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ABSTRACT 

The 1973-1974 studies demonstrated that  amine  and es te r  
formulations of 2,4-D and 2,4,5-T were equally  effective  for road- 
side  alder  control. The minimum amount of effective chemical fo r  
summer fo l i a r  treatment was 1-2 lbs.  active  material  per  acre. Two 
t o  four weeks were required  for  the chlorophenoxy compounds t o  produce 
their   toxic  effects on alder. Leaf mortality was used for assessing 
alder   ki l l .  

Small quantit ies of  chlorophenoxy residues were found i n  
t h e   a i r   a t  a distance of 20 fee t  from the p o i n t  of application. 
A1 though 99 per  cent  of  the  residues i n  the f o r e s t   l i t t e r  disappeared 
w i t h i n  one week following  application,  residues i n  the treated  vegeta- 
t i o n  were detected  after  leaf  excision  for more than 50 weeks a f t e r  
treatment. There was indication t h a t  some  of these  residues were 
released t o  the  soil .  Only trace amounts  of chlorophenoxy residues 
were detected i n  the  ditch water 1-2 hours a f t e r  spray  application. 

A significant  reduction i n  population of non-target  terrestrial  
arthropods was observed i n  treated  plots of f o l i a r  treatment soon a f t e r  
spray  application. No decrease i n  number of birds  near  the  experimental 
plots was noted after  herbicide  application. 

Chlorophenoxy amines were less  toxic t o  fish than the 
ester  formulations. Large amine molecules appeared to be more t o x i c  

to  coho fingerlings t h a n  small  molecules. 



RESUM€ 
Les 6tudes mene'es en 1973-1974 on t  de'montre' que les  formules 

de 2,4-D e t  de 2,4,5-T qui   cont iennent  des amines, e t   c e l l e s   q u i   c o n t i e n n e n t  
des esters ,   de ' t ru isent  avec l a  m@me e f f i c a c i t 6   l e s  aunes qui  poussent l e  
long des routes.  Pour empecher l a   c r o i s s a n c e  de ces plantes  pendant 1 '&6, 
il a f a l l u   l e s   a r r o s e r  de ces produ i ts   ch imiques   ac t i f s  au taux  minimal 
d'une a deux (1-2) l i v r e s   l ' a c r e .  I1  a f a l l u   a t t e n d r e  de deux a quatre 
semaines avant que l e s  compos6s de chloroph6noxie  ne  produisent  leurs 
e f fe t s   t ox iques   su r   l es  aunes. On a jug6 que l e s  aunes 6 t a i e n t   d e t r u i t e s  
lorsque  leurs   feu i l les   moura ient .  

On a t rouv6 une f a i b l e   q u a n t i t e  de chloroph#noxie dans l ' a i r  a 
une d is tance de 20 pieds de l ' e n d r o i t  02 on l ' a v a i t  applique'.  Bien q u ' i l  
ne   res ta i t   p lus   qu 'un   pour -cent  des residus  chimiques dans l e s   d e t r i t u s  
de bo is  une semain  apres 1 ' a p p l i c a t i o n  des herbic ides,  on pouvai t   encore 
en t rouve r  des t races dans l es   p lan tes   t ra i t 6es ,   ap res   l ' exc i s ion  des 
feu i l les ,   au-dela de 50 semaines plus  tard.   Certains  indices  ont  perrnis 
de c r o i   r e  que ces r6s idus   se   son t   in t rodu i  t s  dans 1 e so l  . Une ou deux 
heures a p r h  1 ' a p p l i c a t i o n  des produits  chimiques, on a t rouv6 une q u a n t i   t 6  
i n f ime  de chlorophenoxie dans 1 'eau des foss6s. 

Peu apres 1 ' a p p l i c a t i o n  des herb ic ides,  on a remarque une  re'duc- 
t i o n  importante dans l a  quant i te '   d 'ar thropodes  ter rest res non  vise's  par 

1 ' a p p l i c a t i o n  des produits  chimiques dans l e s   e n d r o i t s   t r a i t e ' s .  Apr2s 
l ' a p p l i c a t i o n  des herb ic ides,  le nombre des  oiseaux n'a semble- t - i l  pas 
baisse' pres  des t e r r a i n s   q u i   o n t   f a i t  1 ' o b j e t  de ces  exp6riences. 

Les formules de chloroph6noxie  qui  contenaient  des  amines  ont  eu 
moins d 'e f fe ts   tox iques   sur   les   po issons  que ce l les   qu i   con tena ien t  des 
esters.  Les grandes  mole'cules  d'amine  ont semble' p lus  tox iques aux 
saumoneaux coho que l e s   p e t i t e s .  
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CONCLUSIONS 

The following  conclusions were drawn from the  results of three 
experiments, and may be applicable t o  similar  alder  control programmes: 

I. Amine  and ester  formulations of chlorophenoxy herbicides  are 
equally  effective  for  alder  control along  rights-of-way. However, 
the amine formulations  should be used i n  areas where fish- 
sensit ive water  bodies are  involved. 

11.  The  minimum effective amount of  chemical i s  1-2 lbs.  active  ingre- 
dient per acre of 2,4-D; 2,4,5-T or 2,4-D + 2,4,5-T formulations, 
i.e.,   equivalent t o  0.20-0.40 gal. (80 oz./gal. a . i . )  i n  16 gallons 
of water per acre;  delivery  rate of sprayer t o  be s e t  a t  
1/2 pinthinUte.  

The  amount o f  active  ingredient of cholorophenoxy compound re- 
quired t o  achieve  adequate  control depends t o  a large  extent 
on the age of the  alder.  Generally  alder between the  height 
of 3 t o  6 fee t  can be adequately  controlled by us ing  1.5 lb. 
a.i./A,  i.e.,  equivalent t o  0.30 gal. of (80 oz./gal.  active 
ingredient i n  17  gal. of water  per  acre) , whi le  those between 
the h e i g h t  of  6 to  12 feet  require  2.5  lb.  a.i./A.  i.e., 
equivalent t o  0.50 gal. o f  80 oz./gal.  active  ingredient i n  
16 gal.  water  per  acre. 

111.  Leaf mortality i n  alder is  a good indicator o f  t ree  mortal i ty.  

IV. Chlorophenoxy d r i f t s  from a  truck-mounted mist blower are 
minimal at   distances  greater than 20 fee t  under calm morning 
conditions. A buffer   s t r ip  of 25-30 fee t  should be adequate 
t o  prevent  the  contamination of water  bodies. 

V .  Chlorophenoxy residues  persist i n  the  soil and a lde r   l i t t e r   fo r  
more than  1 year;  the amount  of residues i n  the l i t t e r  is  twice 
that  found i n  the  soil .  
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More studies should be conducted t o  investigate  the environmental 
impact  of  chlorophenoxy compounds from excised  alder  leaves and 
the i r  subsequent release t o  the soi l  because substantial  quantities 
of both 2,4-D and 2,4,5-T are found i n  the  substrate of forest  
f loor one year  following  herbicide  treatment. 

Only trace amounts of chlorophenoxy residues  appear i n  the water 
of ditches 1-2 hours after  spray  application. 

VI.  Amines  of 2,4-D and 2,4-0 + 2,4,5-T are approximately  1/5  as 
toxic t o  coho fingerlings t h a n  their  ester  counterparts. However, 
large, long C-chained chlorophenoxy amines are 10-15  times more 
toxic t o  coho fingerlings t h a n  small, short C-chained amines. 
The toxicity t o  f ish and f ish food organisms o f  different formu- 
lation of chlorophenoxy chemicals, particularly in relation t o  
short and long C-chained molecules of  amine and es te r  compounds, 
should be further  investigated. 

VII. Chlorophenoxy sprays,  irrespective of doses or formulations , 
reduce  approximately 50 per cent of the  non-target  terrestrial 
arthropod  population i n  the  spray  plots  shortly  after  treatment. 

