BOPACAUK. . . vttt et e 1 lead... 2-0 1-9
2 Bordeaux—oil. ...1lead... 4-0 1.4
1Bordeaux. ... .o.verineeee i .2 lead... 2.2 1-8
1 Bordeaux—oil. 4.7 1-6
2 Oil.. 15-5 1.7
1 0il 23-0 24
No spray 27-0 2-7

These data tend to show that the Bordeaux-oil sprays are not so efficient
fungicides as Bordeaux alone and that oil alone is decidedly inferior to Bordeaux-
oil as a fungicide,

A fungicide is necessary at the delayed dormant stage as ejections of asco-
spores are occasionally experienced even before this spray is applied and in each
of the past five years—the only years in which records have been taken—
important spore ejections werc experienced before the pre-pink or second regular
spray was applied. It is evident that in 1929 the sprays of oil alone were not
sufficient to provide fungicidal protection during these infection periods, . The
Bordeaux-oil is preferable to oil alone when used in a delayed dormant stage.
If the oil is used when the trees are truly dormant a combination fungicide spray
would be unnecessary.




SECTION V

INVESTIGATIONS OF THE DISEASES OF POTATOES AND
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Experiments with ‘ Spindle Tuber > Disease of Potatoes

(W. Jones)

The spindle tuber disease of potatoes is quite prevalent in the Province,
particularly in the Netted Gem and Burbank varieties. Under British Columbia
conditions it is characterized by the following general symptoms: lateness in
emerging from the soil after planting, erect and spindling type of growth, with
leaves set at a narrow angle to the stem. The leaves are stiff, show slight
rugosity, are reduced in size and often show a darker green colour than those of
healthy plants (figs. 46 and 47). Typical tubers of the diseased plants are
cylindrical or spindling in shape, often pointed at both ends and possess numer-
ous conspicuous eyes (figs. 48 and 49). The symptoms vary with different
varieties, thus with the round types such as the Green Mountain and Irish
Cobbler varieties the tubers assume a eylindrical shape whereas with the long
type such as the Netted Gem and Burbank varieties they assume a more spindling
shape. When grown in soil of a loose texture, with ample organic and moisture
content as well as a good supply of nutrients the tubers may assume a more
normal shape than where grown under poor soil conditions.

T

F16. 46— Netted Gem variety. Left, spindle tuber plant. Right, healthy plant.

The above symptoms, although generally characteristic of a typical diseased
plant are not all reliable for identification. It has however been found by field
and greenhouse experiments that late emergence of the plant is the most constant
symptom of the disease (fig. 50). Thus in the seed plot it is important to rogue
out all plants that are late in emerging from the soil.

In a series of pot experiments containing different soils, it was found that
diseased plants assumed a more normal type of growth of foliage when grown
in sand amply supplied with nutrients. When the nutrients.in the latter were
washed out, the plants developed an erect, spindling type of growth. With the
further addition of nutrients the foliage again assumed a more normal appearance.
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This spindling type of plant growth has been observed in the Netted Gem and
Burbank varieties in the silty soils of the irrigated sections of the interior where
continuous cropping has deprived the soil of its natural fertility.

The above observations indicate that the chief controlling factor in normal
foliage growth of the potato plant is a constant supply of nutrients. The physical
nature of the soil is a subsidiary factor in maintaining this supply. Hence the
difficulty of detecting the spindle tuber disease under unfavourable soil conditions.

The colour of the foliage of young diseased plants also varied considerably
in different soils. Most workers have reported that the foliage of spindle tuber
plants have a deeper green colour than those of healthy ones. It was found in
pot experiments, that where the plants were grown in burnt peat, the leaves had
a very deep green colour, whereas in ordinary peat and loam the colour was
approximately the same as that of healthy plants grown under similar conditions.
This points again to the unreliability of colour symptoms in the identification of
the spindle tuber disease in the field.

Fra. 49— Upper row, tubers from healthy plants of Netted Gem variety grown in non-
irrigated loam soil. Lower row, tubers from spindle tuber plants grown in non-irri-
gated loam soil.

These difficulties can be overcome by rigid selection of typical healthy plants
of the variety to be grown in the seed plot and by roguing ali plants that are
late in emerging from the soil.

Further experiments were carried on on the influence of the spindle tuber
disease on the physiology of the host by the determination of the dry weight and
ash content of healthy and diseased tubers, and also by comparing the electrical
resistance of the tubers and the juice from healthy and diseased tubers. The
tubers used belonged to the Netted Gem variety grown in the Kamloops district.

It was found that most tissues of healthy tubers had a higher resistance
than similar tissues of diseased tubers. The freshly expressed juice from healthy
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Laboratory Studies of Rhizoctonia
(W. Jones)

Pure cultures of the rhizoctonia disease of potatoes were made from
sclerotia obtained from tubers from different parts of the Province. Twenty
five of these strains have been used and also one strain of rhizoctonia isolated
from alfalfa. :

Growth Rate Studies '

Growth studies were made on plates using standard synthetic media con-
taining the following ingredients:—

GIUEOSE. « v v et e e 2  per cent
Ca (NOg) 0 it it e eas 0-1 “
:KHQ PO.L ................................. 0405 “
Mg B0, . o e 0-02 «
NaCl o e 0-002 “

The different strains were grown at constant temperatures of 5-7° C., 25° C.
and 30° C., and their growth characteristics noted. It was found that the factors
of colour of colony, zonation and sclerotial formation were too variable to be
taken as means of differentiation of the different strains.

TasLe 105.—MraN DiaMeTER oF I'ive CorLoNIES oF EAcH oF T DIrrERENT RHIzOCTONIA

SeraiNs Arrer 96 Hours Growrir av 25° C.

No. em., No. cm,
L e i e e e e e e e it 7.6 78 7-6
Bt e e e et 5.1 79 5-0
3 7.8 80 7.2
B8 i et e e e 7-1 8l 6-5
Bttt e e e e e e 7-5 82 65
Bt i ettt e e e e e et et ettt ae e 77 83 741
2 7-5 84 7:3
Ly et et e e e et e 7:5 85 7-4
27 Y 6-8 90 5-9
£ 7 P 85 91 742
T e e e e e e e e 8-0 92 6-0
£ 7S T VT P PN
T NN A3 T U N
& S PSP T8 [oeeeiiiiiiennnns

Table 105 shows the mean diameter of five colonies of each of the different
rhizoctonia strains after 96 hours growth at 25° C. This temperature is the
approximate optimum for the organism. It is apparent from the results that the
growth of different strains vary considerably, thus Nos. 79 and 49 being 5 and
5-1 centimeters respectively and Nos. 74 and 75 being 8 and 85 centimeters
respectively. The normal growth of the colony on the plate is circular and even
in outline. Sometimes a colony from one strain would assume an irregular outline.
All colonies of No. 79 exhibited this characteristic growth. With this latter strain
the type of growth was sparse and hyaline, quite distinetive in character from
all the other strains.

All the different strains grew at 5-6° C. There was great variation in the
rates of growth at 30° C., thus the diameter of one colony after 5 days was 6
centimeters whilst another colony of the same strain was 05 centimeters. This
indicates that 30° C. is the approximate upper critical growth temperature for the
rhizoctonia organisms.

At 5-6° (C., the same variation in growth rates was observed as at 30° C.
At this low temperature growth was consistently slower than at 30°C. Mycelial
growth was generally wisible macroseopically about the seventh day. ‘This
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however was very variable, even with the same strain. There was no consistent
difference bhetween the growth rates of the different strains at this low tempera-
ture. .
Rhizoctonia, which had been isolated from alfalfa was incubated at 5-6° C.
It was found that after 30 days there was no trace of mycelial growth in 3 out of
4 inoculations made from the same strain. When the former were transferred
and incubated at 25°C., growth proceeded normally. It was hoped that the
absence of growth at 5-6°C. would serve as a means of differentiating alfalfa
rhizoctonia from that of potato. However, since one alfalfa rhizoctonia colony
showed a slight growth at this temperature, this means of differentiation is not
absolutely reliable.

Inoculations were made from colonies of the different strains which had
been growing over 30 days at 5-6° C. and these were grown at 25°C. This
experiment was triplicated with the different strains, the intention being to find
out whether the growing of the organisms at a low temperature would have any
effect on subsequent growth at a higher temperature. The coneclusion obtained
from the data is that the change from a low to a high temperature has no
significant effect on the growth rate of the rhizoctonia organism.

PH ano GROWTH CURVES
RHIZOCTONIA SOLANI KUHN.
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¥16. 51—A, P1ux Curve of Rhiroctonia Solani Kithn. B. Growth Curve of
Rhizoctonia Soluni Kiihn.

The above observations seem to indicate that the optimum temperature of
]about (%5“(3. is the most reliable temperature at which growth studies can best
be made. :

Further studies were made to determine the optimum pH of the organism.
t was found that the optimum pH is around 6-7 for the majority of the different
strains. Tigures A and B show the pH and growth curves of No. 15 and 75 grown
in the liquid standard synthetic media at 25° C. )

After some of the strains had been growing for 7-9 days in the standard
synthetic media at 25°'C., 10 c.c. of distilled water was poured into cach plate and
stirred up. The pH of this water was taken colourimetrically. The resulting
pH for all the strains corresponded fairly favourably with the optimum pH of
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the organism when grown in liquid culture. Thus, after 6 to 9 days growth, the
PH of 10 different strains taken this way varied between 6-1 and 6-8, the initial
pH being 6+0. This is a very simple method of differentiating some organisms on
plates, thus the pH of sclerotinia sp. taken this way is around pH 3-7,

It has already been found in the laboratory that the rhizoctonia from alfalfa
and potato possess diastatic activity. Two cultures of each species were grown in
liquid synthetic media using 2 per cent starch instead of glucose. The diastatic
curve was followed by determining the quantity of sugar present periodically.
The results show that there is considerable diastatic activity in both species.
The rhizoctonia from potato, however, showed a consistently higher diastatic
activity than that from alfalfa. At the end of 20 days the solution left in the
flasks gave a negative test with iodine showing that the starch had been
completely hydrolysed. At the end of this period the total acids, as determined
by titration against standard alkali had increased considerably with both species.
Greater acid, however, was produced by the species isolated from potato.

SUMMARY

1. The optimum growth temperature of Rhizoctonia solant Kiihn, from
potato is around 25° C.

2. The approximate upper critical growth temperature of . solani from -
potato is around 30° C.

3. Growth studies of Rhizoctonia sp. can best be made at the optimum
growth temperature. :

4. The "approximate critical lower temperature of Rhtzoctonia crocorum

ers. from alfalfa is around 5-6° C.

5. The optimum pH of R. solani, is around pH 6-7.

6. R. solant Kithn from potato and B. crocorum Pers. from alfalfa possess
diastatic activity.

7. R. saloni Kiithn from potatoes has higher diastatic activity than that of
R. crocorum Pers. '

Rhizoctonia Disease of Potatoes
(W. Jones)

The rhizoctonia disease of potatoes is prevalent in most sections of the
province and is becoming serious in the older potato growing districts. It reduces
the yield and also causes reduction in the percentage of marketable tubers.

The majortiy of the commercial growers practise dipping of the seed, mainly
with corrosive sublimate. This helps, but does not check the disease in the older
potato growing districts.

To gain further information on the nature of the fungus in relation to its
environment, the following work was done.

Soil samples from districts where rhizoctonia was serious and where very
slight were collected and the PIH of these were determined colourimetrically
in the laboratory. The results are given on table 106.

TABLE 106.—RHI1ZOCTONIA IN SoIL SAMPLES

Rhizoe-~
;) . " I tonia o
Rhizoctonia, plentiful District slight District
Huntington......... pH 6-5 [Alberni.
...|Lulu Island......... pH 6-2 [Shawnigan.
R :; ........ pH 6-2 |Mt. Lehman.
RPN
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Analysis of the table shows that the disease is most serious where the pH
of the soil ranges between pH 5-54, The disease is less prevalent where the
pH range is above 6. Further data will have to be gathered before a definite
conclusion can be arrived at. This is rather at variance with the optimum pH
of the organism when grown in standard media, the optimum being around pH
67, varying slightly with different strains.

At the suggestion of Dr. W. Newton an attempt was made to ascertain
whether water extracts of soils would support the growth of the rhizoctonia
organism without the addition of nutrients.

Tt was found that the organism grew on all such extracts taken from soils
where the percentage of rhizoctonia was high and where low. The growth was
sparse and no selerotia developed after 15 days’ growth. There was no signifi-
cant différence between the growth rates on soil extracts where the rhizoctonia
was slight and where severe. ;

The above results show that the fungus can grow saprophytically in the soil
solution, so that after the potato crop has been harvested it may continue to
grow in the soil. The fungus has also been found in the laboratory to grow at
5° C., the rate varying with different strains. This shows that the fungus can
grow during the winter in the soils of the Coast regions. :

These results seem to indicate that the best way to control the rhizoctonia
disease of potatoes is to practise good husbandry. Land that is too sour should
be limed and a fall crop should be sown as soon as the potatoes are harvested.
Further field experiments must be conducted in order to determine which is the
best fall crop to sow to counteract the influence of the rhizoctonia. At present
fall rye is recommended. . ' i , .

REPORT OF THE DOMINION LABORATORY OF PLANT PATHOLOGY,
STE. ANNE DE LA POCATIERE, P.Q. o

(H. N. Racicot, Officer in Charge)
PHOMA ROT OF TURNIPS

“In Oectober, 1928, Mr. R. Proulx, Inspector of Ilustration Stations for
eastern Quebec, brought specimens of diseased turnips to the Laboratory for
identification of the disease. It occurred on three Tlustration Stations, one in
Dorchester county, and two in Bonaventure county. In November, after the
.turnips had been harvested, the percentage of affected turnips was-determined.
On one of the Ilustration Stations in Bonaventure about 33 per cent of the
turnips were affected, and about 10 per cent on the other two Stations.  The
seed used in sowing the fields on these Illustration Stations had been imported
from Europe, .

_Mr. B. Baribeau, District Inspector identified the disease as Phoma rot of
turnips caused by Phoma Lingam (Tode) Desm. In order to verify his con-
clusions he made pure cultures of the organism, and inoculated turnips grown
in the greenhouse, and reproduced the disease. He re-isolated the organism again
from these inoculated turnips.

Some interesting observations were made during these studies. Very young
turnips inoculated with the disease did not show any symptoms before they were
at least 2 to 3 inches in diameter. On larger turnips it took 18 days or more for
the symptoms to appear after inoculation. The first symptom was a light brown
spot situated anywhere from the surface of the soil, to the erown of the turnip,
but most frequently near the crown. There the spot kept getting deeper and
darker, and by the time the depression was well marked, it had turned violet to
black in colour. There was always an area of brown sealy tissue surrounding
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the spot or depression, marking off the diseased from the healthy tissue. As the
disease progressed the centre of the spot became brownish again, shrivelled and
split, which often permitted the entrance of secondary parasites causing the
turnips to rot. The brownish centre of the spot, or canker-like tissue, became
covered with small round, black pyenidia, which produced very numerous spores.
Spore measurements gave the size of the conidia as 2-5-4-5 x 0-9-2-2. Turnips
grown in the greenhouse, inoculated both by wounding and without wounding and
with both material from a pure culture on potato dextrose agar, and material from
a diseased turnip, developed the disease. Diseased material mixed with the soil
infected young turnips transplanted into it, but healthy seed sown in such soil
produced healthy plants. Twenty-one varieties or turnips grown in the field
were inoculated during the summer. Part of the inoculations were made with a
sterile needle, and part by sprinkling a suspension of spores on the turnips. Only
a few turnips became infected by the latter method of inoculation. Eight vari-
eties showed infection: Bangholm Purple Top, Prize Purple Top, Improved
Yellow Swede, Bangholm, Canadian Gem, Best of all, Dales’ Boschilde and
Kangaroo. The use of clean seed and of crop rotation would apparently control -
this disease effectively. :

BEAN MOSAIC

The results of the experiment to determine the field and seed transmission
of bean mosaic are given in table 107.

Tasre 107.—THE Resvurts OBTAINED IN 1929

Percentage
Row germina- | Percentage Yield
tion mosaic per acre

busla.

68 2.2 24.3

67 2:0 28-3

67 2.2 334

57 41.9 15-0

68 5.7 23-4

63 333 18.7

74 00 [....ooenit

84 00 [covvinn.t.

86 0:0f............

83 00 [..ovvviiitn

The experiment was planted in duplicate, in rows 50 feet long, and with
100 White Pea beans in a row. Rows 1, 2, 3 and 5 were planted with healthy
seeds, and rows 4 and 6 with mosaic seeds. Rows 7, 8, 9 and 10 were planted
with seed harvested in 1928 from rows 1, 2, 8 and 5 respectively.

Observations during six years showed that in 1924 and 1925, no current
season symptoms developed on beans in rows planted next to mosaic rows, but
that seeds harvested from such rows showed about 12 per cent mosaic the fol-
lowing year., In 1926, mosaic symptoms were so masked by dull weather
conditions thal no observations could be made. In 1927, 1928 and 1929, current
season symptoms appeared in rows planted with healthy seeds next to rows
planted with mosaic seeds, and that seeds harvested from these rows produced
some mosaic plants. Also seed from mosaic plants did not always produce
mosaic plants when planted; but the percentage of mosaic plants from such
seed varied from 5 to 55. From this it is seen that, (1) bean mosaic is trans-
mitted from plant to plant in the field, probably by insect carriers, and that
(2) it is carried not only through the seed, but probably through pollen from
diseased plants.
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REPORT OF THE DOMINION FIELD LABORATORY OF PLANT
PATHOLOGY, FREDERICTON, N.B.

(D. J. MacLeod, Officer in Charge)

CLUB ROOT OF TURNIPS (Plasmodiophora Brassicae Work.)

Further advances were made this season in the direction of developing
varieties or strains of swedes which are sufficiently resistant to club root to
be of commercial value under the conditions obtaining in the province.

During 1929, 84 varieties of swedes and two varieties of fall turnips were
tested on soil heavily infested with the club root organism. Tifty-eight of the: -
varieties included in the test showed 100 per cent severe infection, all of which
are not listed in this report for the sake of economy of space.

The following table (108) includes a list of the other varieties and strains
tested, together with a record of their behaviour towards club root in each case.

Tasre 108.—Crus Roor oF TUrNIPS—VARIETIES TESTED

Percentage of club root
Variety By number ’ By weight
Free Slight Severe Free Slight Severe

Bangholm Studsgaard (4108)............ 33 2-6 94-1 3-9 35 92:6
Bangholm Studsgaard (5018)........... 0-5 3.1 96-4 1-5 3-2 95.3
Bangholm Studsgaard Trifolium........ 4-2 1.2 94-6 2.7 1.7 956
Bangholm Studsgaard D.L.F........... 1-6 1-3 97.1 1-5 2.1 96-4
Bangholm Studsgaard Charlottetown

927 veeene et 7.0 1-7 91.3 4-9 2.8 92.3
Bangholm Dupuy and Ferguson......... 2-3 3-6 94.1 35 2.8 93.7
Bangholm Lyngley D.L.F.............. 1-8 1:8 96-4 3-0 2.9 94.1
Bangholm Pajberg v, Trifolium (1926). . 1-0 1-9 97-1 1-3 0:6 98.1
Bangholm Pajberg v. Trifolium (1928).. 3:3 2-4 94.3 4-6 1.3 94.1
Bangholm Kalvre Selection K.......... 15-6 1-3 831 14-3 1-6 84.1
Bangholm Herning (24-2)............... 17-3 |- - 2.1 80-6 17-0 1-6 81.4
Bangholm Herning (6).................. 8-3 26 89-1 133 2+4 84.3
Bangholm Herning Denmark (1)... . 14-5 3.4 82-1 15:6 2.8 816
Bangholm Herning Denmark (2) . 16:6 3-1 80-3 14-5 4-1 81:4
Bangholm Nappan 1927.........0....... 4-6 4.1 91-3 4-5 3.4 92.1
Bangholm Nappan (original)............ 6-3 1-4 92.3 6-3 2.1 9146
Wilhelmsburger (1927).................. 10-5 3-4 86-1 10-1 2-3 87-6
Wilhelmsburger (1928).................. 9-5 7.1 83-4 8:3 69 84.8
Wilhelmsburger D.L.F. (1928).......... 12-3 4.1 83:6 11-0 546 83-4
Elaphant, Suttons...................... 6-3 2-4 91+3 6-0 3-6 90.4
Improved Yellow Swedish.............. 6.3 34 90-3 4-0 14 916
White swed , Bruce (1928).............. 76-1 17-8 6.1 71:6 19-8 86
Maiturnip Marienlyst, D.L.F........... 96-4 3-6 0:0 95-7 43 0:0
Fynsk Bortleldee, Hartmann,.......... 1-6 12-3 86-1 1-0 136 85-4
Kangarco, wing....................... 0-2 2.4 97 -4 0-5 31 96.4
Halls Westbuly, MceDonald.,........... 5-0 36 91-4 2:5 4.9 926

Among the foregoing there are certain varieties and strains which manifest
a fair degree of resistance to club root even on the heavily infested soil used
for the test. Stecklings from all of these are being retained to provide seed
another season for further selections possessing high degrees of resistance.
Ample numbers of these stecklings will be handed over to the Dominion Experi-
mental Station where breeding work with the view to developing varieties and
straing of swedes resistant to club root is now under way.

Table 109 is a record of the behaviour in 1929 of certain selections made
during the past five years.
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TasLe 109—Crus Roor oF TuRNIPS—VARIETIES TESTED

Percentage of club root

Variety By weight By number
Free Slight Severe Free Slight Severe
Bangholm Herning (X2)................ 37-4 41-9 20.7 36-8 441 19-1
Bangholm Herning (X8)....cccvavvnen.. 41-4 37-6 21-0 47.2 43-2 9-6
Bangholm Herning (X6)................ 29.6 64:8 5:6 27.9 66-8 53
Bangholm Herning (X7)....ocoovvvnnnnn 41.4 19.6 39.0 440 20-4 35-0
Bangholm Herning (X9)...o.vvovvnnne.. 41-0 39.4 19-6 43.4 40.9 15-7
Bangholm Studsgaard (X8)............. 47-8 27-8 244 46-8 286 246
Bangholm Studsgaard (X1)............. 26-4 814 42.2 23-9 32.7 43-4
Bangholm Nappan (X17)............... 26-7 16-9 56-4 26-6 17-8 55-6
Wilhelmsburger (X15).....ovveinvnn... 548 17-4 27-8 517 18.4 29-9
Wilhelmsburger (X16).......c00vvvvinn 49-6 31+9 18-5 47-92 36-1 16.7
White Swede (Xd)...ooooiiiiiiin e 67-1 27-6 53 67-8 31-8 0-4

The results enumerated in the foregoing table show that a number of these
selections continue to maintain a high degree of resistance to -club root. It is
quite apparent, however, that none of these manifest a tendency towards in-
creasing their vesistance 4o the disease from year to year. This seems to
indicate that these strains of swedes after proceeding to a certain stage of selec-
tiom reach a point where no further progress towards disease resistance is made.
The most outstanding among these swedes is White Swede (X4) which possesses
excellent yielding qualities but has too high a dvy matter content. These
features render this variety unfit for human consumption but not unsyitable
for the feeding of live stock. Owing to the fact, however, that the bulk of the
swede crop grown in this provinece is utilized for the feeding of live stock, there
seems t0 be some useful possibilities for this selection which is highly resistant
to a disease considered the most serious limiting factor in the production of
this important crop.

During this season, upwards of 150 crosses were made at the Dominion
Experimental Station by Mr. J. M. F. Mackenzie, utilizing material from the
several selections enumerated in the foregoing table. These will be given a
rigid test for resistance to club root in 1930 at this laboratory.

DUSTING VS. SPRAYING OF POTATOES.

This experiment was conducted as in previous seasons, which completes six
years work on the comparison of the relative efficiencies of copper-lime dust and
Bordeaux mixture in the control of foliage diseases of the potato. This season
also completed four years study of a comparison of the fungicidal values of
copper-lime dust, Bordeaux mixture and Burgundy mixture. A new fungicide
recently developed in Nova Scotia by Kelsall and Hockey designated as the
lime-sulphur, aluminum sulphate spray mixture, was included in the test in 1929.

The copper-lime dust, Bordeaux and Burgundy mixtures were prepared
according to standard methods using the (20-80), (4-4-40) and (4-5-40) for-
mulse, respectively. The lime-sulphur aluminum sulphate mixture was prepared
as recommended by the originators of this fungicide, using 3% pounds of alum-
inium sulphate (crystal powder) and 1 gallon of lime-sulphur (sp. gr. 1-3 to 1-32)
to 40 gallons of water.

The exceptionally hot and dry weather conditions prevailing during the
growing season precluded the development of late blight, but early blight was
generally severe. Thus, no opportunity was afforded for comparing the respes-
tive merits of the fungicides, included in the test, in so far as the control of late
blight is concerned, but an excellent chance was presentéd for testing their

_efficiencies in the control of early blight, together with their general behaviour
under such abnormal weather conditions.
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The following table (110) includes a list of the fungicides compared, num-
ber of applications, total metallic copper, and estimated yield per acre in each
case:—

TABLE 110—DUSTING V8. SPRAYING—APPLICATIONS AND YIELD, 1929

- Total
Number metallic Yield
Fungicide ’ . . of copper per
applications| peracre acre
bush.
Bordeaux spray’ " . AN :
G 6 13.01 232.9
Burg,undy sSpray
T -6 13-92 208-1
Coppel—lune dust
(20-80) 1. veeee e e tve e e PP 6 14.61 - 207-8
Lime-sulphur aluminum sulphate spray
(B3—T80) . oo ettt e e e e [ PR 198-8
Check(pmsononly)...”..,..‘.......... .......................... 6 |l 200-4

Observations on the occurrence of the disease on the vines were as follows:
Early blight was first observed in mild form in the check plot on August 6. On
August 12 this disease showed moderate infection in the check plot and was
uniformly present in mild form in all the other plots on this date. No late
blight occurred on the foliage or tubers in any of the plots during the season.
On September 7 the foliage in the check, copper-lime dust, lime-sulphur alum-
inum sulphate and Burgundy plots showed advanced stages of maturity while
that treated with Bordeaux mixture appeared quite vigorous on this date and
remained green for nearly a week later.

The following includes in tabulated form (111) the percentage .of dlsease
recorded on August 27 and total yield in each case:—

TABLE 111—DUSTING V8. SPRAYING—COMPARISONS, 1029

Late blight

Early blight on the vines| Latc blight on the vines 1ot
. : in the tubers Yield
Tungicide per’
. . , By acre
Slight | Moder- | Severe | Slight [ Moder- | Severe | By num-
ate : ate weight | ber
% % % % % % % % bush.
Bordeaux spray ) ’
(44-40).............. 9-3 40-3 50-4 0:0 0-0 0:0 .0:0 0-0 | 2329
Burgundy spray
@-5-40).............. 6-4 356 39-3 0-0 0-0 0-0 0.0 0-0| 208-1
Copper-lime dust .
(20-80)............... 2.7 11-4 74-1 .00 0-0 0-0 0-0 0-0 | 207-8
Lime-sulphur aluminum
sulphate spray ‘
(33-1-40)............. 13-0 10-0 77-0 0-0 0-0 0-0 0-0 0-0 | 198-8
Check
(Poison only)......... 1.6 9.7 80-3 0-0 0-0 0-0 0-0 0-0 | 200-4

Considering the respective values of the several fungicides in so far as con-
trol of early blight this season is concerned, their effectiveness in order of merit
is as follows:—-

Burgundy spray.

Bordeaux spray.

Copper-lime dust.

Lime-sulphur aluminum sulphate spray.
Check (lime and calcium arsenate only).
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Summarizing the results obtained, Burgundy spray mixture was slightly
superior to all the other fungicides included in the test as a control for early
blight. Lime-sulphur aluminum sulphate was only slightly better than the
check, while the copper-lime dust was slightly inferior to Bordeaux mixture in
the control of this foliage disease. In so far as production of tubers is con-
cerned, the plot treated with Bordeaux mixture showed the highest yield, while
the lime-sulphur aluminum sulphate plot yielded less than the check. This was
due to the fact that severe burning of the foliage resulted from the use of this
new fungicide, which interrupted normal growth. The copper-lime. dust com-
pared favourably with the Burgundy spray mixture in so far as yield was con-
cerned, while the Bordeaux spray mixture was slightly superior to both in this
respect. It is interesting to note, however, that none of the fungicides tested
adequately controlled early blight under the conditions obtaining in 1929.

These resulis also contribute some noteworthy information in regard to
the effect of early blight on the yield of tubers from plants affected with this
disease. Perusal of the foregoing daba shows, that while early blight may occur
in severe form on the foliage, the amount of reduction in the yield of tubers does
not consistently correspond with the degree of injury seemingly produced on
the attacked foliage. These, together with a similar set of results obtained in
1924 apparently warrant the assumption that early blight does not interrupt
the normal activity of the plant sufliciently to be considered a serious limiting
factor in the production of tubers from plants so affected.

These results also demonstrate that the plants treated with Bordeaux
mixture maintained a vigorous appearance for a week longer than those which
received applications of the other fungicides, including the check. This, together
with the fact that there was a fair increase in total yield in favour of the
Bordeaux mixture during the season points to a greater physiological response
on the part of the potato plants to this fungicide.

The new fungicide included among those tested in 1929 is a comparatively
recent development which has given promising results in experimental trials
in the control of apple scab in Nova Scotia. The results obtained from trials
with this fungicide as a control for foliage diseases of the potato in 1929 were
not exceedingly fruitful because severe burning of the foliage occurred and
early blight was inadequately controlled. Iurther trials using different ratios
of the ingredients of this new fungicide will form part of the experiment in 1930.

EXPERIMENTAL TRIALS WITH BURGUNDY MIXTURE IN THE CONTROL OF FOLIAGE
DISPASES OF THE POTATO

In 1887 Masson proposed the neutralization of copper sulphate with wash-
ing soda (sodium carbonate) instead of quick lime for the preparation of
Bordeaux mixture. This substitute proved a satisfactory spray which has since
received the name of Burgundy mixture from the district in France in which
it was first employed.

The merits of Burgundy mixture have long been known in other coun-
tries, particularly Ireland, where it is widely used in the control of potato
blight (Phytophthora infestans (Mont.) de Bary). In Canada however, Bur-
gundy mixture has been employed only to a limited extent as a fungicide for
potato diseases, on account of the severe foliage injuries resulting from its use
from time to time. The injuries produced, it is now believed, were largely due
to the inferior brands of sodium carbonate used in its preparation.

In view of the fact that superior brands of sodium carbonate can now be
purchased in this province, together with the fact, that satisfactory results
have been consistently obtained with Burgundy mixture elsewhere, a study was
undertaken in 1927 for the purpose of testing the merits of this fungicide under
New Brunswick conditions.
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The test carried out in the usual manner in comparison with Bordeaux
mixture, which is widely used at the present time, as a control for fohage
diseases of the potato.

The project was carried on in 1929 in exact accordance with the plan out-
lined in 1927, a full account of which appears in the annual report of this
laboratory for that year. '

The following includes in tabulated form (112) the results obtained during
1929, together with those fl'om tests carried on in 1927 and 1928 for
comparison:—

TaBLE 112—BURGUNDY M1xTURE—COMPARISONS

1927
Early blight on Late blight on Late blight rot
the vines the vines in tubers Yield
Tungicide per
Moder- Moder- By By | acre
Slight ate Severe | Slight ate Severe | weight | number
%o % % %% %o % % % bush.
Bordeaux mixture... 31.0 0-8 0-0 18-9 4-6 0-0 2:-0 4.7 1 239-5
Burgundy mixture. . 3-1 1-5 0-1 20-5 3-4 0-4 1-8 1-6 306-2
Check (poison only) 0-0 4.0 0-0 0-0 2.0 980 24.2 20-0 | 215-2
1928
Early blight on Late blight on Late blight rot
the vines the vines in tubers Yield
Fungicide per
Moder- oder- By By acre
Slight ate Severe | Slight ate Severe | weight [number,

% %o % % % % Yo % | bush.

Bordeaux mixture......... 4.7 23-8 26-5 5-2 18-7 46-6 1-3 1.4 304-8
Burgundy mixture........ 5:6 22:1 216 3-4 5.2 34-6 0.7 0-9 | 3126
Check (poison only)....... 15-1 21-0 54-0 0-0 3-8 96-2 3.6 3-4 | 1510
1929
. Early blight on Late blight on Late blight rot

Fungicide the vines the vines in tubers Yicld

per

Moder- Moder- By By acre

Slight, ate Severe | Slight ate Severe | weight [number

% Yo % % % % % % bush.

Bordeaux mixture......... 9-3 40-3 50-4 0-0 0-0 0.0 0-0 0.0 | 232:9
Burgundy mixture. ... 6-4 35:6 39-3 0-0 0-0 0-0 0-0 0-0 208-1
Check (poison only)... 1-6 0-0 0-0 0-0 0-0 0-0| 200-4

9.7 80-3

In 1929, no late blight appeared in any of the plots but eacly blight was
generally severe. Temperatures were unusually high and the humidity exceed-
ingly low during the months of July and August. These extraordinary .con-
ditions afforded an excellent opportunity for a commparison of the efficiencies of
the two fungicides in the control of early blight as well as their direct stimu-
lating effects on the potato plants.

The results obtained in 1929 confirm in considerable measure those from
trials conducted in 1927 and 1928 in so far as the control of early blight is con-
cerned, further demonstrating that Burgundy mixture compares favourably
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with Bordeaux mixture in the control of this foliage disease. The plants treated
with Bordeaux mixture remained green for a week longer than those treated
with Burgundy mixture and those in the check. This result together with the
fact that there was a fair increase in the total yield in favour of the Bordeaux
mixture during this season, points to a greater physiological response on the part
of the potato plants to this fungicide.