VIII. Late summer fo l i a r  treatment of roadside  alder  (i.e.,  end of 
August) is  generally  preferred i n  order t o  prevent  the  disruption 
of the breeding habitat of birds and wildlife d u r i n g  early summer. 
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1. INTRODUCTION 

The use o f  chlorophenoxy  herbicides f o r  brush  cont ro l  has been 

the   sub jec t  o f  much recent  d iscussion. The main  concern i s   t h e i r   p o s s i b l e  
de le te r i ous   i n te rac t i ons   w i th   l i f e   p rocesses .   Seve ra l   repo r t s  have  been 
publ ished on t h e   t e r a t o l o g i c a l   p o t e n t i a l   o f  some o f  these  mater ia ls.  As 
a resu l t ,   there   a re   inc reas ing   concerns   over   the i r   poss ib le   e f fec ts   on  
non-target  aquat ic and t e r r e s t r i a l  organisms, i n c l u d i n g  man. 

I n   B r i t i s h  Columbia,  chlorophenoxy  herbicides  are  employed t o  

con t ro l   undes i rab le   vege ta t i on   i n   ag r i cu l tu re ,   f o res t r y ,   manu fac tu r ing   i n -  
d u s t r i e s  and along  r ights-of-way. No decrease i n   t h e i r  use i n   t h e   f o r e -  
seeable  fu ture i s  env is ioned  un less  there i s  a dramatic  development  of  alter- 

n a t i v e  and cheaper  methods, o r   de t r imen ta l   e f fec ts  on non-target  organisms 
are  demonstrated and f u r t h e r   r e s t r i c t i o n s  imposed. 

I n  1973 the  Envi ronmenta l   Protect ion  Serv ice  wi th   the  cooperat ion 
o f   B r i t i s h  Columbia Fo res t   P roduc ts   L im i ted   i n i t i a ted  a two-year  study  to 
mon i to r   the   env i ronmenta l   impacts   assoc ia ted   w i th   the   app l i ca t ion   o f  
2,4-D and 2,4,5-T to   f o res t   l ands   a long   r i gh ts -o f -way .  The p r i n c i p l e  
o b j e c t i v e  o f  the  s tudy was t o   o b t a i n   f i e l d   d a t a   r e l a t i n g   t o   ( 1 )   t h e  
ef fect iveness  o f   ch lorophenoxy  formulat ions  a t  minimum r a t e s   o f   a p p l i c a t i o n  
d u r i n g   d i f f e r e n t  seasons o f   t h e   y e a r ,  ( 2 )  d r i f t  problems,  (3)  residues 
and t h e i r   p e r s i s t e n c e   i n   t h e   e n v i r o n m e n t ,  and (4)  impacts on non- target  
organisms  such as b i r d s  , f i s h ,   t e r r e s t r i a l   a r t h r o p o d s ,  and w i l d 1   i f e .  The 
parameters l i s t e d  above are  impor tant   cons iderat ions  for   the  development  
o f  sound guide l ines.  The m o n i t o r i n g   r e s u l t s   o f   t h r e e   f i e l d   a p p l i c a t i o n s  

of   selected  chlorophenoxy compounds are  presented and  discussed i n   t h i s  
report .  

2. REVIEW OF ENVIRONMENTAL  IMPACTS OF CHLOROPHENOXY HERBICIDES 

Chl orophenoxy compounds were first discovered  by Zimmerman 
and Hitchcock i n  1942 and t h e i r  subsequent  use as herb ic ides i n  1944 
began the modern era   o f   se lec t i ve   chemica l  weed con t ro l .  They are hormone- 
type  chemicals,  which  must  be  absorbedand  translocated i n   p l a n t   t i s s u e  
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t o  be e f f e c t i v e .  They are   se lec t i ve   mater ia ls  employed f o r   t h e   c o n t r o l   o f  

woody broadleaved weeds, especially  perennials.  Chlorophenoxy  chemicals 
d i sp lay  optimum  dosage  responses;  below t h i s  optimum  dosage  provides  too 
l i t t l e   t o x i c a n t   t o  be  e f fect ive,   too much prov ides   excess ive   con tac t   in ju ry  
t o   t h e   f o l i a g e ,   r e s u l t i n g   i n   l i t t l e   t r a n s l o c a t i o n   ( A s h t o n  and Crafts , 1973). 

L i t t l e  work has been c a r r i e d   o u t   t o   i n v e s t i g a t e   t h e   s i g n i f i c a n c e  
o f  impacts on the  environment o f  d i f f e ren t   f o rmu la t i ons   o f   ch lo rophenoxy  
compounds used i n   b r u s h   c o n t r o l .  The concern i s   t h e   d i r e c t  and i n d i r e c t  
con tamina t ion   v ia   d r i f t  and  adverse e f f e c t s  on non-target  organisms. The 

t o x i c i t y   t o   f i s h  depends on the   fo rmula t ion   o f   the   herb ic ide .   Genera l l y  
ester   formulat ions  are  about  30-40  times more t o x i c   t o   f i s h  and some 
aquat ic   inver tebrates  than amine formulation,  (Pimentel,   1971). When 
p roper l y  used, ch l  orophenoxy  chemicals  are  reported t o  be r e l a t i v e l y  non- 
t o x i c   t o   b i r d s  and mammals  (Rowe and Humas, 1954;  Johnson, 1971.; Laaing Jr., 
1973). 

Residues o f  chlorophenoxy compounds i n   t h e   e n v i r o n m e n t   r e s u l t i n g  
f r o m   d i f f e r e n t  methods o f   a p p l i c a t i o n  i s  another  area o f  concern. The 
amount o f  residues i n  t h e   a i r ,   s o i l  and water depends t o  a l a r g e   e x t e n t  
on the  chemical  formulation, method and t i m i n g   o f   a p p l i c a t i o n ,  and on 
physica l  and env i ronmenta l   fac to rs   (Nor r is   e t   a l ,  1972).  Recent s tud ies  
d e m o n s t r a t e d   t h a t   t h e   d r i f t   p o t e n t i a l   f r o m   e s t e r   f o r m u l a t i o n s   o f   c h l o r o -  

phenoxy was about  3-10  times  greater  than  from amine formulat ion  under  
s i m i l a r   c o n d i t i o n s  o f  t e s t  (Grover e t  a l ,  1972). Residues of 2,4-D and 
2,4,5-T from an a e r i a l   a p p l i c a t i o n   o f  50/50 i so -oc ty l   es te r   m ix tu re   were  
detected  a t   d is tances  greater   than 500 f e e t   o u t s i d e   s p r a y   p l o t s   w i t h   t h e  
greatest  amounts o c c u r r i n g   w i t h i n  180 f e e t   o f   t h e   p l o t   ( W i l s o n  and Wan, 
1975, manuscript i n   p r e p a r a t i o n ) .  

All ava i l ab le   i n fo rma t ion   i nd i ca tes   t ha t  some chlorophenoxy 
herb ic ides may enter   s t reams  f lowing  through  or   ad jacent   to   areas  be ing 
sprayed. The leve l   de tec ted   i n   t he   s t reams ,  however, was very  low. In  

6 yea rs   o f   mon i to r i ng   sp ray   ope ra t i ons   i n  Western Oregon, s c i e n t i s t s  have 
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never  found  chlorophenoxy  res 
- e t  a, 1970, and Norr is ,  1971 

idues  exceeding 0.1 ppm i n  streams  (Norr is 

1. 
Chlorophenoxy compounds have been r e p o r t e d   t o   d e g r a d e   r a p i d l y   i n  

water  (Pimentel, 1971 ). L i t t l e   o r  no  work has been conducted t o  compare 
the   ra te   o f   deg rada t ion   i n   wa te r  o f  amine and es te r   f o rmu la t i on   o f   t hese  
chemicals.  Simple amines are much more s o l u b l e   i n   w a t e r   t h a n   l o n g  C- 

chained  amines or   es te rs .  They would  probably  disappear more r a p i d l y   i n  
water because o f   g r e a t e r   s o l u b i l i t y   t h a n   l o n g  C-chained  amines o r   e s t e r  
compounds under f i e l d   c o n d i t i o n s .  

The f o r e s t   f l o o r   i s  a   major   rec ip ient   o f   herb ic ides,   whether  
app l ied   f rom  a i rc ra f t   o r   by   g round  spray  systems.  Rapid  degradation o f  

chlorophenoxy compounds by  micro-organisms i n   s o i l  has  been shown i n  
several   studies  (Norr is,  1967, 1970, 1971). General ly  these  studies 
demonstrated t h a t  85-90% o f  2,4-D would  be  degraded i n  about  two weeks, 
b u t  2,4,5-T i s  more p e r s i s t e n t .   I n  one study, 2,4,5-T has been shown t o  
p e r s i s t   i n   m o i s t   s o i l   f o r  more than  6 months (DeRose and Newman, 1948). 

Chlorophenoxy  chemicals may be used i n   t h e  management o f  w i l d l i f e  
hab i ta t   fo r   p run ing   o f f   undes i rab le   p lan t   spec ies   (Gyse l ,  1967; Barrows, 
1969; Bramble and Byrnes, 1972; Laning  Jr. , 1973). 

3. MATERIALS AND METHODS 

3.1 Experimental  Location 

The study  area was l o c a t e d   i n   t h e   s o u t h w e s t   c o r n e r   o f  Vancouver 
Is land  near  Caycuse, B r i t i s h  Columbia. The exper imenta l   p lo ts   were  located 
a t   M i l e  5 and 27 from Caycuse on  Nixon Creek  and N i t i n a t   R i v e r ,   r e s p e c t i v e l y  
(F igure   1 ) .  

3.2 Experimental  Layout and App l i ca t i on  Method 

Three  seasonal  sprays  were  conducted and the i r   respec t i ve   da tes  
are as fo l l ows :  
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(1) A l a t e  summer spray - August, 1973; 
(2) A dormant  spray - A p r i l  , 1974;  and 
(3) An e a r l y  summer spray - June, 1974. 

Figures 2 and 3 i 11 u s t r a t e   t h e   p l o t  1 ayout o f  t h e  3 experiments. 

All experiments  were  randomized.  Experiment (1) had 4 treatments,  each a t  
5 concentrat ions,  i .e.,  a t  0, 0.5, 1.0, 2.0, and 4.0 l bs .   ac t i ve   i ng re -  
dient  per  acre.  Experiments  (2) and ( 3 )   c a r r i e d  6 t reatments each, both 

a l s o   a t  5 concent ra t ions   inc lud ing  one con t ro l .  All experiments were 
rep l icated  twice.   P lo ts  No. 1-40  designated  Experiment  (1); 
No. 41-100, Experiment (2); and No. 101-160, Experiment No. (3).  

A s i n g l e   a p p l i c a t i o n  was  made i n  each  experiment. The he rb i c ide  

was appl ied  f rom a truck-mounted  mist  blower  (modified  Fontan, Type R5A), 
using  water as a d i l uen t   (F igu re   4 ) .  

3.3 Chlorophenoxy  Herbicide  Formul  ations 

The fo l low ing   fo rmula t ions  were employed f o r   t h e  3 experiments: 

Experiment  (1 ) 

1. 2,4-D amine (Estemine 2,4-D = 80 oz. 2,4-D a c i d   p e r  Imp. Gal. 
formulated as a mixed  dimethylamineldiethanolamine  sal t ) ;  

2. 2,4-D es te r  (2,4-D Ester 80 = Weed K i l l e r  = 80 oz. 2,4-D 
i s o - o c t y l   e s t e r   p e r  Imp. gal.); 

3. (2,4-D + 2,4,5-T) amine (Estemine  Brush K i l l e r  = 40 oz. 
2,4-D ac id  + 40 oz .  2,4,5-T acid per Imp. gal.  formulated 

as a mixed  monoethanolamine,  diethanolamine,  dimethylamine, 
and d ie thy lam ine   sa l t ) ;  

4. (2,4-0 + 2,4,5-T) e s t e r  (Guardsman Brush K i l l e r  = 32 oz. 
2,4-D i s o - o c t y l   e s t e r  and 32 oz. 2,4,5-T i s o - o c t y l   e s t e r  

mixed  per Imp. gal .  ). 

Experiments  (2)  and  (3) 

1. 2,4-D amine (Dacamine 4D = 76.8 oz. N-Oleyl-1,  3-propylene 

diamine s a l t  o f  2,4-D ac id   pe r  Imp. gal . ) ;  
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IO - A '0 

EO 
20 - E14 
21 - E 4  

22 - A'3 
23 - A '4 

24  - A4 
2 5  - A 3  

2 6  - 
27 - 

19 - 

E 3  

EO 
28 - E> 
29 - A '0 
30 - E'I 
31 - 
32 - E I3 

A' I  
33 - EZ* 
34 - E '4 

35 - E l  
36 - A 0  
37 - E '0 
38  - A 2  
39 - A I 
40 - A'2 * 

S c a l a :  I "  = 50- 100 Feel 

L E G E N D  

A = 2,4- D Amino 
E = 2 , 4 - D  E s t e r  
A':  ( 2 , 4 - D f 2 , 4 , 5 - T ) A r n i n o  
E'= ( 2 , 4 - D f 2 , 4 , 5 - T ) E s t e r  

0 - C o n t r o l  
I - 0.5 Ib. A c t i v o   l n g r e d i o n t / A c r e  
2 - 1.0 Ib. A c t i v e   l n g r c d t c n l / A c r c  
3 - 2.0 Ib. A c f i v s  I n g r c d i c n t / A c r s  
4 - 4.0 Ib. A c t i v e  I r t g r a d i c n t / A c r e  
% L o c u t i o n  of  P d t r i   D i s h e s  

L I  3 

- I  I 
* 10 

8 

.7 

.6 

.5 

-4 
.3 
-2 
-I  

FIGURE 2 .  PLOT LAYOUT OF ESPERI>!ENT NO. 1 (NIXON CREEK) 



EXPERIk!ENT 1 1 0 .  2 

PLOT NO. TIIE.\TI.'EtIT 
___ 

- "" 
41 - El  REPLICATE 
42 - E ' ~ *  

43 - E'4 
4 4  - E ' 0  

4 5   - E 2 *  
4 6 - E 3  
4 7 -   A 4  
48 - T o  
4 9  - T'l  
5 0  -- Alp* 
51 - A 0  
5 2  - T I  
53  - TI3 
5 4  - 
55 - E 4  
56 - A 3  

All 

57 - T'2 I- 
58 - T'o 
59-  1 4  
60- A'3 
61 - T '4 

62- E ' 2 E  
63 - E'I 
6 4 -   T 2 #  
65 - 1 2 %  
66- 1 3  
67 - E'3 
6a - A I  
69- E o  
70- A'4 
71 - € 2  
7 2  - T o  
73-  T ' l  
74 - E'e  
75-  A 2  
76-El 
77 - A '0 
70 - A'z 
79 - T4 
80- A 0  
81 - T'2 

82 - A 3  
83  - A'I 

8 4  __ E 3  
85 - 
86- € 4  
87- T 2  

T'3 

08  - E'0 
89 - Ell 
90 - T'o 
S I -  A I  
92- T'4 
93- E 4  
9 4 -   n 4  
95- E's 
96-  A'3 
9 7 -  T I  
98- T3 
99- E o  
IO0 - A h  

REPLICATE 
No. 2 - 

L E G E N D  

" "" __ "" FXPERILtENT No. 3 

I 3 9  - T'O 
140 __ E? 