A series of tests were also conducted with the view to determining the ratio
of copper sulphate and sodium carbonate necessary for the preparation of the
most practical and efficient Burgundy spray mixture. The following includes
in tabulated form (113 and 114) a list of the different formule tested, together
with the results obtained in 1928 and 1929:—

TapLe 113—BUuRGUNDY MIxTuRE—COMEARISONS, 1928

Percentage of diseases
Ratio of copper
sulphate and Barly blight Late blight Foliage Yield
sodium carbonate injury por acre
Slight [ Moderate{ Sevore Slight | Moderate| Severe
bush.
2-2-40.. 14-6 21-9 23-1 3-4 -1 42.4 Slight, 139-3
2-3-40. . 7-4 16-4 33-1 76 21-3 . 36-1 None 145-7
3-340.. 181 31-6 27-4 13:1 26-6 28.9 Slight 153-0
3-4-40.. 42.9 46-8 41-2 21-9 34-9 29-6 None 154-2
3-5-40.. 38.5 17-9 38-9 28.7 414 31-7 None 148-8
4-4-40. . 21.3 14:1 221 14.4 16-3 21-7 Slight, 146-6
4-5-40 41.3 17-4 29.4 9.4 34-2 22-8 None 165-4
4-6-40 13:9 24.8 21-4 21-3 16-9 16-4 None 157-6
4-7-40 19.7 216 14-9 16-2 29-7 19-3 None 162-0
4-8-40 24.4 24-3 17-6 81 11-6 21-5 Slight 142-6
5-5-40 29.4 17-8 22.4 146 31-6 14-8 Slight 147-6
5-6—40 31-8 28:1 31-1 21-8 16-7 29.9 None 148-4
6640 14-6 29-6 29-6 6-4 i4-4 24-4 Shight 151-4
G-7-40.... 38:3 18-2 28-5 21-1 9-1 31-3 None 154-1
Check 14-8 24-8 51.4 0:0 4.3 84:1 None 102-6
TABLE 114—BuRrRaUNDY Mix1urRE—CoMPARISONS, 1920
Percentage of disease
Ratio of copper )
sulphate and Barly blight Late blight TPoliage Yield
sodium carbonate injury per acre
Slight | Moderate] Severe Slight | Moderate, Severe
bush.
28.4 30-6 40-3 0.0 00 0-0 Slight 204-6
19-6 14-7 37-4 0-0 0-0 0.0 None 207-4
50-1 20-8 20-9 0-0 0-0 0-0 Slight, 201-4
20-4 60-1 21-6 0-0 0-0 0-0 Slight 2176
15-9 55-2 31-8 0-0 0-0 0-0 None 2086
15-7 45-9 21-9 00 0-0 0-0 Slight 206-4
15.6 31:6 13-9 0-0 0.0 0-0 None 224.8
24.8 177 19:6 0-0 0-0 0-0 None 227-0
27-4 11-8 34.7 0-0 0-0 0-0 None 229.0
19-1 23.2 29-4 0-0 0-0 0-0 Slight 214-6
.. 35-1 14.3 21-3 0-0 0-0 0.0 Slight 2221
5-6-40., 21.2 344 17-2 0-0 0-0 0-0 None 223.7
6-6-40. . 41.3 17-1 31-1 0-0 0-0 0-0 Slight 200-7
6-7-40 1441 31-9 29.6 0-0 0-0 0-0 None 226-8
Check 0-0 4.6 81.0 0-0 0-0 0-0 None 201

The foregoing results demonstrate that in as far as fungicidal efficiency,
freedom from foliage injury and ecomomy of materials are concerned, the
(4-5-40), (4-6-40) and (4-7-40) are the most satisfactory combinations of copper
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sulphate and sodium carbonate for the preparation of Burgundy mixture. Bur-
gundy mixture prepared according to the (2-2-40) (3-3-40) (4-4-40) '(5-5-40)
and (6-6-40) formule produced slight burning of the foliage in each case due to
an insufficient amount of sodium carbonate to neutralize the copper sulphate.
Slight burning also occured in the case of the (4-8-40) formula due to the sodium.
carbonate itself, which iz capable of producing an injury to the foliage, if
present in amounts exceeding that included in the ratio expressed by the formula
(4-7-40). Such an injury is produced particularly when unusually high
temperature and humidity obtain. Thus, it is apparent that proper pro-
portions of copper sulphate and sodium carbonate must be used in the prepara-
tion of Burgundy mixture to prevent foliage burning. Results from additional.
tests carried on, revealed that while it is quite important to have a proper
balance of the two ingredients of this fungicide, the greatest danger rests in the
purity of sodium carbonate used, because certain brands of this chemical con-
tain impurities, such as sodium sulphate, which are capable of causing a burn-
ing of the foliage regardless of how well the mixture is prepared. Observa-
tions from tests in-connection with the use of Burgundy mixture on a com-
mercial scale showed that while the limits within which the ingredients can
e mixed to avold foliage injury seem somewhat restricted, nevertheless this
fungicide can be prepared safely under ordinary field conditions with no other
precautions than those ordinarily exercised in the preparation of Bordeaux
mixture. .

When copper sulphate and sodium carbonate are mixed in the proportions
ordinarily used in the preparation of the most satisfactory Burgundy mixtures,
a bulky blue precipitate composed of basic copper carbonate forms, -which,
gradually changes on standing in the mixed liquid, after at least eighteen hours
to a granular, dense, green compound known as malachite (Cug (OH),COg3)
which has no fungicidal value. With this information at hand it occurred that
Burgundy mixture might possibly break diown in such a manner after its appli-
cation to the leaves of the plant. In order to secure information on tlis sub-
ject, potato leaves and carefully cleaned microscope slides were sprayed with
Burgundy mixtures prepared according to the (4-5-40), (4-6-40), (4-7-40),
{5-5-40), and (6-6-40) formule. Ten leaves and as many slides were treated
with the fungicide prepared aceording to each formula. An equal number of
these were kept under the humid conditions obtaining in the greenhouse and
the dry conditiohs cxisting in one of the laboratory rooms. Microscopic exam-
inations were made . on each treated leaf and slide at three day intervals to
ascertain the condition of the fungicide. Malachite was readily detected: by its
dense green, vitreous, botryoidal structure, loosely adhering to the treated sur-
faces, while the basic copper carbonate which largely constitutes the active
principle of the fungicide was easily recognized by the blue amorphous mass
uniformly and tenaciously adhering to the leaves and slides. These results
tend to show that under the conditions of the experiment, which simulated in
considerable measure those obtaining in the field during an average season,
no change from the active constituent of the fungicide (copper carbonate) to
the inactive malachite (basic copper carbonate) occurred within a period of
six weeks., This indicates, that while Burgundy mixture readily undergoes
such a change in vitro, no such reaction takes place on the leaves of the potato
within the period the fungicide is ordinarily required to be active.

The results obtained from these series of experiments on the use of Bur-
gundy mixture as a control for foliage diseases of the potato demonstrate some
practical possibilities in the use of this fungicide for controlling early and late
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blight under the conditions obtaining in thig province. A few of the note-
worthy features which commend the use of this fungicide in preference to
Bordeaux mixture are as follows:—

(1) Its fungicidal value in the control of early and late blight is superior
to that of Bordeaux mixture.

(2) There is no sediment left in the sprayer such as is commonly the case
with Bordeaux mixture, which clogs the feed pipes and nozzles, thus, always
permitting unrestricted action of these parts.

"(3) It adheres longer to the foliage of the plants and is not so readily
washed off by rain.

(4) Tt does not stain the foliage to the same extent as Bordeaux mixture,
thereby affording readier detection of especially the mild forms of mosaic,
which are frequently obscured by tlie heavy lime precipitate in the latter.

On the other hand, however, Burgundy mixture presents the following
objections:

(1) It does not appear to stimulate the potato plants to the same extent
as Bordeaux mixture. .

(2) The cost of preparation is slightly greater than that of Bordeaux
mixture. '

(3) It cannot be combined tvith the brands of lead arsenate commercially
used. :

(4) Sodium carbonate which is always free from undesirable impurities
is more difficult to obtain than lime.

THE USE OF GYPSUM FROM LOCAL DEPOSITS IN THE CONTROL OF POTATO SCAB

(Actinomyces scabies (Thaxt.) Giissow)

Results from a preliminary experiment conducted at this laboratory in 1928
suggested some practical possibilities in the use of gypsum from local deposits
as a preventive for common scab of the potato. In view of this, the project was
continued in 1929 in greater detail,,embodying chiefly, a plan proposed by the
Dominion Chemist. t

The experiment proper consisted of 5 one-hundredth acre plots, in duplicate.
The distance between the plots was 3 feet in each case. Every plot was bounded
on each of its four sides by a buffer row of potato plants, upon which no obser-
vations were made, for obvious reasons. The spacing interval for the plants was
18 inches and the distance between the rows 36 inches. The plots were system-
atically dlstributed to ensurc greater uniformity of soil differences and competi-
tion. Seab infected but otherwise healthy seed of the Green Mountain variety
was used.

The entire area set aside for the experiment (including the checks) received
a dressing of commercial fertilizer, consisting of Ammo-phos, (20-30 grade),
186 pounds per acre and muriate of potash, 160 pounds per acre. The Ammo-
phos was substituted for acid phosphate because it does not contain calcium

sulphate (or gypsum) which is frequently present as an impurity in the brands
of acid phosphate used commerecially.®

¥ In the manufacture of commercial acid phosphate, one ton of ground rock phosphate is
treated with about one ton of sulphuric acid, and the resulting material consists chiefly of
monocalcium phosphate and ecaleium sulphate (land plaster) together with all the impurities
contained in the original material.

Ca (PO4)24-2H280:=CaHy (PO4)2-}2CaS0s (Hopkins: Soil Fertility and Permanent Agri-
culture, 1910.)

2043713
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The following includes in tabulated form (115), a list of the materials used
and results recorded at harvesting time. :

T'ABLE 1156—CGyrsuM As A CoNTROL FOR Poraro ScAB—COMPARISONS

Percentage of common scab
Yield per acre
By number By weight
Treatment -
Under Over
Free | Slight | Severe | TFree | Slight | Severe 3 3
ounces ounces
bush. bush.
Gypsum, 500 pounds......... 39-0 39-4 21-6 39-0 42-0 19-0 51-2 110-4
Gypsum, 1,000 pounds......... 42.0 37-3 20-7 46-3 340 19-7 45-2 120-9
Gypsum, 2,000 pounds......... 591 24-8 16-1 62-5 20-0 175 477 112-3
Ground limestone, 2,000 pounds| 26-7 45-1 282 39-3 43-2 27:5 50-9 111-6
Check (no treatment)......... 36-1 42-8 21-1 353 41.2 23.5 49.4 114.8

These results confirm in considerable measure, those obtained from a pre-
liminary experiment conducted in 1928, further dermonstrating that the gypsum
used, produced, when applied at the maximum rates, conditions slightly un-
favourable for the growth of the secab organism. Gypsum applied at the rate of
500 pounds per acre appeared to have little or no suppressing cffect on the
development of scab. In this connection it is interesting to bear in mind that
approximately 400 pounds of gypsum are applied as an impurity in the phos-
phoric acid ingredient of the average ton of commercial fertilizer used for
potatoes. A study of the cuinulative effect of gypsum from this source will form
a part of the experiment in 1930 and subsequent years. ,

A noteworthy feature of the results obtained in 1929 is that there is no
indication of reduced yields due to increased seab infection. .

The project will be continued over a period of vears in order to determine
the cumulative cffect of the gypsum originally applied.

CLUB ROOT OF SWEDE TURNIPS
(J. I. Hockey, Kentville, N.S.)

During 1929 facilities were made available to grow some stecklings, saved
from our own 1928 crop, in the farm greenhouse. Sced was obtained from six-
teen plants representing nine strain selections. The seed was all selfed. This seed
together with the seed obtained by selfing plants in the field in 1928 provided
the material for planting approximately sixty plots of swedes on inoculatéd soil.
This area had been heavily manured in the autumn of 1928 with manure obtained
from feeding clubbed turnips. The diseasc subsequently developed on susceptible
varieties in all parts of the plots.

All pure line selections which developed club root on more than one or two
. secondary roots or had gone down with dry rot: (Phoma Lingam (Tode) Desm.)

~were discarded with the exception of a strain of Westbury Selection which was
originally selécted for slight resistance. This latter strain has been used in
reciprocal crosses and the progeny is heing followed carefully.

The most promising selections made in the past five years are from the
Hemning strain Bangholm and Wilhelmberger. The Studsgaard Bangholm was
also fairly resistant to club root but went down badly with dry rot.

Stecklings from ten pure line selections represent the most promising of
those grown on inoculated soil in 1929 and are all that were saved for future

~trial.  Seeds were obtained from fiftcen strains of the selections made in 1928.
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The roots of that crop were photographed and described and the progeny will be
followed for several generations, or until such time as the type, colour, etc.,
are fixed or the selection discarded.

The selection and hybridizing phases of the project are being conducted in
co-operation with the Dominion Agrostologist.

SEED POTATO IMPROVEMENT
(W. K. McCulloch, District Inspector, Kentville, N.S.)

Investigational work with potatoes was continued during the season of 1929
as follows:—

TIE EFFECT OF CONTINUQCTS SELECTION ON THE SHAPE OF THE TUBERS OF
POTATOES

The variety used was Jc.he Garnet Chili.
Selections were made from the 1923 crop for planting in 1924, and, at the

same time, counts were made of the percentage of tubers of good shape in the
1923 erop, or foundation stoek.

The following table (116) gives the percentage of good shaped tubers in
the foundation stocks, and in the progeny of the selected seed for the six seasons.

TapLE 116—IIFFECT OF SELECTION ON THE SHAPE oF GARNET CHint TUBERS

Per cent of tubers of ideal shape for the variety

Grower : Before : :
selection After selection

1923 1924 1925 1926 I 1927 l 1928 ' 1929

1o B Jennings., oveeeen s i i 21-6 56-0 26-0 54-3 34:0 48-0 41.0
2. R. K. Lougheadt................oo.e 40+0 40.2 35-0 59+5 47-5 60-3 49.1
3. A Kent.ooiiiiii i e 38-6 50-9 35-0 55.0 475 58-8 571

The above table exhibits a peculiar alternation of high and low percentages
but as each low percentage is a gain over the plecedlng low one the results up
to the present time show a gradual improvement in the shape of the seed.

The soil of No. 1 is a medium loam with a stiff subsoil. The soils of No. 2
and No. 3 are sandy loams with fairly good natural drainage.

For the greater part of the growing season dly conditions prevailed, but
towards the end, the soil was soaked with heavy rains which condition no doubt
was responsible "for the large amount of second growth and roughness on the
tubers, in the districts whele this experiment was c:u‘rlecl on.

THE ISOLATION OF PURE LINES, DISEASE-FRER AND HIGH YIELDING OF THE TFOL-
LOWING VARIETIES OF POTATORS: IRISH COBBLER, GREEN MOUNTAIN, BLISS
TRIUMPH, GARNET CHILI AND OTHERS

Pure line, here, means tuber line or the progeny of one tuber. Since 1924,
when this work was started, many lines have been discarded and many new ones
started. At the present time 108 tuber lines are heing grown and 25 of these
are each the progeny of a single tuber planted in 1924, Sufficient seed was thus
obtained to plant the tuber lines in 19256. Table 117 gives the average percentage
of virus diseases (chiefly mosaie), and alsc the average yield per hill (less Welght
of seed) for five years, of these 25 tuber lines.

20437—13} : . e
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TABLE 117—AVERAGE PERCENTAGE OF VIRUS DISEASES AND YIELD PER Hitn

Average for five years,
1925-1929
Line No.

Yield per

Per cent hill (less

' of Virus weight of

‘ diseases seed)
b,

. iss Triumph. .. ..ooviiii e i 130 1-99

g. Bliss Triu npl . 59 1-99
45, « 4-6 1-95
46. “ 1-0 1.70
47, “ 10-8 1-54
48, “ 10:0 1.63
59. “ 5.0 1-60
61. « 6-2 159
062. « 7-4 1-64
121. Green Mountain 7-0 1.97
122. K 5.0 1-61
126. e 0-2 1-70
129. - L. 0-0 1-64
146. o 1-2, 175
147. “ 4-4 1-64
153. o 7-0 1-98
168, Irish Cobbler 0-4 1-54
170. 3-0 1-63
176. « 2-0 1-39
190. « 30 1.47
193. “ 2-0 1-43

195. “ 1-0 1-52°
199, “ 1-0 1-40
209. “ 1.4 1-33
211. “ 2-0 1-35

This investigation is concerned chiefly with the maintenance of founda-
tion stock seed potatoes. Foundation stock may be defined as seed potatoes
that can be depended on with reasonable certainty to reproduce Certified Seed
Potatoes the following year. The greatest problem in the growing of Certified
Seed Potatoes is the control of virus diseases. No potatoes are certified if they
contain over 1 per cent of the virus diseases such as leaf roll and mosaic at the
final field inspection. And owing to the rapidity with which these diseases are
spread a crop showing over 0:3 of one per cent can not be considered safe for
foundation stock. It will be seen, then, from table 117 that under the environ-
mental conditions at Kentville it was possible only to maintain 8 per cent of
the tuber lines at the standard of foundation stock, and 24 per cent as certified
.seed during the 5 years under discussion.