141 - A4 
142 - E o  
I 4 3  - E 3  
144- €'I 
145 - A 0  

146 - T 4  
I 4 7  - A3 
148 - T3 
149-A2 
160 - TI3 
151 - E'2 

I! 
I 5 2  - 
153 -T 2 
I 5 4  - T'I 
155 - E l  
156 - T b  
157 - A'2 
158 - E ' 0  
159 - T 2 

I G O -  T O  
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2.  2,4-D e s t e r  (as i n  2 o f  Experiment (1));  
3. (2,4-D t 2,4,5-T) amine  (Dacamine 2D/2T - 76.8 02. o f  50/50 

mixture  of   N-Oleyl-1,   3-propylene  diamine  sal t  of 2,4-D and 
2,4,5-T per Imp. ga l . ) ;  

4. (2,4-D t 2,4,5-T) es te r  (as i n  4 o f  Experiment  (1));  
5. 2,4,5-T amine (Dacamine 4T = 76.8 02. of N-Oleyl- l -3-  

propylenediamine s a l t   o f  2,4,5-T o f   a c i d   p e r  Imp. gal .  ); 
6. 2,4,5-T e s t e r  (130.7 02. o f  2,4,5-T i so -oc ty l   es te r   pe r  

Imp. ga l .  ). 

V i s u a l   g r a d i n g   o f   l e a f   m o r t a l i t y  was used t o  assess the  reponse 
o f   a lde r   t o   t he   d i f f e ren t   f o rmu la t i ons   o f   ch lo rophenoxy   he rb i c ides .  
(0 = no l e a f   m o r t a l i t y ,  9 = comp le te   des t ruc t i on   o f   en t i re   p lo t . )  

3.4 Residue  Sampling 

3.4.1 Drift Residues.  Pyrex pet r i   d ishes  (150  x  20 mm) were  used f o r  

m o n i t o r i n g   d r i f t   o f   d i f f e r e n t   f o r m u l a t i o n s   o f  2,4-D and 2,4,5-T. All 
dishes were r i n s e d   w i t h   r e d i s t i l l e d   a c e t o n e  and petroleum  ether, and 

heated t o  300°C f o r  about 16 hours  before use. They were l a i d   o u t  on 
pedesta ls   a t   pre-determined  d is tances  o f  0 '  , 5 '  , 10'  etc.,  from each 
plot   before  spraying. The dishes i n  Experiment No. 1 were c o l l e c t e d  
3   hours   a f te r   spray   app l i ca t ion ,   wh i le   those  in   Exper iment  No. 2 and 3 
were c o l l e c t e d  0.25 hours  af ter   spraying. All samples  were  immediately 
s t o r e d   i n   d r y   i c e  and submitted t o   t h e   I n l a n d  Water D i rec to ra te ,  Water 
Qua l i t y   Labora tory  and B r i t i s h  Columbia  Department o f  A g r i c u l t u r e  
Pest ic ide  Residue  Laboratory  for   the  analysis o f  chlorophenoxy  residues. 
The es te rs  were e x t r a c t e d   w i t h   r e d i s t i l   l e d  benzene,  and the  amines w i t h  
r e d i s t i l l e d  benzene p l u s  10% su lphur ic   ac id .  The clean-up  extracts  were 
i n j e c t e d   t o   a  gas l i q u i d  chromatograph  (Model  Micro-TEK  220). 

P lo ts   t rea ted   w i th   1   lb . /Acre   ac t i ve   ingred ien t   (Exper iment  No. 1 
and 2)  and 2 lbs. /Acre  act ive  ingredient   (Exper iment  No. 3 )  were  monitored 
t o  observe d r i f t   v a r i a t i o n s  of d i f f e ren t   concen t ra t i ons .  

3.4.2 S o i l / L i t t e r  Residues. Combined s o i l  and a l d e r   l i t t e r  samples 
were obtained a t  each  sampling  t ime  from a 1 '  x 1 '  s u b p l o t   i n   t h e   p l o t s  

t rea ted   a t   4   l bs .   pe r   ac re .  All the  vegeta t ive   t rash  was first c o l l e c t e d  

and the   t op  2.5 inches  o f   so i l  was then  sampled  by  using  a  1.25  inch 
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diameter  auger.  Three  cores o f   s o i l  were  taken a t  each  sampling  time, 
us ing  separate  augers  for   sampl ing  d i f ferent  ehlorophenoxyformulations. 
All samples c o l l e c t e d  were  immediately  stored i n   d r y   i c e   p r i o r  t o  

residue  analyses. 

3.4.3 Water  Residues.  Water samples were  taken a t  4 l o c a t i o n s   i n  
streams  adjacent t o   t r e a t m e n t   p l o t s  as i l l u s t r a t e d   i n   F i g u r e s  5 and 6. 
Samples were c o l l e c t e d   i n  16 f l u i d  02. amber b o t t l e s   a t   d i f f e r e n t   t i m e -  
i n t e r v a l s  and qu ick   f rozen   t o  -2OOF. w i t h   d r y   i c e .  All b o t t l e s  were 
r i n s e d   w i t h   r e d i s t i l l e d  acetone and petroleum  ether and heated t o  300°C. 
f o r  12 h o u r s   p r i o r   t o  use. 

3.5 B i o l o g i c a l  Sampl i n p  * 

Arthropod samples f rom  contro l  and t r e a t e d   p l o t s  were c o l l e c t e d  
by n e t  sweeping. T h i r t y   n e t  sweeps p e r   p l o t  were made du r ing  each 

sampling  time.  Pre-spray  samples were c o l l e c t e d  one week before  spray 
a p p l i c a t i o n  and post-spray  samples  between  20 and  30 hours   a f te r   he rb i c ide  
treatment. All samples c o l l e c t e d  were  preserved i n  50 per   cent   a lcohol  
and s t o r e d   i n   l a b e l l e d   b o t t l e s .   S o r t i n g ,   i d e n t i f i c a t i o n ,  and  enumeration 
was conducted a t   t h e  Environment Canada Fresh  Water  Biology  Laboratory i n  
North Vancouver, B. C. 

The numbers o f  b i rds  (grouse, hawks, j ays  , rob ins  , sparrows) and 
w i l d l i f e  (bears,  deer,  squirrels)  observed  before and a f t e r   s p r a y   i n   t h e  
three  experiments  were  recorded.  Counts  were  based on v i s u a l  and audio 
observations. 

3.6 F ish   Tox ic i ty   Tes ts  

F i s h   t o x i c i t y   t e s t s  (96 hour LC50) of  each fo rmu la t i on  o f  
2,4-D and 2,4,5-T were  conducted a t   t h e  Environment Canada Laboratory 
(Cypress  Creek), West Vancouver, B.C. Ten coho salmon(0ncorhyncus  kisutch) 
f i n g e r l i n g s  (av.  length, 3.8 cm.; av. weight, 0.5 gm.) were  used as t e s t  
species.  Capilano  Reservoir  tap  water (pH = 6.3-7.0; hardness 7.5 ppm  CaC03; 
temperature 7.52 1'C.)  was u s e d f o r d i l u t i o n .  All bioassays  were  performed 
under   s ta t ic ,   aerated  condi t ions  wi thout   rep lacement   a t  a l oad ing   dens i t y  

o f  0.50 gm/ l i t r e .  
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5 0  F e e t  

FIGURE 5 DIAGRAMMATIC SKETCH OF WATER STATIONS 
W I AND W 2  (See  Figure 2 for  meaning of 
PI o t  Numbers) 
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FIGURE 6 DIAGRAMMATIC  SKETCH OF WATER STATIONS 
W 3  AND W 4  ( S e e  Figure 2 for  meaning of 
P l o t  Numbers) 
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3.7 Sample  and  Data Analyses 

The following  analyses  or  variance were used to  determine the 
responses  of alder  (visual  grading of leaf  mortality or stunt)  w i t h  time 
to  the  various chlorophenoxy herbicide  treatments: 

1. 3-way anova, mean of 2 replications,  5 x 4  x 4 factor ia l  
design - Experiment No. 1; 

2. 3-way anova, mean of 2 replications,  3  x  4  x 6 fac tor ia l  
design - Experiment No. 2 ;  

3. 3-way anova, mean of 2 replications, 4 x 4  x 6 factor ia l  
design - Experiment No. 3. 