The above results are borne out by the practical experience of the Inspec-
tion Service. It has been found that in certain districts with environmental
conditions of soil and climate similar to those at Kentville the virus diseases
spread so rapidly that new seed must be imported every year in order to main-
tain the standard of certified seed.

On the other hand, it has been found that there are other districts with
different environmental conditions where it is miuch easier to control the virus
diseases of the potatoes. TFor example, seed from Bliss Triumph tuber lines of
Kentville was planted in certain sections of Pictou and Colehester counties in
1926 and maintained there as certified seed, more or less under ordinary farm
conditions, with an average per cent of virus diseases. for 4 years as follows:
Pictou county 0-08, Colchester county 0-25. Also, on North Mountain in
Kings county, the propagatlon of foundation stock of the Green Mountaln and
Irish Cobbler varieties has been attended with great success.

While it would appear that foundation stock cannot advantageously be
produced under the environmental conditions at Kentville a glance at .the
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average yields per hill will show that excellent crops of commercial potatoes
can be grown under such conditions. The mean of the average vields, namely,
1-70 pounds per hill of Bliss Triumph, 1-75 pounds per hill Green Mountain,
and 1-45 pounds per hill Irish Cobbler are equivalent to 440, 457 and 378
bushels per acre respectively, allowing for 10 per cent of hills missing or
rogued-out.

Certain conditions of temperature and rainfall may be cited as favourable
directly or indirectly to the production of certified seed potatoes, but the best
procedure to follow in order to find out the suitability or otherwise of a distriet
is to obtain the best seed possible and plant it in a well-isolated and well-cared-
for seed plot.

TEST OF MATERIALS IN THE SEED TREATMENT OF POTATOES

Table 118 gives the results of a test of materials for seed treatment of
potatoes.

With the exception of plots 8 and 4 the seed used was practically clean.
In plots 8 and 4 the seed tubers were severely infected with common secab,
hence the doubling-up of the treatments in these plots.

In the case of the materials Dipdust, No. 664 and Cal-K, the potatoes
were pre-wetted. '

Practically no difference was noted in the time of emergence of the plants,
and little difference in the vigour of the various plots during the growing
season.

Last year sulphur and mercuric chloride occupied first and second place
respectively in the test. This year a combination of the two gave the largest
yield of clean tubers of marketable size.

Tapeg 118, —Trsr or MATERIALS IN THE SpED TREATMENT oF Porators, Kenrvins, N.S., 1920

. Yield per acre
N Per cent Pfﬂ. cent | T T
Plot, Treatment seab 1{\(1;?;- Market- Total
Small able
(clean) (clean)
bush, bush.
B N O1B L ittt e e ey 83-25 2.25 8-0 35-33 2986
2 |Flowers of sulphur dusted on cut sets at rate of 2
pounds per barrel of 568, .o ovviiiiieniiaiain. 586 272.0
3 [Mercuric chloride, 4 oz. in 30 gallons for one Liour and
flowers of sulphur on cut sets. ... 53-33 2880
4 1One pint formaldehyde in 30 gallons
{lowers of sulphur on cut scts. 44.0 240-0
4a|One pint formaldebyde in 30 gallor 18:6 2290
S NOnE. . i aae 144-0
G [Sulphur, same asin Plot 2.......cocoven. .. 149.3
7 |Dip dust (commercial, sced disinfectant)........ .. 154-6
8 |Morcuric chloride, 4 0z. in 30 gallons water, 1 hour. ... 138-6
© 9 |Formaldehyde as in Plot da........ciiivinininnnnn. 154-6
10 [No. 664. (Commereinl disinfectant). . 181-3
11 [Cal-K. (Commereianl disinfectant) 176:0

REPORT OF THE DOMINION LABORATORY OF PLANT PATHOLOGY.
CHARLOTTETOWN, PRINCE EDWARD ISLAND

(R. R. Hurst, Pathologist in Charge)
LATE BLIGHT OBSERVATIONS IN 1929

The marked contrast between temperature and rainfall in the years 1928
and 1929 afforded an opportunity for studying the occurrence of late blight in
relation to weather conditions. The fact that late blight thrives in cool
climates and is uncommon in the south is evidence that low temperatures favour
the development of blight and, conversely, that it is -inhibited by high
temperatures.
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Records at the Charlottetown laboratory show that late blight has been
worse in years of heavy rainfall and low temperatures in September ag illus-
trated by conditions in 1928 when blight was general by September 16, a month
of heavy precipitation and low temperatures as compared with the same period
in 1929, featured by subnormal rainfall and by periods of warm dry weather.

In September, 1928, an outbreak of blight was reported on the thirteenth
day, following three nights of comparatively lJow temperatures (fig. 52). Heavy
rain followed with higher temperatures whilst a moderate outhreak of blight
prevailed until September 23, when it hecame severec and widespread, con-
tinuing until the potato tops were dead.
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In 1929 blight was not recorded until September 21 after a short period of
heavy rain and low temperatures (fig. 52). At this time it was cxpected that
the discasc. would develop rapidly, however, it was apparently held in check
by a week of dry warm weather. During this period digging began and the
harvested crop escaped the outhreak of blight which tock place the first Week
of October after a period of low temperatures and rain.

Our knowledge of this apparent correlation between low temperature, pre-
cipitation and blight incidence introduces the question of forecasting blight
epiphytotics. The time may come when it will be possible to do this, in a degree,
at least. Nevertheless, at present we do not favour recommendations which have
to do with a restricted spraying program, cxcept possibly in the case of early
maturing varieties which may be harvested before the blight appears. Experience
shows that in Prince Edward Island blight occurs every year. In 1929 blight
was not a factor in the production of Irish Cobblers, which, because of dry
Weather matured within the ninety day period, Green Mountalns on the other

# \[011L]11y Bulletin of Agricultnral St’]LIStICS Vol, 22, No, 254, 1929, p

. 381, Agricultural
Branch, Ottawa. :




199

hand, made excellent growth late in the season when blight was developing. At
this time it was spreading rapidly in the unsprayed potato plots at the laboratory.
Subsequent observations showed that a high percentage of blight-rot existed in
the erop harvested from these unsprayed plots. On the other hand, in every case
where regular spraying had been accomplished no rot occurred. This valuable
evidence demonstrates conclusively that departure from the regular spraying
schedule is unsatisfactory where late maturing varieties are concerned.

DEPTH OF SOIL COVERING IN RELATION TO LATE BLIGHT TUBER ROT

It has been commonly noticed that tubers under severely blighted plants
have escaped rot, when one would naturally expect to find considerable infection.
Observations have shown that such instances consistently oceur when the tubers
have a liberal covering of soil due to the method of cultivation known as ridging.

F1e. 53—Potato tuber which was exposed to late blight attack through the
lack of soil covering. The white tufts are clumps of Phytophthora conidio-
phores emerging through the lenticels.

The significance of this feature as a secondary control measure for late blight
was demonstrated by some tests made during the past year. Using a plot of
the Green Mountain variety, ten rows 50 feet long were left unsprayed, except
for insect poison, throughout the entire season. Soil covering adjustments were
made September 17 and the potatoes were dug the seventh day of October.
There was a moderate occurrence of late blight at this time. Disease counts
were made immediately upon digging.

It will be seen by referring to table 119, that the depth of soil covering may
be regarded as an important factor from the standpoint of blight-rot occurrence.
It is shown that potatoes from which the soil had been removed contracted
blight-rot (Fig. 53) to the extent of 585 per cent, and it is evident also that a
thin covering of soil affords the tubers but little protection against the Phy-
tophthora spores. Similarly it will be seen that infection did not occur with &
soil covering of 14 to 3% inches.
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Healthy and diseased tubers were placed together in bags in storage from
October 18 to April 30 as follows:—

(a)} 900 tubers showing slight infection from blighted tops.
900 tubers showing no infection and treated 1% hours with blchloude of
mercury 1-1000.

(b) 900 tubers showing moderate infection.
900 tubers showing no infection and treated 1% hours with bichloride
of mercury 1-1000.

(c) 900 tubers showing severe infection.
900 tubers showmg no infection, and treated 13 hours with bichloride
of mercury 1-1000.

(d) 900 tubers showing moderate infection.
900 tubers showing no infection, untreated.

The uninfected tubers were-selected for freedom from disease, cracks, cuts
and bruises. To prevent the occurrence of blight infection from viable conidia
carried from the field, uninfected tubers, with the exception of test D, were soaked
in a solution of bichloride of mercury (1-1000) for 1% hours. They were then
rinsed with pure water to prevent any subsequent inhibiting effect of the corro-
sive sublimate upon the organism which would be associated with the spread of
blight from tuber to tuber. -During the storage period the temperature ranged
between 33° F. and 40° F, The tubers used in these tests were dug from un-
sprayed plots on October 1, and placed in storage October 8.

Table 120 summarizes the results obtained. There is very slight evidence
that late blight was transferred from diseased to healthy tubers, as instanced in
the cases of tests A and C, when one and three tubers respectively contracted
blight rot. There was no evidence of spread in test B. In test D, however,
composed of diseased and untreated sound tubers, disease tubers increased to the
extent of 5.3 per cent. Such evidence would indicate that in the case of test D
where sound tubers were untreated infection very likely resulted through the
agency of viable conidia which were carried from the field into storage rather
than by spread from diseased to sound tubers. It is likewise equally evident that
under conditions of good storage, where the conidia were destroyed by seed treat-
ment, the chances of spread were slight.

TaBLE 120.—SpREAD oF Lare Briert Ror 1N Storscr, 1928-29

Late
Test Tubers stored Healthy blight Per cent
rot spread

7 N 900 sound......... ... .. ..l 899 901 0-11
900 diseased. ...

Bl i e i 900 sound....... €00 €00 0-0
900 diseased. . ..

L NN 900 sound......... 897 903 0-33
800 diseased

Do 900 sound....... 802 048 5-3
200 discased

Pracrican AppricaTions.—Based upon the foregoing considerations the
following recommmendations are suggested as timely protective measures against
loss from blight,

1. Practise the regular spraying schedule in years of normal precipitation.
In exceptionally dry years it is reasonably safe to forego spraying
early maturing varieties.

2. Deep covering of soil or ridging is a distinet advantage where late blight
is a factor.

3. Under good storage conditions there is no appreciable spread of late
blight from healthy to sound tubers.
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DATE OF DIGGING AND RHIZOCTONIA CONTROL

Previous investigations® have shown that Rhizoectonia control in potatoes
is closely associated with the date of digging. HHowever, experience has shown
that early digging exposed the immature tubers to injury during the harvesting
operations and subsequent handling. Recommendations therefore must be made
on a hasis of the ability of such potatoes to survive storage conditions, as well
as upon their value for purposes of seed and table use. During the past two
seasons these points were incorporated into the date of digging experiments.
Adopting the practice followed in previous years the experiments were con-
ducted with Irish Cobblers and Green Mountains. The land was known to be
heavily infested with Rhizoetonia, and the digging dates, scven in number were
represented by three replications, arranged to give uniform spacing throughout
the plot. '

The results which are condensed in table 121 show that early digging
reduced the amount of Rhizoctonia in 1928, when the late season was featured
by comparatively low temperatures and heavy rains. On the other hand in
1929, a scason of comparatively high temperatures and little rain, Rhizoctonia
did not appear until August 6, making earlier digging useless as a control
measure for this disease. Referring again to table 121 it will be seen that in
both years an appreciable loss was sustained by the practice of ecarly digging,
a feature which must be given due consideration when summing up the merits
of early digging. Disregarding the figures obtained on September first and
cighth, it will be scen that there was an important appreciation in yield on
the digging dates represented between September 15 and October 13, inclusive.
Balanced against any advantage gained by early digging to overcome the
Rhizoctonia factor it is a question whether such a practice would be justified.
Taking the case of Green Mountains in 1929, very profitable gaing were made
by late digging. This distinet difference was not apparent in the case of Irish
Cobblers. In 1929 this variety matured well within the 90-day period and
vields were comparatively light.

TasLe 121.—Dare or DicGING IN RevaTioN 10 Rirzoctonia ConTRrOL

Percentage Rhizoctonia Yield per acre*
Digging date 1928 1929 G.M. 1928 G.M. 1929 I.C. 1928 LC 1929
G.M. I 1.C. | G.M. | I1.C. | Mark. | Culls. | Mark. | Culls. | Mark. | Culls. | Mark. | Culls,

bush. | bush. | bush. | bush. | bush. | bush. | bush. | bush.

1 4 0 0 179 101 177 85 142 83 165 88
3 4 0 0 190 102 1823 100% 1434 106% 128 92
10 15 0 0 225 07 191 101 221 87 131 91
21 40 0 0 247 96 201 109 253 99 198 103
25 43 0 0 264 65% 2514 024 281 78 2413 100%
47 60 0 5 2741 814 254% 3% 304 96 243 7!
48 64 3 7 271 79 251 76 3014 97% 241 81

*Average of 4 replieations,

INVESTIGATIONS OF SEED POTATO TREATMENTS
{In co-operation with the Fredericton Laboratory)

A brief review of our knowledge of seed treatment methods shows that
a new field was opened to mercury compounds when Bolley, in 1890, demon-
strated the value of mercuric chloride and recommended its use as a control for
common scab of potatoes. Until 1912 mercuric chloride was the only com-

# Division of Botany Reports for 1925 and 1927.
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pound of mercury employed by plant pathologists. Since then, plepmations
of organic mercury have been introduced and these have been increasing in
favour. It is claimed that they retain their fungicidal value in spite of constant
usage and that they are effective to the last dvop.

The experimental plan followed in 1929 was essentially the same as in
previous years. However, all treatments were applied to uncut sets and two
unsuccessful organic mercury compounds were replaced with new ones, namely,
Cal K. and 664. Tests were seeded in duplicate plots, with the exception of
checks which consisted of 15 plots each of infected seed untreated and disease
free seed untreated. Individual plots comprised 20 plants, 13 inches in the
rows, which were spaced 36 inches. Seed-pieces were each 1% ounces in weight
and had one eye. All tubers intended for treatment were presoaked for two
hours in water.

The various treatments were applied as follows:—

I. Improved Semesan Bel. (1:20) by weight.
II. Cal-K. (1:40) by weight.
ITI. No. 664. (1:68) by weight.
IV. Dipdust (1:20) by weight.
V. Formalin (cold) 1 pint to 25 gallons water for 1% hours.
VI. Formalin (hot) 2 pints to 25 gallons water for 3 minutes at 122° T,
VII. Mercurie chloride (cold) 4 ounces to 25 gallons water for 14 hours.

VIII. Mercuric chloride (hot) 4 ounces to 25 gallons water for 3 minutes
at 122° F,

IX. Mercuric chloride (dip) (1:40) by weight.
X. Mecrcurous chloricde (hot) 8 ounces to 25 gallons for 3 minutes at
122° I,
XI. Mercurous chloride (dip) (1:20) by weight.
XII. Mercurous chloride (cold) 8 ounces to 25 gallons water.
XIIT. Infected seed untreated.
XIV. Diseasc free seed untreated,

RBSULTS
(Rhizoctonia)

Table 122 summarizes the results obtained at Fredericton. It will be seen
that, while Rhizoctonia was not severe even in the untreated checks, a definite
measure of control was afforded by No. 664, mercuric chloride dip, hot mercurous
chloride, and hot formalin, the per cen’mgc of efficiency being 100, 98-3, 98-2,
and 97- 2 respectively (column 3, table 122). From point of vleld this 01de1
would be changed, with first place going to mercuric chloride used as a dlp
Making further comparisons on a basis of yield and disease control, there is
evidence that Dipdust, cold formalin and mercurous chloride dip were unsatis-
factory. Referring to column 5, table 122, there will be noted a marked
irregularity of results, with a predominance of low percentages of slight infec-
tions. The fact that untreated infected seed produced the second highest
per centage infection is interpreted as a strong indication of fungicidal efficiency
in favour of the treatments represented by low percentages of shght infection.
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Analysing the results .of the Charlottetown Rhizoctonia experimenté, we
find that severe infection was uncommon (column 7, table 123), the highest
count being 2-4 per cent in the case of cold mercurous chloride. Again, in
column 5 of the same table we observe that slight infection developed over a
range of 0-9 per cent to 14-6 per cent. The occurrence, however, of 4-7 and
143 per cent infection in untreated infected and uninfected seed respectively
makes it difficult to assign any definite values for the various treatments.