A Hewlett-Packard computer was used to  perform the  calculations. 
A 3-way anova (2  x 6 x 5)  factor ia l  design was  a1 so made t o  compare the 
differences of means of  non-target  arthropod numbers collected  before and 
after  herbicide  treatment i n  control and treated  plots. 

4. RESULTS 

4.1 Effectiveness  of Various Chlorophenoxy Formulations 

Results  of s ta t is t ical   analyses  of variance of  Experiment Number 
(1) ,  ( Z ) ,  and (3)  are  presented i n  Appendices I ,  11, and 111. Test con- 
di  tions of the 3 experiments a re  1 is ted i n  Appendix IV. 

4.1.1 Alder  Control  of  Late Summer Spray_. The  3-way anova t e s t  
(Appendix I )  indicated  that: 

i .  

i i .  

i i i .  

Concentrations  of chlorophenoxy herbicides,  formulation  type, 
and the time interval  post-application had great  influence 
( P = O . O l )  on the mortality of the alder. 

No significant  difference (P=O.Ol) was demonstrated i n  the 
effectiveness  of amine versus ester  formulations of  chloro- 
phenoxy  compounds as  alder  control  agents. 

Good control ( P = O . O l )  was achieved 4  weeks after  treatment 
w i t h  a l l  chlorophenoxy formulations a t  1-2 l b s .  active 
material  per  acre  (a.i./A.), Control a t  th i s   ra te   pers i s ted  
f o r   a t   l e a s t  52 weeks. 
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i v .  2,4-D + 2,4,5-T amines  and es te rs  were more e f f e c t i v e  

(P=O.lO) as a lder   con t ro l   agents   than  s t ra igh t  2,4-D amines 
o r   e s t e r   f o r m u l a t i o n s   a t  4 weeks post  treatment. 2,4-D t 

2,4,5-T esters   were  the  most   e f fect ive (P=O.lO) a l d e r  

c o n t r o l   a g e n t s   f o r   a t   l e a s t  52 weeks. 

4.1.2 A lde r   Con t ro l   o f  Dormant Spray. The 3-way anova t e s t  (Appendix 11) 

ind i ca ted   t ha t :  

i .  Concentrations o f  chlorophenoxy  herbic ides,   formulat ion 
type ,   and  the   t ime  in te rva l   pos t   app l i ca t ion   had  s ign i f i -  

can t   in f luence (P=O.Ol) on the  degree o f   l e a f   s t u n t   i n  
alder.  

ii. Dif ferences (P=0.05) were  demonstrated i n   t h e  degree of  s t u n t  
caused  by amine and ester  formulat ions  of   chlorophenoxy 
compounds. 

iii. The g rea tes t   deg ree   o f   l ea f   s tun t  was noted i n   p l o t s   t r e a t e d  

w i t h  4 lbs.  a.i./A.  and  occurred  between  2-4 weeks p o s t  
treatment. 

i v .  Both  the amines and e s t e r s   o f  2,4-D t 2,4,5-T mixtures  caused 
s i g n i f i c a n t l y   g r e a t e r  (P=0.05) l e a f   s t u n t   t h a n   s t r a i g h t  
amines o r   e s t e r s   o f  2,4-D and 2,4,5,-T. 

Dormant sprays  wi th  amine  and es ter   fo rmula t ions  o f  chlorophenoxy 

compounds i n   w a t e r  were n o t   e f f e c t i v e   f o r   a l d e r   c o n t r o l  because  complete 
tree recovery was noted 12-15 weeks post  t reatment.  

4.1.3 Alder  Control  o f  E a r l y   S u n e r  Spray. The  3-way anova t e s t  

(Appendix 111) i n d i c a t e d   t h a t :  
i. Concentrations o f  chlorophenoxy  herbic ides,   formulat ion  type, 

and t h e   t i m e   i n t e r v a l   p o s t   a p p l i c a t i o n  had s i g n i f i c a n t  
(P=O.Ol) i n f l uence  on t h e   m o r t a l i t y   o f   a l d e r .  

ii. No s i g n i f i c a n t   d i f f e r e n c e  (P=O.Ol) i n   m o r t a l i t y   o f   a l d e r  was 

observed  between t h e  use o f   s t r a i g h t  amine and es ter   fo rmula-  
t i o n s   o f  2,4-Dy 2,4,5-T, and 2,4-D + 2,4,5-T mixtures two 
weeks a f te r   herb ic ide   t rea tment .  

iii. P l o t s   t r e a t e d   w i t h  4 l bs .   a . i . /A .   d id   no t   p roduce   s ign i f i -  

c a n t l y   g r e a t e r  (P=O.Ol) k i l l  of a lder   than  p lo ts   sprayed  w i th  

2 lbs.  a.i./A. However, alder  sprayed a t  2 lbs.  a.i./A.  had 
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s i g n i f i c a n t l y   g r e a t e r  (P=O.Ol) m o r t a l i t y   t h a n   a l d e r   t r e a t e d  
a t  1 l b .  a.i./A. two weeks a f te r   chemica l   app l i ca t ion .  

C o n t r o l   p e r s i s t e d   f o r  more than s i x  months. 

4.2 Chl orophenoxy  Residues 

4.2.1 Drift Residues.  Tables 1, 2 and 3 present   the   resu l ts   o f  
analyses o f  chlorophenoxy  residues  col lected on p e t r i   d i s h  samples. I n  
the  three  experiments, no subs tan t i a l  amounts o f   d r i f t   r e s i d u e  were  found i n  
t h e   a i r   a t   d i s t a n c e s   g r e a t e r   t h a n  20 f e e t   f r o m   t h e   p o i n t   o f   a p p l i c a t i o n .  

4.2.2 Residues i n   S o i l / L i t t e r .  Tables 4, 5 and 6 presen t   t he   resu l t s  

o f  analyses o f  chlorophenoxy  residues  f rom  forest  1 i t t e r  and soil  samples. 
Resul ts  obtained  were  var iable and showed inconsis tent   t rends.   Genera l ly  
h i g h   l e v e l s   o f  2,4-D and 2,4,5-T were found i n   t h e   s o i l / f o r e s t   l i t t e r  
2-3 hours   pos t   herb ic ide   app l i ca t ion .   In   Exper iment  No. 1 (Table  4), 
minimal amounts o f   r e s i d u e  were  detected  a f ter  one week. However, sub- 
s t a n t i a l  amounts o f  2,4-D and 2,4,5-T residues  were  detected i n  samples 
o f  s o i l / f o r e s t   l i t t e r   c o l l e c t e d  one year   pos t   app l i ca t ion .   In   Exper iment  
No. 2 (Table 5), l a r g e  amounts o f  chlorophenoxy  residues  were  found i n  the 
f o r e s t   s o i l  samples  24  hours a f te r   t rea tment ,  b u t  on ly   smal l   quant i t ies  
were  detected 1 week later..   Results  from  Experiment No. 3 (Table 6) 
i nd i ca ted   subs tan t i a l  amounts o f  chlorophenoxy  residues i n   t h e   s o i l / f o r e s t  
l i t t e r   d u r i n g   t h e   f i r s t  2-3  hours a f te r   app l i ca t i on .   Sma l l  amounts o f   t h e  

herb ic ides were monitored  three months post  t reatment.  

4.2.3. Water  Residues. No detectable amounts o f  2,4-D and 2,4,5-T 
were  found a t  Water S ta t i ons  W1 and W2 from  the  dormant  spray.  Small 
b u t   d e t e c t a b l e   q u a n t i t i e s  o f  chlorophenoxy compounds were found  dur ing 
t h e  summer a p p l i c a t i o n   a t  Water S ta t i ons  W3 and W4. The h i g h e s t  con- 
cent ra t ion   ob ta ined was 2 ppb f o r  2,4-D and 1 ppb f o r  2,4,5-Ty  two hours 
a f te r   herb ic ide   t rea tment .  
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TABLE 1 CHLOROPHENOXY DRIFT RESIDUES 
(LATE SUMMER SPRAY - AUGUST, 1973) 

~~ ~~ ~~ ~~ ~ 

Amount o f  r e s i d u e s   i n   a i r  (gm/M ) 2 

a t   v a r i o u s   d i s t a n c e s   f r o m   p l o t s  
Herbic ide  (1  lb.   a. i . /A.)  