- TaBLe 122.—SEED TREATMENT FOR Ru1ZoCcTONIA, FREDERICTON, 1929

Number of Tubers
Treatment

Free Slight Severe Under 3 ounces|Over 3 ounces

A % | | % % % %
Improved Semesan Bel. . .. 141 80-1 34 19-3 1 0-6 | 100 56-8 76 432
Cal-K...........ooooinilt 219 96-9 7 3-1 0 0-0 | 127 56:2 99 43.8
No. 664........... e 192 [ 100-0 0 0-0 0 0-0 | 103 53-6 89 46-4
Dipdust....ooveeninariaas 201 863 32 13-7 0 0:0 | 127 54.5 | 106 45-5
TFormalin (cold).. 209 95-0 11 5.0 0 0-0 | 122 55-5 98 44-5
Formalin (hot) 176 97-2 5 2:8 0 0-0 91 50-3 90 49.7
Mereurie chloride (cold).... 207 835 39 15-7 2 0-8 | 120 48-4 | 128 51-6
Mereuric chloride (hot). ... 179 96-8 ] 3-2 0 0-0 | 102 55-1 83 44-9
Mercuric chloride (dip)..... 236 98-3 4 1-7 3 0-0 | 125 52-1 115 47-9
Mercurous chloride (hot)... 220 082 4 1.8 0 0-0 | 124 554 100 44-6
Mercurous chloride (dip)... 183 95.3 9 4-7 0 0-0 | 110 57-3 82 427
Mercurous chloride (cold). .| 127 623 77 37-7 0 0-0 | 101 49-5 | 103 50-5
Infected sced untreated. .. .| 1,004 71-4 | 400 28-4 3 0-2 | 730 51-9 | 677 481
Diseasc free seecd untreated.| 1,604 96-1 65 3-9 0 0-0 | 827 496 | 842 50-4

TaBLE 123, —SEED TREATMENT FOorR RHI1zZoCcTONIA, CHARLOTTETOWN, 1929
Number of Tubers
Treatment
TPer cent
. Free Slight . Severe Under 3 ounces|Over 3 ounces| - stand
% % % %o %o

Improved Semisan Bel 210 08-6 2 0:9 1 04 99 46:5 114 53-5 100

al-K......ooo 215 92:3 15 64 3 1-3 107 45-9 126 54-1 100

No. 664..,. .. .. 230 975 5 2-1 1 0-4 | 110 46-6 126 53:4 100

Dipdust................ .. 228 90-8 21 8-4 2 0-8 99 39-4 152 60-6 99

Formalin gcold) .......... . 221 87-7 30 11-9 1 0-4 | 100 39-7 152 60-3 100

Formalin (hot)........... .. 240 86-3 32 11-5 6 2:2 112 40-3 166 59-7 96

Mercuric chloride Eeold).. .|o237 84-6 41 14-6 2 0-7 { 110 39-3 1 170 607 100

Mereuric ehloride (hot)... 251 86:0 40 1371 "1 0-3 | 101 34:6 | 101 654 69

Mereuric chloride (dip). .. 90-2 21 85 3 1.2 110 44-7 | 136 55-3 100

Mercurons chloride (hot).. 871 33 12-2 2 07| 106 39-1 165 60-9 100

Mereurous chloride gdip)., 90-2 22 8-3 4 1-5 99 372 | 167 62-8 97

Mercurous chloride (cold) 853 36 12-3 7 2-4 | 104 35.6 | 188 64-4 100

Infected seed untreated., 94.2 78 4:7 19 1-1 601 36-2 1,060 63-8 100

Disease free seed untreate 84-4 | 243 14-3 22 1-3 | 702 41.4 586 97

RESULTS

(Common Scab)

The results obtained from seed treatments for common scab were striking,
particularly at Fredericton, as shown in table 124, where it is seen that in no
instance was 100 per cent control obtained. Considering the severity of scab
infection on a percentage basis the order of merit was indicated (column 7, table
124) for five treatments as follows, mercuric chloride dip, mercurous chloride
dip, No. 664, Cal-K, and hot mercurous chloride, the percentage of infection
being respectively 1-4, 1-6, 3-2, 5:0 and 6-7. Arranging them according to the
percentage of freedom from scab the order of merit (column 3, table 124) would
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be changed as follows: mercurous chloride dip, mercuric chloride dip, dipdust,
hot mercurous chloride, and No. 664. It will be noted in this conneetion that
the highest degree of efficiency is represented by 88-4 per cent. Again consider-
ing the severity of infection (colummn 7, table 124), hot mercuric chloride,
improved Semesan Bel, cold mercurous chloride, and cold formalin gave poor
control, their percentages of efficiency being respectively 43-7, 28-0, 20-0, and
18-0.

Tapre 124 —8uEp TREATMENT FOR ScaB, FREDERICTON, 1929

Number of Tubers
Treatment
Tree Slight Severe Under 8 ounces|Over 3 ounces
% % % %. %

Improved Semesan Bel. ... 131 58:2 31 13+8 63 28-0 | 141 62-7 84 373
Cal-K. ..., 104 74-3 54 20-7 13 5:0 | 143 54-8 | 118 45.2
NoGb4....oovvvviiiinnens 197 78+5 46 183 8 3.2 | 132 52-6 | 119 47.4
Dipdust....ooooiiiininn... 183 84.7 14 6:5 19 8-8 122 56-5 94 43.5
TFormalin (cold)............ 156 574 67 24.6 49 18.0 | 152 55-9 | 120 44-1
Formalin (hot)............. 161 76-7 15 7.1 34 16-2 | 140 66-7 70 33-3
Mercurie ehloride (cold)....| 189 72.4 47 18:0 25 9.6 | 127 48.7 | 134 51-3
Mereurie ehloride (hot). ... 87 45-8 20 10-5 83 43.7 93 48-9 97 51-1
Mercurie chloride (dip.).... 118 85:6 18 13-0 2 1-4 52 37-6 86 62-4
Mereurous chloride (hot)... 87 83-7 10 9.6 7 6.7 61 §58.7 43 41°3
Mercurous ehloride (dip.)... 114 884 13 100 2 1-6 71 55.0 58 45.0
Mereurons chloride (cold). . 149 67-7 27 12-3 44 20-0 | 132 60-0 88 40-0
Infected sced untreated....| 662 40-8 | 362 22.83 | 597 36-9 | 815 50-3 | 806 49.7
Disease free sced untreated.| 1,212 66-2 | 305 16:7 | 314 17-1 | 901 49-2 | 930 50-8

At Charlottetown the results were inconsistent and are therefore difficult
to interpret. It is a matter of importance to note that both at Fredericton and
Charlottetown untreated checks yielded a high percentage of scabby tubers.
It would appear, therefore, that the soil given over to this experiment was con-
taminated with the organism responsible for the disease in question, a fact which
would explain the absence of satisfactory control from any of the disinfectants
used. At Charlottetown (column 7, table 125), it will be seen that considering
the severity of scab on a percentage basis the order of merit was as follows:
Improved Semesan Bel., Dipdust, cold mercurous chloride, hot mercurous chloride,
Cal-K, and mercuric chloride dip, the percentage infection being respectively
1-1,1:2, 86,39, 4-0and 5-2. Interpreting the same column of results from
a demerit standpoint we have the following order: hot formalin, mercurous
chloride dip, cold mercuric chloride, hot mercuric chloride and cold formalin.
Arranging these treatments (column 3, table 125) with respect to freedom from
scab the order of merit would be changed as follows: mercurous chloride cold,
Improved Semesan Bel., mercurous chloride hot, Cal-K and cold formalin. In
this instance the best efficiency is represented by 91-4 per cent.

DISCUSSION

While the results of these field tests are of great importance, we feel that
further experimenting is necessary before definite recommendations may be
made regarding the comparative fungicidal qualities of the various disinfectants
engaging our attention. The value of such experimental evidence is governed
largely by seasonal factors over which we have no control. Furthermore, we
believe that the intelligent interpretation of field plot data is greatly dependent
upon our ability to account for the toxic action of chemicals.
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Leaf roll—Persistance of Mother Set—The persistance of the seed-piece
has been frequently referred to as an indication of leaf-roll (fig. 55). Murphy
sayst in referring to this character: “The set from which a diseased plant
springs commonly remains firm until the end -of the season. This is not an
invariable rule, however, and its occurrence is not confined to leaf-roll alone.”

In the Charlottetown ficld plots during the past year the occurrence of
leaf roll in a number of potato varietics offered an opportunity of making
observations on this point. The consistence with which the seed-piece remained
intact throughout the growing season is well illustrated in the following list
of varieties showing symptoms of leaf roll:—

D077 (<) Seed piece intact.

Dakota Red. .o i e e «
B G o7 P
SDAUIAING ROSC. ..t it et ittt i e i i
By SUITISC. ot vttt vttt e (2 plants)
Trish Cobbler. . o i e i i e «

Green Mountain. . .

Rural Russet. . ..
Extra Early Eureks

SUNTISC. et v it i et e «

Carmen No.3.......o.ooiiiiiiiiiiiinnes « (2 plants)

Bliss Triumph.. ... iiiiiiiiiii i «

T I eT € 3 c o O Seed pieces  destroyed (2
) plants)

Manitoba Wonder. .. ...t e Seed picee destroyed.

Such evidence would imply that while the parent set producing leaf roll
plants generally persists, this character camnot be relied upon as a typical
symptom of leaf roll nor peculiar to the disease. Out of forty-one mosaic plants
examined five seed-pieces were found at the end of the growing season. Similarly,
in the size of seed-piece tests conducted in 1929 at Charlottetown, 73 per cent of
the whole seed tubers were uninjured at digging time,

SIZE OF POTATO SEED-PIECE

The results of five years investigation of this project have been published.*
It was pointed out that the matter of using culls for seed purposes involved the
question of virus discase development since it is generally agreed that there is
a tendency towards the production of small tubers from plants infected with leaf
roll and mosiac. Bearing in mind this factor, our observations led us to believe
that as far as Irish Cobblers are concerned, the use of culls has certain merits.
Green Mountains, however, in addition to being very susceptible to mosiac,
are grown extensively for secd purposes. IHence it is important for us to have a
knowledge of the manner in which this variety would respond to the practice of
employing culls for seed stock.

The land wused for this experiment in 1929 had not been in potatoes for
several years. It was ploughed in November 1928, manure was applied at the
rate of 15 tons per acre and in the spring of 1929 fertilizer was applied by
-machine at the rate of 1,560 pounds per acre, the chemicals being applied as
follows:

NIErate of SO ..ttt i e e 260 pounds
Sulphinte of amImonia. ... uii e e e 00 <
Muriate of potash..... ..o i e 300
Superphosphate......coiiiiiiiii i, et e e 600 ¢

1 Murphy, Paul A. Investigation of potato diseases, Bul. 44, Dom. Dept. Agr., p. 3. 1921.
*Reports of the Dominion Botanist for the years 1927 and 1928.
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F16. 56.—Size of seed piece experiment, Prince Edward Island. Note conformity of plant
growth with size of seed piece. (Photo. by R. R. Hurst)

F16. 57.—S8ize of seed piece experiment, Prince Edward Island. Note conformity of
plant growth of size of seed piece. (Photo. by R. R. Hurst)
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The culls and three-ounce tubers for seeding came from the corresponding
i f seed-pi btained in 1928, - The weight 1 nature of tl rer
size of seed-pieces obtained in . he weights and nature of these were
as Tollows:
Seed-picce Weight in ounces.

3,2, 13, 1, and 3.
14, 1, and §.

The sets were spaced 12 inches in 100-foot rows which were 36 inches apart.
The planting scheme comprised four replications and included buffer rows and
ends, Diseased plants were rogued as observed and the loss in yield was com-
pensated by calculating-the average yield of a hill for cach size of seed-piece
involved. Seed-pieces were weighed with all possible accuracy. Planting was
done by hand and the rows covered by hand hoeing. The plants were hilled
when they appeared through the ground and again three weeks later, The crop
was harvested the first week in October. All weighing was begun one month
later in the laboratory storage basement. A high degree of accuracy was
achieved by the use of egg balances, By means of this device all tubers three
ounces and under were graded into groups. The tubers of each group differed in
weight by a quarter of an ounce and were the progeny of the respective size
of seed-pieces used for planting.

Resurrs—Referring to. table 126, it will be seen that comparatively low
yields prevailed. The proportion of culls was high, a condition largely resulting
from the seasonal conditions which were so unfavourable to the production of
marketable tubers, Without deducting the tubers required for seeding, the
orcer of merit approximates the results previously obtained with Irish Cobblers.
However, on a basis of our previous experiments it must also be pointed out in
this connection that we may expect conflicting results so far as vields are con-
cerned. After two years of using culls-for seed there has been no evidence of
virus diseases. It should be noted that the history of this strain of Green
Mountains records a trace of mosiac.

20437—14
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At present throughout the potato growing sections of Canada reference is
being made to the question of providing a certification class for seed tubers
below three ounces in weight. The instant this is accomplished the lowly cull
is elevated to a position of importance hitherto enjoyed only by tubers three
ounces or more in weight. Bearing in mind this advantage all culls from the
size of seed-piece experiment this year were graded according to the size
of seed-piece from which they orviginated. For example, the culls from the
3 ounce whole seed-piece were graded as follows: % ounce, 1 ounce, 11 ounce,
14 ounce, 12 ounce, 2 ounces, 2% ounces, 25 ounces, 23 ounces. '

Txperience has shown® that whole tubers weighing one or one and a half
ounces return profitable results when used for seed purposes. Therefore, it would
be of value to ascertain the size of seed-pieces which produce the greatest
amount of culls approximating these weights. Information bearing upon this
point is given in table 127. The seed-pieces weighing L-ounce were the least
profitable with respect to the production of useful culls (one ounce and over).
Three ounce whole tubers, on the other hand gave the greatest number of usable
culls and fewer 4-ounce tubers than the 2 ounce whole seed-piece. With such
a high proportion of culls ranging in weight from 1 ounce to 2% ounces, the 3
ounce whole tuber may be accorded first position on a basis of one year’s trial.

In view of the unfavourable conditions governing growth in 1929 it is not
possible to compare conclusively ‘the yields obtained. It is obvious, however,
that further investigation of this phase will reveal some valuable information.

Tasre 127.—812 or Poraro SEEp-PIecE 1929

(Green Mountain)

Number of

Size of marketable tubers* Number of eulls below 3 ounces*
set used 3 312 \Over12| § 1 11 13 12 2 ot 2% 22
ounces | ounces | ounces ounee ounce ounces | ounces | ounces | ounces | ounces | ounces | ounces

Whole set—

3.. 26 209% 0 1313 51 85% 84% 86} 764 853 79% 7%

2 18% 1793 0 140§ 33% 813 723 77% 64 7% 673 50%

1 213 1983 0 1205 414 68 79 723 743 763 693 70%

1.. 21% 2043 0 82% 271 593 50 57% 50% 643 513 50%

5. 193 1973 0 77 33 453 46 50 36 494 453 473
Chut set

13. 26 191% Q 103% 32 513 66% 56 48} 043 3 59

1.. 201 2133 % 84 28 50 544 504 47 50 533 48%

It 17 201 0 52 213 35% 40 431 353 42} 44 403

*Average of 4 replications.

THE TOXICITY OF SEED POTATO DISINFECTANTS AS APPLIED 170 THE VIABILITY OF
RHIZOCTONIA SCLEROTIA

Investigational work in connection with seed treatment of potatoes has
been confined largely to field experiments. While this procedure has its merits
it would seem logical first to attack the problem in the laboratory and deter-
mine at the outset the degree of toxicity of the substance considered worthy to
be used for disinfectants. Using corrosive sublimate, preliminary studies of
this nature were reported in 1928,** when it was found that fungicidal effect
ceased if the strength of the solution was reduced to 1-1250, which is 80 per
cent of the recommended strength. During the past year a number of promis-
ing materials were submitted to similar tests. The following is a progress report
only, since the work is not yet complete.

* Report of Dominion Botanist, 1927, pp. 199-203.
*%* Report of the Dominion Botanist for the year 1928,
20437—143
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Procenurs—The following list gives the preparations used. - These’ were
employed as dips and the proportions 1ndlcated \\ele lecommended by the
manuchtmcls S C

.

. Improved Semesan Bel (1 20).
Cal. K (1:40).

Dipdust (1:20).

Sanoseed (1:50).

No. 664. (1:68). -

12-K (1:40).

EM.S. (1:50).

Potatoes bearing rhizoctonia “sclerotia were dipped in these 'solutions, («)
after- presoaking 24 hours in water,” (b) without presoaking. They were then
dried at room temperature for three hours. At this stage half -of the tubers
were placed in moist chambers and from the remainder the sélerotia were
removed with a sterile scalpel. In the first series of experiments these seclerotia
were placed in sterilized Richards solution having the follo“lng compomtlon —

No TR W

KNOg.. ©v v vt ce et et et e ee e e e .. 10°0 grams
KH:;P04 N > R L I4 5:3 st
MgS0, . 7HoO e e e e e e e e e . 205 grams ..
SUCTOSE.. v vv ve vh e e et ee e ae e oo B0-0 grams
7 1 litre

This method, however, while excellent for eliminating bacterial contamina-
tions encouraged development and spread of Penicillium which apparently sur-
vived the process of disinfection. It was believed that the unavoidable agita-
tion of the liquid medium was instrumental in scattering the Penieillium spores.
This difficulty was overcome to a large extent by changing to a solid medium
made up as follows:

. Potato finely cut.. .. .. .. .. .. .. .. .. .. 250 gramé,
i Dextrose.. .. .. .. .. .. .. .. .. .. .. .. .. 20 grams. .. .
I Agar.. .. e e e e e e e e v w17 grams

Dlstllledwatel 1 litre -

The reaction was adjusted to pH 5-2.