0 '  10' 20 I 40' 80 ' 

Control  <0.06 ~ 0 . 0 6   ~ 0 . 0 6  N.D. N.D. 

2,4- D ami ne 
(Dimethylamine  and 
Diethanolamine  sa l t )  

2,4-D e s t e r  

( Iso-Octy l   es te r )  

(2,4-D + 2,4,5-T)  amine 
(monoethanolamine, 
diathanolamine, 
dimethyl ami ne, 
d i e t h y l  amine s a l t )  

51.15  6.39  <0.06 ~ 0 . 0 6  <0.06 

2.18  <0.06 ~ 0 . 0 6  <0.06 <0.06 

71.86 3.76 0.21 ~ 0 . 0 6  <0.06 

(2,4-D + 2,4,5-T) e s t e r  5.49  0.09 ~ 0 . 0 6  <0.06 <0.06 
( I  so-Oc t y l  es te r )  

M.D. - Not   detected 

L i m i t  o f  Detec t ion  = 0.06 gm/M 2 



TABLE 2 CHLOROPHfNOXV DRIFT R E S l O l l t S  
( W R W l  SPWY - APHIL. 1Y74) 

i .  

Herbicide 
Amount of residues in a i r  lgm/U2) 
at various distances from plots 

5' 10' 20 ' 40' 

I 1  lb a.i./A) 

Control N.D.  N.D.  N.D.  N.D. 

2.4-D amine 61.33  23.31  '0.01  N.D. 

diamine  salt) 
(N-Oleyl-1.3-propylene- 

2.44 ester 14.26  10.75  N.D.  N.D. 
(130-octyl ester) 

2,4,5-T amine 0.47 <O.O1 '0.01  N.D. 

diamine  salt) 
IN-Oleyl-1.3-propylene- 

2.4.5-T ester 16.69  1.48 0.02 '0.01 
(Im-octyl ester) 

(2,4-D + 2.1.5-TI mine 2.00  N.D.  N.D.  N.D. 
(N-Oleyl-1.3-propylene- 
diamine  salt) -. Total 

-. 

CO.01 N.D.  N.D.  N.D. 
(1s-octyl ester) - Total 

TAEiLE 3. CHLOROPHENOXY DRIFT RESIDUES 
(EARLY S W R  SPRAY - JUNE, 1974) 

Ilcrbicldc 

m u n t  of residues  in air  (gm/d) 
at various distances from  plots 

( 2  lb  a.i./A) 

5 '  10' 20' 40' 

Control N.D.  N.D.  N.D.  N.D. 
. .  

2,4-D amine 3.28  1.13 C O . 0 1  N.D. 

(N-Oleyl-l,3-propylene 
diamine  salt) 

2.4-D ester 
(1.0-octyl ester) 

2.4.5-T amine 
(N-Oleyl-l,3-propylene 
diamine  salt) 

15.83  0.69  N.D.  N.D. 

12.73 I . D .  <0.01 -I- 

2,4,5-T ester 1.62  eo.01 <0.01 
(Iro-octyl  ester) 

(2,4-D 4 2.4.5-T) amine - 0.40 0.08 cO.01  

(N-Oleyl-l,J-propylene 
diamine  salt) - Total 
12.4-D 4 2,4.5-T) ester 14.0 0.35 0.07 0.02 
flso-octyl es ter )  - Total 

N.D. - Not detectable 

- - Samples broken  durlnq  transit 
Llmlt of detcctlon - - 0 . 0 1  qm/U2 
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TABLE 4 CHLOROPHENOXY  RESIDUES  IN  THE  SOIL  AND  FOREST  LITTER 
(LATE SU!.lMER SPRAY - AUGUST,1973) 

Formu-  Herbi-  Strata  pH  Water  Residues of phenoxy  compounds 
lation  cide  (Mean)  Content  (ppm)  at  different  sampling 
( 4  lbs  (Mean % )  time  (hours) 
a.i./A) 

3  6  21  168  52 
(Weeks) 

2 I 4-D  Soil  5.69  21.0  N.D.  0.085  N.D.  N.D.  N.D. 
Trash 0.035 0.275 ---- N.D. 

2,4,5-T  Soil N.D.  N.D. N.D.  N.D.  N.D. 
Trash 1.715 0.005 0.075  N.D.  N.D. 

Control 

2,4-D 
amine 

2,4-D 
ester 

(2,4-D + 
2,4,5-T1 
amine 

(2,4-D + 
2,4,5-T) 
ester 

2,4-D  Soil 
Litter 

2,4-D  Soil 
Litter 

2,4-D  Soil 
Litter 

Litter 
2,4,5-T  Soil 

2,4-D  Soil 

2,4,5-T  Soil 
Litter 

Litter 

5.54  23.4  0.025  0.005 
7.097  0.260 

5.23  29.6  N.D. 0.080 
5.985  4.725 

5.18  21.0  0.140  N.D. 
0.375  3.400 
N.D.  N.D. 
0.420  2.800 

5.46  25.3  N.D.  0.200 
2.250  0.350 
N.D. 0.190 
1.575 1.025 

0.025 
4.385 

1.170 
0.215 

N.D. 
0.505 
N.D. 
7.450 

0.040 
5.170 
0.045 
6.106 

N.D. 
"" 

0.160 
"" 

0.090 

0.03 
"" 

"" 

N.D. _"_ 
N.D. 
N.D. 

N.D. 
0.80 

0.85 
0.06 

0.09 
0.69 
0.06 

N.D. 
0.17 
0 . 0 4  
0.14 
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TABLE 5 

Fonnulation Herbicide  Strata pH Water Resldues oE chlorophcnoxy compounds (PpmJ at 
(4 Ibs (Hean)  Content  diffcrent s x n p l l n g  trme (hours, days) 
. . i . / A )  ’) 2 hr. 6 21 7 da.  14 28 5 6  112 

(Rain) 

Control 2,4-D Soil L 5.52 24.34 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
2.4,s-T litter 

2,4-0 2,4-D Soil L 6.00 16.11 23.8 82.0  20.0 0.04 N.D. N.D. N.D. N.D. 
mine 

2.4-D 
ester 

2,4-D Soil 5.73 10.48 3.85 1.70 0.79  0.09 N.D. N.D. N.D. N.D. 

2.4.5”  2.4.5-T Soil L 6.07 26.25 N.D. N.D. 0.18 0.02 N.D. N.D. N.D. N.D. 
mine litter 

litter 

litter 

2,4,5-T  2.1.5-T Soil C 5.82 17.21 3.75 0.42 0.37 0.14 0.02 N.D. N.D. N.D. 
ester  litter 

2.4.5-T) 
(2.4-D + 2,4-D soil 

m i n e  2.4.5-T litter 0.25 1.10 0.56 0.06 N.D. N.D. N.D. N.D. 
and 5.54 21.30 

N.Da N.D. N.D. N.D.  N.D. M.D. N.D. N.D. 