Desiring to test the possﬂolhty that the effect of treatment is govcmed to
a certain extent hy the size of sclerotia, both small and large sclerotia were
sclected for culture plating. 1In diamctor these were approximately 4 -and 3
millimeters respectively. .

Resvurrs—It should be noted that the first series of laboratory tests were
made with unusually soft sclerotin. Many had germinated. This was due, no
doubt, to the fact that it was the month of June before the experiment was
begun and it was impossible to obtain tubers with sclerotia unaffected by
moisture and warmth. Such conditions, in addition to the contaminating
influence of Penicillium referred to prev1ously, rendered these preliminary tests
of little value.

The figures tabulated in table 128 represent tests made with rhizoctonia
infeeted tubers from the 1929 crop. Selerotia were compact and appeared quite

apable of surviving the winter in a viable condition. It would appear that
by using the preparations indicated seed treatment was most cifective when
the sclerotia had been softened by plesoaklng
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TABLE 128.—ViaBILiTY oF REI1ZOCTONIA ScLEroTIA TREATED Wit ORGANIC MERCURY Comrounos Usep

As Dips
. Percentage of viable sclerotia®
Disinfectant Strength used Presoaked 24 hours Not presoaked
Large Small Large Small
Improved Semesan Bel.............. 1:20 10 0 21 0
Cal-K. . i 1:40 3 0 2 0
Dipdust, covvveieirii i 1:20 8 0 18 0
Sanoseed 1:50 0 0 0 0
No. 664........... 1:68 0 0 0 0
12-TC e 1:40 0 0 0 0
E.M.S........... 1:50 0 0 0 0
Cheekooviiiiiiiii i, No treatment 93 95 91 92

*Counts made 16 days after plating out.

Improved Semesan Bel used at a strength of 1:20 was lethal to small
sclerotia while with large sclerotia it was 10 and 21 per cent efficient respectively
for presoaked and not presoaked tubers. Dipdust compared favourably with
Semesan Bel. It is natural to expect that an increase in the strength of these
three compounds would make them more effective. Cal-K used at 1:40 seemed
slightly better. Sanoseed, No. 664, 12-K and IE.M.S. gave morc promising
results by apparently lnlhn«r all of the sclerotia.

The foregoing data, w lnle significant, must not be considered conclusive.
In addition to developing a more dependable technique it is considered necessary
to investigate the permanency of fungicidal effect; for the question naturally
arises as to whether or not the destructive influence of the chemicals penetrates
the entire sclerotial mass. .

THE USE FOR SELD PLRPO‘RES OF POTATOES PREVIOUSLY E\PO‘%ED TO I‘RDDZI\*G .
TRMPERATURES '

During the harve~t and alnppmo seasons low tomperqtu.reb make 1t dlﬁ"lcult
to handle pobatoeb without exposing them to frost injury, either in the field; in
the bin, or in handling for transit. Frequently, because of frost, certified seed
of excellent quality is disqualified at the shipping point or in the bin and the
farmer naturally inquires into the possibilities for seed purposes of such stock.
In case of severe {reezing the potatoes 1apidlv disintigrate and are rendered
unfit for ordinary use. With a view to determining the value, for seed purposes,
of potato tubers affected by frost, experiments were conducted in 1928 and
1929 which gave some information of value. In addition, photographs have
been obtained illustrating the various types of frost injury.

Authorities agree that the freezing point of _potatoes is lower than Johe
freezing point of water. In 1880 Miller-Thurgau,* who worked with .different
plants, found that potatoes froze at 30.21° I‘ By using the thermoelectric -
method of determining temperatures Wright and Harveyt found that.early and
midseason varisties have a higher freezing point than late  warieties. Tt would
seem: reasonable to expect, therefore, that.tubers should maintain excellent
viability even when exposed to ntemperatures thhtlv above their normal freez—
ing point.

BEXPERIMENTAL Prax.—During the winter of 1927 and 1928 Green Moun—
tains and Irish Cobblers were expo%ed to- chilling temperatures for different
periods. In March the tubers were exposed on theur sides’in one layer in an
open-top box on the north side of the laboratory at 3-pm: It was not difficult

* Miller-Thurgau, Herman, Usber das Gefrieren und Erfrieren der Pflanzen, In Landw.
Jahrb. Bd. 9, p. 133-139, pl. 1-4, 1880.

+ Wright, R. C.. and H:uvev R. B, The Freezing Point of Potatoes as Determined by the
Thermoelectric method. USDA. Bul. 895, 1921.
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to obtain constant temperatures for the time periods represented in the tables.
Longer exposures were not possible because of the temperature fluctuations -
occurring with the time of day. The box was equipped with a 4 inch mesh
wire bottom. After the time limit of each exposure the tubers were jarred
by tossing them into a box to promote any freezing about to occur.f Such
tubers were used for seed in a ficld test along with checks planted with sets
from tubers which had been stored under normal conditions.. Immediately
before planting notes were taken on the degree of sprouting that oceurred in the
frost injured tubers. During the growing season .observations were made on
the plant developments and yields were caleulated when the erop was harvested.

Resvrrs.—It will be seen by referring to table 129 that the lowest yields
were obtained from tubers cxposed for 65 minutes at a temperature of 26° F.
Frost injury was apparcnt in this instance, a belief given further support by the
fact that these tubers not only developed weak sprouts but ‘also gave a poor
stand of plants in the field (table 130).

TaBLE 129—FRosT ExXPERIMENT, 1928

Irish Cobblers Green Mountains
Lxposure .. T empera- Yields per acre Tempera- Yiclds per acre
.t Marketable | Culls tre | Marketable | Culls
°F. bush. bush. °F. bush. bush.
2980 304-6 121-4
265-6 240-5 115-4
288-3 296-5 107-6
261-8 302-4 95-8
201-6 219-6 101-3
239-5 251-6 76-4
212-8 228-7 94-1
2485 260-0 102-3
251-5 250-0 98-6
2467 260-5 103-4
250-7 308-2 121-2
2477 261-2 84-3
256-0 310-0 106-5
268-0 273-7 98-4
251.2 260-0 96-4
282-2 274-6 87-3

TasLE 130.—FrosT ExPERIMENT 1928, GERMINATION AND STAND

Conditién of sprouts . :
Tempern- at seeding date Percentage stand
Exposure - ture . N : S
Irish Green Irish Green
Cobbler Mountain Cobbler | Mountain
°I.

15 min 26 Good Good 99 98
20 26 Good Good 100 ‘99
35 « 26 Fair Fair 100, 100
45 26 “air Fair 96 99
65 26 Poor Poor 90 81
. weak plants/weak plants
P Good - Good 98 94
90 « 26 Good Good 100 © 99
45 « 30 Good © Good 100 100
60 ¢ 30 Good |- Good 100 . 99
90 « 30" Good Good 98 99
60 32 Good Good 100 100
............ Good Good 96 100
75 « 32 Good Good 97 99
105 “ 32 Good Good 100 98
20 “ 29 Good Good 99 100
35 « 29 Good Good 100 100

- Wright, R. C. and Taylor, G. ¥. Frecezing injury to potatoes when undercooled. U.S.D.A.
Bul. 916, 15 p. 1921, ) ) .
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D

T16. 58— Frost injury to potatoes. A. Right. ring necrosis: left. same tuber sliced
near surface. B, Net necrosis. . Net necrosis, blotching and ring necrosis.
1. Blotching; advanced ring necrosis.
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1t is evident that the tubers were injured when exposed for 90 minutes at
a temperature of 26° F. (table 129), although by consulting table 130, it may
be seen that the sprouts and stand were normal.

Under the conditions obtained it is evident that for short exposures, tem-
peratures ranging from 29° to 32° I. have no harmful effect.

Types of Frost Injury

The foregoing investigations made it possible to observe the manner in
which potato tubers were cffected by frost. Inasmuch as there exists confusion
as to the typical indications of frost injury, a brief reference to the subject
seems appropriate.

While it is difficult to classify frost injuries produced, because of the merg-
ing of types, nevertheless, by carefully recording thé observations it was shown
that frost injury may be grouped under four general headings as follows:—

1. Ring Necrosis—When tubers are exposed to frost for very short periods
a faimb ring appears. This may be associated with slight netting as illustrated
in fig. 58a. This condition was pronounced when potatoes were exposed for
15 minutes at 14° T, '

2. Net Necrosis—This type of freczing injury occurred when tubers were
exposed for 30 minutes at 14° F. Indications of the netting are seen in fig, 58,

“and it is more clearly defined in figs. 58b and 58c¢ .

3. Blotching-—Severe chilling produces the blotching shown in fig. 58c,
the result of an exposurc of 30 minutes at 12° T. This also illustrates ring
necrnsis.  The type of blotching shown in fig. 58d was the result of an exposure
for 2% hours at 14° . Ring and net ncerosis are also clearly defined.

4. Leaky Stage—This stage follows actual freezing. Upon cutting, such
tubers seem to be normal in appearance but close examination shows them to
be “ waxy ”. After exposure for a few hours at 70° F. the cut surfaces become
brick red and later, black. When potatoes are injured in this manner they
will become wet when the frost comes out. This gives rise to the wet potato
sacks  whieh are so common when shipments are made during cold seather.

BROWN-HEART OF TURNIPS

In the late growing season of 1928, there appeared in Prince Edward Island
a turnip disorder which caused considerable financial loss to the farmers through-
out the province. It was responsible for the disqualification of many car loads
of apparently sound turnips and in the spring of 1929 it was a common sight to
see fields of affected turnips which had been abandoned as uscless in 1928,
Likewise, many thousands of bushels of similarly affected turnips were thrown
away in the spring. :

Symproms.~—Brown-heart is detected by cutting into the turnip. In the
field there is no outward indication of the disorder. Affected turnips seem
sound and their grosving tops present a normal appearance. Persons accus-
tomed to handling turnips will -detect light-weight specimens, and, while it is
not an invariable rule, when sliced open these show the advanced stages of
brown-heart. Symptoms are indicated by a definite brownish mottled area
involving approximately two-thirds of the parenchyma (fig. 59). This occurs
with great regularity in the lower half of the turnip. In other words, the
part above ground is least affceted. The point is illustrated in fig. 61 which
shows onc-half of a turnip cut in two from top to bobttom. Note also the
mottling. In advanced stages the definite brownish character is less evident
and mottling practically -disappears leaving a greyish-brown, dry punky mass
in which cracks appear (fig. 60). It is at this stage that turnips arc noticeably
light in weight. Cooking renders affected turnips distinetly woody.

Cavse—There is no evidence that the condition known as brown-heart is
caused by a parasite. '




F16. 59—Brown-heart of turnips (note mottling).

F1a. 60—Brown heart of turnips showing advanced stage (note cracks).
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| F1e. 61—Longitudinal section through a turnip illustrating the
manner in which brown-heart develops in the lower half or
the part beneath the soil.

It is apparently a physiological condition induced by physical factors
‘ involving soil conditions.

INvESTIGATIONAL WoORK.— When it was known that turnips were thus
affected, a set of inquiries in the form of a questionnaire was sent to a number
of turnip growers throughout the province. In this connection information was
solicited as follows:—

VARIETY OR VARIETIES GROWN,
Darte or Seepixa (Approximate).
Dare oF HarvestTinGg (Approximate)

Sor. Coxpitions.—(1) Type of Soil.
(2) Drainage.
‘ (3) Cultivation.
‘ Ferrivizers Usep.—(1) Kind.
l (2) Rates of Application.

Maxvre Usep—(1) Rates of Application.
Rorariox PRrACTISED.

PercENTAGE OF TURNIPE SHOWING THIS TROUBLE.
Prease Give ANy FurtHER Detains Coxzecrep witH THE CuLture oF Your TurNie Crop.
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In analysing the answers it would he inipossible to esbablish dependable
criteria as a basis for recommendations as to control methods. It is obvious that
the disorder occurs regardless of the presence or absence of chemical fertilizers
and barnyard manure, as indicated by the fact that turnips were affected to the
extent of 75 per cent where chemical fertilizers were applied both with and
without manure (Questionnaires 1 and 2, table 131). _

Similarly, there seem to be no varietal tendencies, inasmuch as all three
varieties (Hazards Improved, Millpond, Bangholm), were affected (Question-
naire 14, table 131). ' -

ExrerivMENTAL Work.—Through the kind co-operation of Schaad Brothers
at York, P.B.I, an experiment was conducted in 1929, for the purpose of securing
dependable preliminary evidence of any relationship whieh might exist between
brown-heart and the amount of plant food applied in the form of chemicals and
barmyard manure, with and without lime, according to the following plan:-—

Maxung, L, Anp Frrrinizer EXerriMeNT witH TURNIPS

A. Using no manurc with fertilizers and lime:—

1 ton ground limestone.. .. .. .. .. .. .. .. .. .. «. .. .. ..DOr acre

160 pounds pitrate of seda.. .. .. .. .. L. oL L s L L9«

400 pounds acid phosphate.. .. .. .. .. .. .. ..o oL L L0

40 pounds muriale of potash.. .. .. .. .. .. .. .. .00
B. Using manure with lime and fertilizers:— .

10 tons manure., .. e e e ee e e e e et e e . .. o.peT acIe

1 ton ground hmc)ionr . e e e e e e e e e e L

100 l)ounds nitrate of soda.. .. .. .. .. L. Lo

400 pounds acid phosphale.. .. .. .. .. .. oL e e a0 L L O

40 pounds muriate of potash.. .. .. .. .. .. .o oL
C. Using manure only:— :

10 tons manure.. .. .. ’ I 215 s X1 (]
D. Using manure, fer L111701> and no lm)c — .

10 tons manure., .. PO 163 M T N e}

75 pounds sulplmio of ammonia. e e e e e e e e e

400 pounds zeid phosphatc.. .. .. .. .. . . e a el .. L9

40 pounds muriate of potash.. .. .. .. .. ve
. Using twice the qlmnuty of manure with fer ulmcz and no hmc —

20 tons manure.. .. fe el 4 e a4 e ew ea ee .. .. oL.peroacre

400 pounds acid phOsphnte e e e e e e e e e e s e

40 pounds muriale of pota\h., O

The field given over to this experimenl had been under hay for several
years and was pastured in 1928. In November the same year the sod was
ploughed five to six inches deep. A heavy application of mussel mud was made
15 years previously. In the spring of 1929 the field was worked up several times
with the spring toothed harrow. The third week in June plot A reccived an
application of one ton of limestone which was worked in with the harrow. The
last week in June plotz-A and B received 400 pounds acid phosphate and 40
pounds muriate of potash. These werc worked in.with the harrow. The manure
was then applied and worked in with the hiller. Seeding was done on the first
and sceond days of Tuly :July ' 6 the fertilizers for plots.D and I were applied
and hoed in. Nitrate of soda was applied to plots A'and B when the turnips were
thinned. Two varietiés w ere used: n‘\mely, Hazards Im'ploved and 1 \é[lllpond

Resuvts.—Growth was normal thmuwhout the scason and ag was expected
plot It with the 20 tons of manure shosved the biggest tops, and where no manure
was applied the tops were small.

- When the turnips were well formed samples were taken from each plo‘o
It was found that brown-heart occurred in plot A which had received the lime.
There was no indication of the disorder in any of the other plots at that time.
However, later observations showed that affected turnips were not only confined
to one sectlon of plot A but were abundant within a well-defined area, throughout
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the entire field and including a section of each plot. It is significant that the
greatest number of affected turnips were found in plot A, which had received
an application of limestone.

It was not possible to detect any varietal tendencies. Both varieties used
were affected equally.

Cowncrusions.—The foregoing evidence supports the belief that soil factors
largely govern the occurrence of brown-heart of turnips. While the available
data are not convinecing it would appear that Hme and manure play an important
- part. Successful investigational work is contingent upon a kmowledge of soil
reactions, a phase which is receiving careful attention.

POTATO INSPECTION AND CERTIFICATION SERVICE
(John Tucker, Chief Inspector, Central Experimental Farm, Ottawa)

PROGRESS

Notwithstanding a reduction in the acreage of potatoes entered for inspec-
tion in 1929 as compared with 1928, the results of the year's operations, from
the standpoint of crop value and the market demand for certified seed, were
most satisfactory.

The number of applications for Aeld inspection was 6,285. The number
of fields listed was 8,841, for a total of 32,030 acres. All the fields swhich passed
the first inspection received a second inspection, and a third inspection was made
where considered necessary in the interest of the work.

A total of 24,307 acres passed all field inspections, or approximately 75-9
per cent of the total acreage offered for inspection. These results are con-
sidered very satisfactory, especially as the growing season was very dry over
a large area of the Dominion,

PRODUCTION

Approximately 4,000,000 bushels of certified potatoes were procduced in
Canada in 1929. The demand for seed was exceptionally good but the supply
was found ample to fill the demands of the trade, at reasonable prices.