(2.4-0 + 2.4-D Soil N.D. N.D. N.D. N.D. N.D.. N.D. N.D. N.D. 
2.4.5-T) 

0.33 0.66 N.D. 0.02 N.D. I.D. 0101 N.D. a ester 2.4,s-T litter 
and 5..94  21.02 

TABLE 6 CRLOROPHENOXY.RESIDUE I N  THE SOIL AND FOREST LITTER 
(ULRGy SllFrER SPW - XBE, 1974) 

Formulation  Herbicide  Strata  Residues of chlorophenoxy compounds (ppml at different 
sampling  time (hours,  days) 

2 hr. 6 24 . 7 da. 14 28 56 112 
(Rain1 

Control 2.4-D Soil C N.D. N.D. N.D. . N.D. N.D. N.D. N.D. N.D. . 
2.4.5-T litter N.D. N.D. N.D. N.D. N.D. N.D. N.D.  N.D. 

mine 
2.4-D 2.4-D Soil L 0.04 0.14 N.D. 4.23 N.D. N.O. N.D. 0.01 

litter 

2.4-D 2.44 Soil C 0.05 0.01 N.D. 0.80 0.88 0.19 N.D. N.D. 
eater litter 

mine 
2.4.5-T  2.1.5-T Soil C 4.49 0.18 N.0. 0.80 1.87 0.79  0.49 0.28 

litter 

aster 
7.4.5-T  2.4.5-T Soil C 0.08 0.19 N.D. 0.86 0.32 0.03 N.D. 0.02 

litter 

(2,4-D + 2,4-D Soil C 0.84 0.19 N.D. 1-09 0.69 N.D. N.D. 0.05 
amine 2*405-T) 2.4.5-T litter 0.51 0.17 N.D. 0.57  0.42 0.03  N.D. 0.04 

(2.44 + 

eater 2’4*5-T) :::I:-, litter 0.20 0.02 N.D. 0.11 0.24 0.02 N.D. 0.04 
Soil C 0.25 0 .02  N.D. 0.06 0 . 4 5  N.O. N.D. U.D. 
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4.3 Biological   Obersat ions.  

4.3.1 Non-Target  Arthropods.  Tables 7 and 8 p r e s e n t   t h e   t o t a l  
numbers and composition o f  arthropods  obtained by n e t  sweeping  from 
con t ro l  and t rea ted   p lo ts   o f   Exper iments  No. 1 and 3. Twelve  groups o f  
arthropods  were  recorded. I n  Experiment No. 1 the  Order  Hemiptera  (p lant 
bugs) seemed t o  be the  most numerous, whi 1 e i n  Experiment No. 3, Order 
D ip te ra   ( f l i es )   rep resen ted   t he   g rea tes t  number o f  arthropods. The t o t a l  
number of   ar thropods  increased  by 150 pe r   cen t   a f te r   t rea tmen t   i n   t he  
c o n t r o l   p l o t s   o f   l a t e  summer spray  (August,  1973). I n   t h e   t r e a t e d   p l o t s  a 
58% reduct ion was i n d i c a t e d   a f t e r   t r e a t m e n t .   I n   t h e   e a r l y  sumner spray 
(June,  1974), the  pre-versus-post   appl icat ion  populat ion  o f   ar thropods  o f  
con t ro l   p lo t   remained unchanged, b u t  a 50% reduct ion i n  populat ion was 

obtained i n   t h e   t r e a t e d   p l o t s .  The decrease o f   a r th ropod  numbers could 
p o s s i b l y   b e   a t t r i b u t e d   t o   t h e   m i g r a t i o n   o f   t h e   i n s e c t s  away f rom  t rea ted  
p l o t s   t o   u n t r e a t e d  areas. 

The 3-way anova (Appendix V )  t e s t   i n d i c a t e d   t h a t :  

1. Herb ic ides ,   the i r   fo rmula t ions ,  and the  amount o f   a c t i v e  
ma te r ia l  had a g rea t   i n f l uence  (P=0.05) on arthropod numbers; 

2. The t o t a l   a r t h r o p o d   p o p u l a t i o n   i n   a l l   t r e a t e d   p l o t s  was s i g n i -  

f i c a n t l y  (P=O.Ol) lower   a f ter   herb ic ide  appl icat ion  than  before 
t reatment ; 

3. Arthropod numbers i n   p l o t s   t r e a t e d   w i t h  2 lb./A. o f   e s t e r  
d i f f e r e d  s i g n i f i c a n t l y  ( P = O . O l )  f r o m   o t h e r   p l o t s   ( w i t h i n  
t reatment)   before as w e l l  as a f t e r   h e r b i c i d e   a p p l i c a t i o n ;  

4. There i s  c o n s i s t e n t   v a r i a t i o n   o f   a r t h r o p o d   p o p u l a t i o n   i n   a l l  
p l o t s   ( h i g h   f i g u r e   f o r   c o e f f i c i e n t  of  v a r i a t i o n ) .  

4.3.2 F i s h   T o x i c i t y .  The r e s u l t s   o f   f i s h   t o x i c i t y   t e s t s   a r e   p r e s e n t e d  
i n  Table 9. Genera l ly ,   the  ester   formulat ions  o f   ch lorophenoxy  herb ic ide 
appear t o  be more t o x i c   t o  coho f i n g e r l i n g s   t h a n   t h e i r  amine counterparts.  
Wi th in   the amine formulations,  short-chained  carbon compounds a r e   l e s s  
hazardous  than  long-chained  carbon compounds. I s o - o c t y l   e s t e r  of 2,4,5-T 
was demonstrated t o  be t h e  most   acu te ly   tox ic   o f   the   g roup  tes ted .  

4.3.3 Impact on Birds.   Table  10  presents  the number and composition o f  

birds  recorded  near  the  experimental  plots.  In  both  cases  there  appeared 

t o  be no d r a s t i c  change i n   t h e i r  number a f te r   the   spray   opera t ions .  
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TABLE 7 COMPOSITION OF ARTIIROPODS AND POST-SPRAY CllANCES 
OF CONTROL AND TREATED PLOTS (NET SWEEP SAMPLES) 
OF EXP&RIMENT NO. 1 (LATE SUEL'IER S P M Y ,  1973) 

Arthropods Control Plots Change. Trcated Plats Change. 
Pre- Post- Pre- 0ast- 
Spray  Spray 

Auq.15  Auo.23 
Spray Spray 

Aug.15  Auq.23 

Arachnida 
Coleoptera 
Diplopoda 
Diptera 
Hemiptera 
Hymenoptera 
Lepidoptera 
Hollusca 
Neuroptera 
Psoeoptera 
Thyranoptera 
Trichoptera 

Total Numbers 

16 17 1.06 
5 . 8 1.60 
1 
25 

0 -"- 
46 1.84 

321 441 1.37 
4 30 9.75 
0 10 "" 

0 

0 

0 "" 

2 
0 "- 
I 0.50 

0 0 "- 
0 1 "- 

. .  

374 563 1.51 

17 
0 
1 

42 
146 
46 
1 
1 
2 
2 
2 
0 

560 

14 
1 
0 

28 
173 
15 

2 
0 
0 
0 

0 

. o  
- 
233 

0.82 
"" 

"" 

0.67 
0.39 
0.33 
2.00 
"" 

"" 

"" 

- 
0.42 

TABLE 8 COMPOSITION OF ARTHROPODS AND POST-SPRAY CHANGES 
OF CONTROL AND TREATED PLOTS (NET SWEEP SAXPLESI 
OF EXPERIMENT NO. 3 (EARLY SUNMER SPRAY, 1974) 

Arthropods Control Plots Change' Treated Plots Change. 
(Total of all 
Treatment) 

Prr- Post-  Pre- Post- 
Spray Spray Spray Spray 

Arachnida 18 14 0.78 99 88 0.89 
Coleoptera 6 12 2.00 69 40 -0-58 
Collembola 8 7 0.88 25 4 0.15 

. - _  Diptera 1 4 0  183 1.31 1,047 615 0.59 
Eemiptera 50 28 0.56 105 33 0.31 
Eomptera 47 37 0.79 311 98 0.32 
Bymenoptera 22 11 0.50 125 30 0.24 

, .  

" -,... - Lepidoptera 1 11 5 0.45 0 "- 
L' -. .I . .- - Nauroptera 0 0 "" 0 1 "" 

Plccoptera 15 2 0.13 53 10 0.19 
Paocoptera 3 2 0.67 30 21 0.70 
Thyaanoptera 0 1 "" 1 0 "" 

. ... . .  