Official tags were issued for 1,500,000 bushels of certified seed potatoes in
1929. Of these 300,000 bushels were for spring shipments from the 1928 crop,
and 1,200,000 bushels were for fall shipments from the 1929 crop. The fall
" shipments were mostly for the export trade. -

Less table stock was produced in 1929 than in the previous year, conse-
quently the demand more nearly equalled the supply, and much better prices
were in evidence. The higher value of table potatoes favourably influenced the
seed prices, and the growers generally were better satisfied with the crop
returns for 1929 than for the previous year when overproduction resulted in
low prices for table potatoes and also adversely affected the seed prices.

As a result of the drought, the potato crop was practically a failure in the
Prairie Provinces in 1929. TFields planted with certified seed gave better yields
than the general run of seed and in consequence the Prairie growers are larger
purchasers of Certified Seed than ever before. It is more evident edch year
that better yields of good quality potatoes can be obtained-by planting Certified
Seed, and the per bushel cost of producing potatoes is thereby materially reduced.

POTATO BXPORTS AND IMPORTS, 1929

The exports of potatoes from Canada in 1929 amounted to 7,145,246
bushels, valued at $6,227,948. The principal markets were the United States,
Cuba, Panama, Newfoundland, British Guiana, Trinidad, Bermuda and Jamaica.
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The total imports of potatoes into Canada in 1929 amounted to 1,189,200
bushels valued at $1,173,953, «ll from the United States. (IFrom “Trade of
Canada 1929.” Published by the Department of Trade and Commerce:)

Included in the export figures are Certified "Seed . shipments to foreign
countries, amounting to over 1,250,000 bushels. (An official tag was attached
to every package of certified seed, deseribing the contents, variety, certificate
number, ete.) ' ,

The Bermuda shipments were practically all certificd seed. The Cuban
shipments were mostly table potatoes but the trade in Certified Sced is increas-
ing very rapidly. (Speceial health certificates, issued by the potato certification
staff, are required by the Cuban Government covering - all importations of
potatoes into Cuba.)

Several test shipments -of Certified Sced potatocs were sent to Buenos
Aires, South America, by the Markets Division of the Fruit Branch. The
shipments were assembled at St. John, N.B., Montreal, Que., and Vancouver,
B.C., the certification staff co-operating in locating and assembling some of
the shipments. The crops obtained from the use of Canadian Certified Seed,
by growers in the south, were most satisfactory, and these growers appear
anxious to procure much larger quantities in 1930. The purity of varieties,
vigour and the freedom from disease were apparently surprising to the South
Americans who planted Canadian Certified Seed for the first -time.

Canadian sced continues to give remarkably good results in the many potato
areas in the United States to which large shipments have been sent.

INSPECTION STANDARDS, 1929

No change was made in the inspection standards in 1929 except to provide
a small additional tolerance of 10 per cent for slight common scab and
rhizoctonia in the tuber standard. It was evident at harvest time that seasonal
conditions warranted this consideration which was provided as an emergency
measure only, and it will not apply to succeeding crops unless considered
absolutely necessary in the interest of the industry.

SUMMARIES OF FIRLD INSPECTION WORK, 1920

Included in the two following tables (132 and 133) arc summaries of the
distribution and results of the work by provinces, and the average percentage
of the prineipal diseases found in the fields inspected, passed, and rejected.

TasLe 1832 —SumMary or e Fierp Inspecrion WoRk ny ProviNces—1929

Nun}ber, Nun}ber Number P " Total P
. o 0 o er- y Acres er-
Province appli- fields fields centage afl(?sd passed centage
cants entered passed | entere
. % : %%

Prince Edward Island........ 3,668 4,935 3,893 776 22,0641 18,257 80:6
Nova Scotia e 236 . 365 273 74-8 535 405 757
New Brunswick..............|. 325 651 392 60-2 2,850 | 1,665 58-4
Quebec................. e 1,287 1,640 903 551 3,001 1,082 54-4
Ontario................. s 416 536 431 80-4 1,739 1,405 80-8
Manitoba.................... 33| 73 | 71 97-3 256 254 99.2-
Saskatchewan o 103 | . 166 140 84-3 | . 0331 226 68-3
Alberta................. .. 68 122 106 86-9 185 124 67-0
British Colminhia . 149 353 257 72-8 402 289 71-9

Total (Canada).......... 6,285 8,841 6,396 72-3 32,030 24,307 759
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TanLe 133—PuRCENTAGE of Disease Founp, ny Provinces

Prince . New s Sas- British
—_— Tdward| g\goz% Bruus- | Quebec | Ontario J\tInl‘)“- imt— Albertal Colum-
Island ot wick : 003 ghewan bia

% % % % % % % % %

Average per&entnge of disease in total fields

inspected— .
Blackleg. 0-15 0-06 0.2 0-36 0-4 0-32 0-45 0-1 0-18
Leaf roll 0-01 0-3 0-1 0-17 0-33 0-06 0-14 0-11 0:02
Mosaic 059 0-5 2.1 1.82 0-15 0-05 0-3 0-06 1.27
Average perceatage of disease in fields
passed—
Blackleg...ooeveiiiiii it 0-08 0-07 0-1 0-16 0-28 025 0-14 0-01 0-03
Leaf roll... 0-01 0-2 0-07 0-07 0-18 006 0-04 011 0-01
MoSRIC. v vt it i 0-06 0-17 0-3 0-48 0-01 0 0-01 007 0-29
Average percentage of disease ia fields|
rejected— ) .
Blackleg....oocovviiiiiiiiin it 0-39 0-04 0-3 06 1.3 2.6 61 0-55 0-49
Leaf roll.,. 002 0-5 0-3 0-28 0-83 0.0 0-31 0-15 0-05
MoOSRIC. turern ittt e 2-42 1-48 4-8 3.6 0-59 1-6 88 0-04 3:356

FIELD INSPECTIONS BY VARIETIES, 1929

It is evident from the number of inquiries received concerning the acreages
of the different varieties of potatoes grown for certification that the following
tabular (table 134) aud graphical summaries (fig. 62), which illustrate this
information in a concise way, should be of general interest.

The Irish Cobbler variety takes the lead in acreage grown for certification,
by a wide margin, the next in importance being the Green Mountain variety.
Most of the area planted of hoth of these varieties was in Prince Edward
Island.

Ontario produced the next largest acreage of the Irish Cobbler variety, and
Quebec of the Green Mountain variety. New Brunswick also had a large
acreage of Green Mountains and lead in the production of Bliss Triumphs.

The Dooley variety was grown exclusively in Ontarie. This variety is
rapidly inereasing in favour with the Ontario growers, and is largely replacing
the Green Mountain variety as a late potato. It appears to be well adapted
to Ontario growing conditions.

The Spaulding Rose variety was grown mostly in Prince Edward Island
and is on the increase there. Several other varieties were grown in small lots,
principally in the Western provinces.

Tapie 134.—ACREAGES ENTERED FOR CERTIFICATION, AND ACREAGES PasseD

. Acres Acres \ o
Variety entered passed Percentage
%

Irish Cabbler. ..ot e it et a e aees 16,506 14, 268 86-4
Green Mountain. .. 12,929 8,003 62-6
Dooley.......... . 1,044 876 83-9
Bliss Triumpll. ..o e e it s 311 158 50-8
Spaulding oS ... it it i i e e, 193 179 92-7
(073 DTS I T ] AT TS 1,047 733 70-0
B0 1) G 32,030 24,307 75:9

COMMENTS ON REJECTIONS

Tt is evident from a study of the following table (135) and graph (fig. 63)
that it is not such an easy matter to produce certified seed.potatoes as it might
appear to the uninformed. Iivery year numbers of growers entering their fields
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for inspection for the first” time, cxpress surprise when their crops are 1'éje_cted
for certification. The impression they apparently held, that crops from certified
seed are certain 1o pass field inspections, is unfortunately, not true. Diseases
are continually making inroads into the crop, and unless carefully controlled
throughout the growing season, will develop to an cxtent greater thdn that
allowed in the standard for certification.

ACRES — PASSED AND NOT PASSED
BY VARIETIES

/4 -
EN Fi55ED
07770 NOT PASSED
12
10
(%Y
-
o ¢
<
X,
-
P é
2 -
.. % ' t
| N i
IRISH GREEN DOOLEYV OTHER
COBBLER MOUNTAIN VARIETIES

Considerable credit is due all those growers who have, by consistently
roguing their plots for disease, practicing the best cultural methods, spraying
or dusting for fungus and insect pests, produced seed potatoes sufficiently
vigorous and free from serious diseases to warrant the official tag being placed
on their product. ‘ Z

A total of 2445 fields were rejeeted for various reasons as specified in the
table. This represents 27.7 per cent of the fields entered for inspection, fields
that were all piauted with good seed but which at the end of the growing season
did not conform to as high a standard as the field from which the sced originated.
The need for continuing the certification work is evident if for no other reason
than to hold to the minimum the inroad that diseases are making in the potato
erop,; and against which the certification work appears the most logical control

measure possible for large seale operations.
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Mosaic was directly responsible for 50.9 per cent of the total rejections.
The graph shows the trend of this disease is toward .more .serious. proportions.
The disease is found to be most prevalent in the Green Mountain and Bliss
Triumph varizties.

Leaf. roll is fortunately on the down trend .in every province and it is
remarkable how much less this trouble is in evidence than than it was a few
years ago, when.it threatened potato. production in many areas. In these areas
the yields were very low, and leaf roll was found to be the principal cause.
Certification work has been given due credit by many competent observers for
reducing the amount of this trouble in potatoes.

FIELD REJECTIONS  1927—-1929
" GRAPH OF CAUSES

/4 MOSAIC
Q
ly
N /2 >
N
=
Q _ .

/0
g
W
<,
'R
Q
g
(U]
X 6
2 ADJACENT TO
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\\\
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| ——{1E4F RoLL

YEAR 1927 1928 1929

No less than 375 fields were rejected on account of being adjacent to diseases,
that is to say planted within 200 feet of potato fields having a high disease
content. The danger of the spread of diseases by insect carriers has been well
emphasized by the inspection service, and a large-percentage of these rejections
are due to carelessness in not observing the rule in this regard. In some instances
it was found, however, that the seed grower had unwittingly planted his seed

near a neighbour’s table potatoes which contained much disease.
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227

~ Plantihg of Demonstration plots in each province for-the study .of potato
-diseases, certified seed variety and strain tests, seed treatment demonstration,
-ete. (These plots were used principally for training new inspectors, but. they
-also afford.an excellent opportunity for potato.growers to become. acquainted
with the diseases of the crop and to secure other useful information.) =~ :

Field days and potato tours for potato growers: These were mostly organ-
ized by the provincial officials of the Department of Agriculture and the local
inspectors were requested to attend to point out the various diseases present in
the fields, and to recommmend. control measures.

. Junior T'armers’ and Boys’ Clubs plots: The inspectors -co-operated as far
_as possible in judging and'in recording the diseases on these plots. Over 300 such
plots were inspected and judged by the seed pota’uo inspectors in 1929. -

The permanent inspectors were in demand in every province, at all special
potato meetings. These requests were complied with in the interest of crop
improvement work. (The chief inspector attended over forty such meetings
during the year). Other activities included the judging of many of the standing
field crop competitions, judging at fall fairs, and preparing and setting up
exhibits at fairs (fig. 64).

The permanent inspectors were 1esponslble fo1 the 1 1ssulng of health certifi-
cates for practically all seed and table potatoes for export. Many thousands of
these certificates are required every year. \

v,
S T

Summaries of Imspectors’ Annual Reports - °

The following summaries of the annual reports submitted to<headquarters
by the senior and district inspectors in charge of the work in their respective dis-
tricts, give'a good outline of the work in general as carried on in each province.

PRI\TCE Epwarp Isnanp—S. G. Peppin, Senior Inspector, L aboi'atbry of Plant
Pathology, Charlottetown, P.I5.I.

Plzm’mngs of certified seed potatoes were much 1educed this year, due largely
to the unsatisfactory prices obtained last year. The- acreage. planted to Irish .
Cobblc1s was reduced from 22,986 acres in 1928 to, iét 626 in 1929, Green Moun-

tains from 8,848 acres to 7, 787 acres, and the number of apphca’mons for mspec—
tion from 4 629 t0.3,668.. The zwemge acreage under inspection per glowel m
1929 was 6 acves.

The growing season was similar to that experienced in 1921, chought con-
tinuing until late August. Early varieties suffered considérably: e\cept on .good
land. Very early and late plantings gave poorer returns thean those from the
plan’mngs on the average date, namely June 1. Many factors, however, influenced
“the vine growth, i.e., date of planting, type of soil, amount of fer t111ze1 too close
“or too much cultivation during heat of day, etc.

Early and late blights, and black leg, were much less severe this yeal th'm

last, while other field diseases occurred to about the same extent and intensity.
\/Iost growers sprayed with Bordeaux mixture, but less frequently than usual.
Some burning of the vines resulted from spraying diuring the heat of day. In
one case where the grower: did .not spray at all, 25 per cent of late bhght 1ot
-developed.in his crop in the-fall.
_ Crop yields from Certified Seed varied from 100 to 450 bushels per acre.
Irish Cobblers averaged 175 bushels, Green Mountains, 250 bushels; Spaulding
Rose, 300 bushels per acre. About 60 per cent of the crops would gr ade Ex’ma
No. 1, certified.

all shipments of Certified Seed pota’uoes have been extlemelv heavy, aggl e-
gating- well- over :one million bushels. . These weré slupped 1n twenty—fom
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‘steamers, during-a period of three months, making-altogether the largest quantlty
of Cer tlﬁed Seed ever exported during the fall season. Priees were good, varying
from $1 to $1.75.per bushel all season. Quality on the whole was very good.

‘The senior inspector received numerous calls for lectures or. addresses ab
field gatherings, as Well as at speeially arranged meetings in eo-opération with
the Potato Growers’ Assoeiation and the Provincial Department of- Aglleultme

Nova Scorra—W. K. ‘MeCulloch, Distriet Inspeetor, Laboratory of Plant Path—
ology, Kentville, N.S.

 The acreage inspeeted in 1929 was 17 per eent less than the record one of
1928.- Most probably this reduetion was due to the failure of the new growers
of 1928 to get into the ehannels of trade in Certified Seed Potatoes.

The quality of the crop was high compared with that of previous years. In
1929, 75-7 per eent of the aereage entered, passed for eertifieation. Only -3 per
cent of the fields were rejeeted for Black Leg and 9-3 per eent for Virus diseases.

A very dry summer resulted in a light erop of early potatoes, but the heavy
showers in September saved the late potatoes which yielded large erops. The
Garnet Chili variety yielded from 275 to 385 bushels per acre, and the Gleen
Mountain from 350 to 374.

Common Seab was a source of mueh tr ouble. Late Blight Rot was moderate
to severe in erops where spraying had been only partially done. Well sprayed
crops were praetieally free from Late Blight Rot.

Shipping inspeetions were made on 3,000 bushels of Gleen Mountain, 1 400
bushels of Irish Cobbler and 1,100 bushels of Bliss Triumph during the spring,
from the 1928 erop. The Green Mountains were exported to Maine, U.S.A., for

-use as foundation stock.
. TFrequent shipping inspeetions were 1equued during Oetobel and Novembel
A total of 5,000 bushels of Certified Bliss Triumph Seed Potatoes was shipped -
to Cuba, and 16,000 bushels of Garnet Chili to Bermuda. The latter quantity
eonstitutes only two-thirds of what has been Bermuda’s normal requirement in
the way of seed, but having experieneed extremely adverse eonditions during
the last two seasons, in the marketing of their erops the importers were reluctant
to invest heavily in the higher-prieed seed of this season. .-

Last year the-surplus of Garnet Chili was shipped to Cuba. Exeellent
‘reports were obtained of the behaviour of the seed during the growing season but
the yield was disappointing, This may diseourage further 1mp01tat10ns of this
variety for seed purposes. Part of this same seed, planted in Clifton, N.S,,
gave as high as 385 bushels per aere. We hope for better 1esults from the Bliss
Triumph Va11ety, for the Cuban trade.

In addition to the regular inspeetion work, the Inspeetors judged the fields
of 60 growers in the Potato Crop Competition and 51 plots of the Junior Potato
Clubs. Investigational work was continued at the Kentville Experimental
Station. ‘

NEW Brunswick—C. H. Godwin, Distriet Inspector, Laboratory of Plant
Pathology, Frederieton, N.B. ,

Out of 2,850 acres of potatoes inspeeted, a total of 1,665 aeres passed
inspeetion. The rejection of 1,185 aeres was ehiefly due to Mosale Apparently
blaekleg and leafroll are belng redueed to some extent as less fields are rejected
on that aceount than was f01me11y the case. Approximately 461,940 bushels
of seed potatoes were inspected in:the bins:- Little.. difference was.- observed
in the amount of tuber diseases over that of last year.

. In spite of the dry season, the average yield for Certified Seed of all Va.rletles
-was 277 bushels per acre. The Green Mounta,m variety .gave an aver age yleld of
289 bushels per aere, . , .
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The seagson was a good one for the seed trade as 210,000 bushels were‘sold,
of which amount 140,000 were fully certified. The principal markets for Neiw
Brunswick Certified seed.were Maine, Cuba, Quebec and North Carolina. < A
few carlots of seed were purchased by the Agricultural Societies within the
Province, and were distributed amongst the members.

Work was continued on the improving of the Bliss Triumph variety for
certification purposes, and a number of new areas were selected in which to grow
this variety for foundation stock.

A survey of the truck growers potato fields was made during the growing-
season, and it was found that some of the varieties were wrongly named. Tubers
from eightly-five: different varieties were taken from these fields, and planted in
a test plot. Many of them, however, had to bé discarded 1ate1 on account of
disease.

+ An. experiment was conducted dn the. labol atmy during. the wmtel months,-
to. ascertain why potatoes turned dark after. being. cooked. Five hundred tubers.
were tested, and it was found that chilling of the potatoes was one.cause.

Assigstance was rendered by members of the inspection staff, in judging
fields entered in the field crop competition, and also at seed fairs. Lecbures were
given at short courses. An exhibit was displayed at some of the fall fairs by
members of the inspection service, of potato plants and tubers affected with
various .diseases. An exhibit of fungicides for seed treatment, spray and dust
materials was also displayed.

The valuable work of the district 1ep1esentat1ves, in promoting the use of
.certified seed potatoes to growers in their districts is cordially acknowledged:

QUDBDC——B Baribeau, District Inspector, Laboratory of Plant. Pathology,
Ste. Anne de la Pocatlele Que.

The past season was unnsually wet in this provmce during the late summer,
a condition predisposing to late blight. This disease reached épidemic proportion
late in August and early in September, resulting in a considerable reduction in
the crop. '

The number of applications requesting ficld inspection was greater than in
1928. The acreage entered for mspectlon increased by 179 per cent.

There is a slight increase-in the amount. of mosaic recorded in 1929 over
1928 for total fields inspected. The percentage of other diseases remdins about’
the same as last year. o

A total of 708 applications were 1ece1ved for tuber 1nspect10n It is e\fldent
from the reports made at the time of bin inspection that tuber diseases remain
practically the same as in 1928, with the exception of late blight and cormmon
scab which showed an average of 4.5 per cent and 5.1 per cent respectively,
Rhizoctonia averaged 3.4 per cent. The greatest loss in grading for certification’
was due to late blight and scabs.

Shipments of certified seed potatoes within the province increased con-
siderably in 1929 over past years. ‘Small shipments-amounting to 173 bushels in:
all, of Green Mountain certified seed, were exported to the Argentine. .

In addition to the regular inspection work, the whole inspectional staff have
had-considerable judging to do, in field crop competition and alsc the competitions
in the stored crop. They also acted as potato judges at county fairs, and have
given demonstration on preparation of Bordeaux mixture, spraying, . etc .

Assistance was given to the growers in roguing their seed plot and in. select-
ing seed for future seed plots and exhibitions. Lectures were given at the Ste.
Anne dnd Rimouski agucultuml schools and at the agricultural short courses
held throughout tlie province by the district vepresentatives.. '.

- A number of potato varieties were collected for varietal studies. A potator
dlsease nursery was maintained for educational purposes and for the tmlmng'
of the inspectors. .
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“An encouraging  and noteworthy. feature in the:potato-industry of- the pro-
vince is the number of special potato warchouses that have been erected durirg
the year by the potato growers’ Co-operative Soecieties, affording much,. better
accominodation and.facilities for grading the erop than was previously obtain~
able. An improved demand for Quebee.grown potatoes has 1esulted, and the
growers ‘are quite gptimistic regarding the future.

‘We are glad to acknowledge the-very valuable eo- -oper atlon of many officials
of the Provineial Department of Agriculture, more espeeially Messrs J szme,
J. N‘ Albelt and the Aglleultuml Representatives. :

ONTARIO—O w. | aehalne, District Inspeetm care Horticultural Depmtment
. Ontario Aglleultmal College Guelph.

Although there was .a deercase in the.acreage entered for 1nspee‘mon in
1929 as compared with that entered in 1928, it is gratifying to note that the
percentage of fields which passed inspection rose from 75-8 per cent to 80- 4
per. eent, and that- of the acreage passed from 72-4 per cent to 80-8 per cent of
the totals enteved. | Practically all the regular seed potato producers stayed
with the business. The deerease in the total ‘acr eage cn‘celed for 1nspeet10n was
largely due to smaller plots per grower, "5
- " In general the seed was planted latér this'season than- usual A dly summer
in ‘most districts resulted in-a rather low average yleld per acre. Insect pests,
especially. aphids and leaf hoppers, were very numerous, exeept in ﬁelds which’
were thoroughly sprayed or dusted with Bordeauk. - ’ ’

- Quite a heavy loss of crop occurred at digging tiine from early frosts, which-
also led to further loss during storage. Rhizoctonia and Common peab were
present in the erop to a greater extent than usuwl possibly due to- lack of
moisture.

_ - The demand for cer t1ﬁed seed continues to inerease in this provinee. Spring
shipments were disposed of in small lots direet to the consumer from the pro-.
ducer. TFall shipments were about normal and were mostly of the Irish Cobbler
variety. A keen demand for seed is in evidence for next spring dehvely and at
good prices. :

A new association, known as the Central Ontauo Potato Glowels Associa-
tion, eame into being dunng, the year A1l their.potatoes: were shipped under
a special grade name. High quality is featured. Present indications are that
they will do an exceptionally good business. The demand for the potatoes
sold through the association, far exceeded the.supply. - Good prices were obtained
for table stoek during the fall and this resulted in a large quantity of pobatoe%
that were intended for sced, selling as improved table stock.

- Other activities on the part of the mspeetms included thie planting of a
demonstration plot, at St. Catharines; the 10gu1ng of tuber unlt plots for the
improvement of foundation seed stoek's potato “ Field Days ”; special lectures
at potato mectings -and . at the 'Lgneultulal short courses held throughout the
provinee. Exhibits were prepared and set up at many of . the fairs, and the,
inspectors judged the potato entries at various eounty and winter fairs.

The hearty . co-operation of many members of the provineial Department
of Apgriculture, and others, who have consistently supported the. Dominion seed
certifieation W01k in Ontm io is cordially. acknowledged.

MANITOBA AND, Easrery SasxarcHEWAN—J. W. Seannell, Distriet Inspeetor,
. ‘ Experimental Farm, Indian Head, Sask.

The Season was very unfavourable for potato growing, in bhe Plzume
Provinees. The cold backward spring weather was followed by ‘a summer of’
extreme drought. In many districts the potato crop received: less than one
inch of rainfall throughout the season, and in Manitoba the potato tops weré:
frozen down by the middle of August. Despite these unfavourable conditions,
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certified seed yiclded 75 to 100 per cent mere than uncertified seed..The yields
were. all Jow but.the, percentage .;whichs giaded Extra:No. 1; ce1t.1ﬁed\seed .was
higher than usyal. Generally speaking, the crop was uniform, .and smoothu: .
. Over 4,500 bushels of Manitoba grown certified seed were shipped dumng_
1929 and fl-.PDroximately 2,000- bushels- sold locally. In eastern Saskatchewian
approximately 250 bushels of certified ‘seed were sold locally.. Many carloads
of certified seed were shipped in from New Brunswick, Prince Edward Island,
- Ontario, and other outside districts: These importations were necessary because’
the demand was greater than could ke met by local growers. The price of certi-
fied seed was quite reasonable and more of this class of seed was planted on.
the Prairie Provinces than ever before. '

In addition to the regular inspection work a trial plot was planted at Indian
Head for the purpose of securing information on the disease content and the
yielding qualities of many of the different strains of potatoes offered for certi-.
fication. Over one hundred different lots were included in the test and much
valuable data was secured. The Experiment on common scab and rhizoctonia
of potatoes was continued under the direction of Dr. G. B. Sanford, Laboratory
of Plant Pathology, Edmonton, Alta. Two new seed disinfectants were given
a trial CAL-K and No. 664. Both materials appeared to reduce:  the amount
of common scab somewhat, compared. to, the-amount found-in the check plots. - -

© WESTERN SASKATCHEWAN AND Avsirma—J. W. Marritt, District. Inspector,
. Laboratory of Plant Pathology, Edmonton, "Alta.

It was a very dry growing season in the western Prairie Provinces in 1929,
and consequently ‘the potato’crop was very light. On summer-fallow, where
there was a reserve of moisture from the previous year, the crop was much
better. It was very evident that fields sown with certified seed were by far the
best. ’

The hot dry sveather undoubtedly -tended to mask the mosaic disease to-a -
considerable extent, and the drying winds made this condition even worse. Leaf
roll under these conditions showed up very plainly.

In. western Saskatchewan n1ost of the rejected fields were tulned down on.
account of black leg and mosaic. In Alberta most rejections were due to lack
of vigour, or to crop failure. .
© The dw condition of the soil, especially in Alberta, favoured- the develop-
ment of common scab and many of the larger lots had to be rejected for certi-
fication on that account. The combination of these unfavourablé factors resulted
in a scarcity of good seed in these districts and it was necessqu to 11np01t
several carlots to supply the requirements of the trade. :

Brimisrr Corumsra—I. 8. MacLeod, District Inspector, Laboratory of Plant
Pathology, ‘Saamchton, B.C.

There is a wide range of climatic conditions between different sections of
this province. While many sections are not. adapted to the production of seed
potatoes of good quality, being too hot, and too dry, other districts are well
suited to the production of high quality seed. Many purchasers of certified
seed request that their orders be filled from certain localitics, and frequently
by certain growers. TFrom observing the results obtained from seed from the
various districts, when planted in other localities, and by a close study of the
results obtained in the “ seed test plot,” much valuable information is secured
1eg‘ud1ng the quality of the seed that cach district produces.
© - Not quite ag many fields were entered for mspectlon as in the previous yea1
The low prices.received for potatoes last year was probably the chief reason
for this reduction. “The slight decrease in the number of fields entered, however;
was more than off-set by the increased interest shown in the work and in the
better quality of the crop. This improvement is due largely to the .better
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co—op(;ratio_n received from the growers, to the use of “seed plots” for main-
taining ““ quality ”’ founda’r,ion seed, and also to our standards being strictly’
enforced. ,

On account of the dry season, the potato crop was much lighter thzm usual.
This shortage was unfortunate as there was an exceptionally good market for
our potatoes in the Prairie Provinces, and prices were attractive.

The two most troublesome diseases of potatoes were Mosaic and Rhizoctonia,
but they were not as prevalent, nor as severe as in each of the previous years.
This decrease in Mosaic is duc largely, we believe, to the improvement of our
secd stocks. However, it is possible that, in some districts, this disease may have
been masked in the plants owing to the hot dry weather: The decrease in’
Rhizoctonia may be due, to some extent, to the soil being warmer and containing
less moisture, thus causing less growth of the discase organism. Spindle Tuber
and Giant Hill were evident in some fields.

An experimental plot, of wpploxlmately 13 -acres, located on Lulu Island,
was planted, with the object of securing all poss1b]e information- regarding free-
dom from diseascs, purity of variety, yielding qualities, ctc., of seed stocks for
certification.

The experiment, to determine the value of “ Whole versus “ Cut” seed
was continued. The results again appear to be all in favour of the seed planted
“Whole ”; under the conditions specified (figs. 56 and 57).. Practically every
year numerous complaints are heard of “ Cut’’ seed pieces rotting when planted
in the low lying wet soils, in this province, resulting in numerous “ misses ” in
the fields, and reduced yields.

The results obtained in the plot this year were as follows:—

Market~- | Unmarket-
Yield in ions per aere able able Total
Whole seed... . oo ivt ittt e e 8-34 1-92 10-26
CUL SCOU . oot et ottt e e ) 6:22 1:60 7:82

The difference of over 2 tons per acre of marketable potatoes appears to
indicate. .the advisability of planting whole seed-rather than cut seed in soils
that are rather cold -and wet. at timne-of planting.. Those- conditions are very-
typical of a very large portion -of the potato:growing area in this province. In
1928 this experiment indicated a wider difference in results. The ground was
then more moist and colder. _

Other activities of the staff included- the judging of potatoes at several seed
fairs, potato diseasc exhibits at the agricultural exhibitions, and special field
demonstrations for growers at the.potato-Experiment Plot.

Change in the General Regulations in 1930

- An imﬁoi‘tﬁﬁb change in the general regulations under the Destructive Insect
a;_id Pest, Act, P.C. 557; wentinto éffect on” Mareh 12,-1930, as follows:Z— - =~ - :

GENERAL REGULATIONS

By Order in Council (P.C. 557) passed on March 12, 1930, Section V of.
the General Regulations was-rescinded -and the- following -substituted therefor:—

V. An inspector shall have the. power to .inspect before .export to any foreign countly,
.or shipment within the Dominion, any plant, and to grant a certificate according to the
requirements of any country demandmg such, or for domestic purposes.

All certificates so -issued must bear a copy of the official seal of the plant' discase or
insect pest inspection service carried on under this Act.
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In the case.of potatees, no person shall be allowed t6 sell or offer, advertise, ‘expose or
hold .in possession for sale, any potatoes in any manner or form described or designated as
certified, - inspected, .registered, selected, disease-free, or otherwise indicmting their suitability
for beed or seed ‘purposes, ~unless such’ -potatoes have been inspected in the field and after
Liarvest by an-inspector under hé: Destiuctive Insect-and Pest Act and have been found
sufficiently -vigorous and-free from serious-diseases, to warrant them being classed into :either
of the-two fvollbwi‘ng:gmdes, viz: Cerbified Seed Potatoes Grade Extra No. 1, or Centified
Seed -Potatoes Grade Small Size (14-3 ounces only).

. Certified.seed. potatoes must be contained in sacks, barrels or other containers, to each
of which shall be-durably attached o certificate in the form of an authorized official tag,
issued by an mspectm, and. beaung the grower’s name or number.

Therc has been perSIStent demand for the certification of small potatoes,
and. the regulations now provide a grade for them. The small seed. planted
whole is expected to-become popular in those areas in which the seed piece rot
of cut.sets has caused heavy loss at crop.

The -small size seed conforms to-the-same standards as Grade Extra No. 1,
except.for size, also not more than three per cent by weight shall be .above or
below the size specified. This grade is suitable only for commercial table stock
producficin.

r

The Effects of Seed Treatment on Black-Leg

(J ohn Tucker)

The treatment of seed potatoes is now a routine practice followed by many
growers. It is intended principally as.a control measure in reducing the amounts
of common scab, rhizoctonia and blackleg diseases in the potato crop.

For the purpose of securing some information on the actual results in con-
trolling blackleg that are being obtained by growers with-their present methods
of seed treatments, as practised on the farms under commercial conditions, it
was decided to assemble all available data specifying the treatment used and
the percentages of blackleg disease -present (table 187). The growers supplied
the former information, and the field inspectors employed on seed potato certifi-
cation work, the latter.

There were 8,393 good reports used in compiling the following data, and
these reports cover representative potato growing areas in every provinge,

TapLE 137—SEeED TREATMENT AND Brack Lee INFrcrIoN, 1929

No treatment Bichloride Tormalin
Distriot Tobal | SRS | poremt | Botal | Soks | pavonst | Rotal | oi'helds | por sons
infected | infection |- infected -| Infection - | -infected - | infection
% % : %

2,244 862 0-93 2,357 630 0-70 78 32 1.0

) 154 33 0-52 5 0 0 186 27 0-35
B 582 370 0-56 2 1 0-50 30 16 0-75 -

1,147 555 T T e 434 177 0-97

25¢ 209 1.17 182 116 0-57 88 68 1:04

63 28 1-13 7 3 A & S P N

91 22 1.71 19 4 1-25 51 19 2:09

30 9 0-83 4 1 2-0 78 12 i-18

120 19 ‘244 126 13 1.27 56 3 0-56

4,680 T 2,170 0-93 2,702 768 0-72 1,001 354 0-99

Average Loss of Crop

4 690 growers did nobdreat....... ...t et et r e e 0-42 per cent
2,702 growers treated with Bichloride, . e 00200 ::
1 001 -growers-treated with Formalin.....oooiiiiiiiiiiiiiiiiiiiiiiiiiiinninen, 0-35
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Much the 'same resulta were obtalned in 1928 s the ’followi-ng figures
1nchcate — o , . . . o ’

1928 RDSULTS

" No, treatment....... 3,506 fields- Average infection......... v. 1.2 per cent Black Tieg
Bichlovide . ,858 ¢ . o cee s 0078 o ’
1“01ma,lm ............ 946 L “o . veveos 0494 “

3,006 growers did not treat. - © Average loss.... 0+57 per cent, of crop
2 858 growers treated with blﬂhlonde ;4 0-21 “ “

'046 g growers treated with formalin. “."":" PR S o e

Summary : : ‘ .
(1) Seed tleatments as at present apphed on farms, reduce but do not alto-
gether control Black Leg.
(2) Bichloride gives better results than form alin, 5

(3) The growing season-in 1928 was generally con51deied a we t season, and in’
1929 a dry season, The results for the two years are fairly un1f01m when-
this difference in seasons 13 taken into account,