Total Numbers 310 291 0.96 1,877 945 0 . 5 0  

Change = Post-spray numbers ; .1 - increase 
Prm-apray numbers e 1  - decrease 
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TABLE g FISH TOXICrTIZS OF IlIFFEIlENT FORMULATIONS OF 
CHLOROPHENOXY COMPOUNDS 

Compounds Formulation Toxicity (ppm) 

Threshold 9 6  Hr. LC50 

2.44 amine 

2.44 ester 

(2.4-D + 2,4,5-T) 
m i n e  

aster 

2,4-D amine 

(2,4-D + 2.1.5-T) 

m i n e  

2.4.5-T amine 

(2.4-D + 2.4.5-T) 

2,4,5-T ester 

diethanolamine salts 
Dimethyl amine/ 

Iso-octyl ester 

Monoethanolamine/ 
diethanolamine/ 
dimethylamine/ 
diethylamine mixture 

Iso-octyl ester 

N-Oleyl-l,3-propylene- 
diamine salt 

N-Oleyl-1.3-propylene- 
diamine salts 

N-Oleyl-1.3-propylene- 
diamine 

Iso-octyl ester 

>560 

>180 

> 100 

100 

75 

56 

32 

10 

>1.350 

240 

620 

135 

86 

64 

36 

13.5 

Coho fingerlings/frys 

T&LE 10 NUUBERS OF BlRDS RNO WILOLIFE NEAR EXPERIUENTRL PLOTS 

Pre-Spray Post-Spray 
Birds and Yildlife (August 15,.1973) (August 24. 1973) 

late Sutnner Spray. 1973 

Bears . .1 0 

Blrdr (grause. hawks, jays. robins  15 

k r  1 

Squirrels ' 2 

sparrars) 
17 

1 

2 

TOTAL NUMBER 21 20 

Early  Sunmer Spray, 1974 (June 12. 1974) (June 20. 1974) 

Birds (cmw. ducks, grouse. 
robins. songbirds, 24 21 
swallows. s p a r n r s )  
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5. DISCUSSION 

Alder  (Alnus  spp.) i s  an aggress ive  p ioneer   forming  par t   o f   the 
secondary f o r e s t   s u c c e s s i o n   w i t h i n   t h e   c o a s t a l   f o r e s t   o f   B r i t i s h  Columbia. 
Logging a c t i v i t i e s ,   p a r t i c u l a r l y   t h e   c o n s t r u c t i o n  o f  logging  roads, 
e l im ina te   p r imary   f o res t  and promote t h e   p r o p a g a t i o n   o f   t h i s   p l a n t .  An 
e f f e c t i v e   c o n t r o l   o f   t h e   p e r e n n i a l  woody  weed i s   t h e  use o f   h e r b i c i d e s ,  

espec ia l l y  2,4-D and 2,4,5-T because  of t h e   p l a n t ' s   s u s c e p t i b i l i t y   t o   t h e s e  
compounds (B.C. Department o f   A g r i c u l t u r e ,  1973). The degree o f   c o n t r o l  
depends on the   t ype   o f   vege ta t i on  management required. I n  f o r e s t  and 
r ights-of -way management, i t  i s  des i rab le   to   have a complete  a lder k i l l   t o  
avoid  annual  chemical  treatment. 

The cu r ren t  recommended r a t e   o f   f o l i a r   a p p l i c a t i o n s   i s  2 t o  4 
pounds o f   ac t i ve   i ng red ien t   pe r   ac re   ( l b .   a . i . /A . )  o f  2,4-D o r  2,4,5-T 
es ter   fo rmula t ions   (Counc i l   o f   Fores t   Indus t r ies ,  1972). Amine formulat ions 
are  not  recommended f o r  use as f o l i a r  sprays  because o f   t h e i r  apparent  poor 
lea f   penet ra t ion .   Of ten   the   h ighes t   permiss ib le  dose r a t e  of e s t e r  formu- 
l a t i o n   i s  employed t o  a c h i e v e   t o t a l   k i l l .  The f o l i a r   a p p l i c a t i o n   o f   e s t e r  
formulat iorx has prompted  severe c r i t i c i s m  by env i ronmenta l is ts  because o f  
severa l   undesi rab le  character is t ics .  They are more vo la t i le ,   thereby   caus ing  
g r e a t e r   d r i f t  and increased  hazards  to  spray  operators.  Furthermore,  ester 
forms  of  chlorophenoxy compounds are more t o x i c   t o   f i s h  and f i s h   f o o d  
organisms  (Pimentel , 1971).  Esters  are  insoluble i n  water and r e q u i r e   t h e  
use o f  o i l   s o l v e n t  and e m u l s i f i e r s ,   w h i c h   f u r t h e r   i n c r e a s e   t o x i c i t y   t o  
aquatic  organisms. 

The 1973 exper iments  suggest  that   both  the amine and e s t e r  
f o r m u l a t i o n s   o f  2,4-D and 2,4,5-T were e q u a l l y   e f f e c t i v e   i n   c o n t r o l l i n g  
a lde r  when app l i ed  as a f o l i a r  spray.   Complete  control   toward  the  end  of  
the  growing  season  (end o f  August) was ach ieved  w i th  a dosage o f  1-2  lb.  
a.i./A. o f  e i t h e r  2,4,-D or 2,4-D + 2,4,5-T amines and es te rs  even when t rees 
were  approaching a phys io log i ca l l y   " res i s tan t "   s ta te .  It was found  that  
doses o f  1-2 lb .   a . i . /A.   a lso  achieved  s imi lar   resul ts  when app l i ed   du r ing  

act ive  growing season (June) as i nd i ca ted  by t h e   r e s u l t   o f  Experiment 

No. 3 (1974 summer spray). 
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Whi le   complete  defo l ia t ion  took  p lace i n  p l o t s   t r e a t e d   w i t h  
2 lb.  a.i./A. i n  August, 1973, some o f   t h e   t r e e s   l a t e r  formed buds. A 
f u r t h e r  assessment  conducted on the  experimental  plots  of  August, 1973, 
i n   t h e   s p r i n g   o f  1974 showed tha t   these buds were n o t   v i a b l e .  The form- 
a t i o n   o f  buds suggests   tha t   the   a lder  had hardened o f f   t o  some e x t e n t   p r i o r  
t o   t rea tmen t  and t h i s   c o n d i t i o n   d i d   n o t   a f f e c t   t h e   e f f i c a c y   o f   c h l o r o p h e n o x y  

herbic ides,   demonstrat ing  that   they  could be  used  towards the  end  of  the 
growing season,  and s t i l l   s u c c e s s f u l l y  check plant  growth.   Furthermore,  the 

use o f   l e a f   d e f o l i a t i o n   i s  a v a l i d   c r i t e r i o n   f o r   a s s e s s i n g   t h e   e f f e c t s  of 
chlorophenoxy compounds on a lder   t ree   mor ta l  i ty. 

The dormant  spray o f   A p r i l ,  1974, i nd i ca tes   t ha t   poo r   a lde r  
c o n t r o l  was obtained when chlorophenoxy  chemicals  were  mixed w i th   water .  

A l though  vary ing   degree  o f   lea f   s tun t  was noted 2-3 weeks a f te r   t rea tment ,  
no t r e e   m o r t a l i t y  was observed. One e x p l a n a t i o n   f o r   t h i s   u n s a t i s f a c t o r y  
r e s u l t  was the   phys io log i ca l   " res i s tan t "   s ta te   o f   t he   a lde r ,   wh ich   p robab ly  
p r e v e n t e d   t h e   p e n e t r a t i o n   o f   s u f f i c i e n t  amount o f  t o x i c   m a t e r i a l s .   A p r i l  
was a l so  a r e l a t i v e l y   w e t  month  (Appendix V I )  and t h e   r a i n   c o u l d   p o s s i b l y  
have a f fec ted   the   app l ied   concent ra t ions   o f  some o f   the   chemica ls .  

Studies  from d r i f t   p l a t e s   d i d   n o t   d e m o n s t r a t e  any d e f i n i t e   o r  
l a r g e   d i f f e r e n c e s   i n   d r i f t   p a t t e r n s  between  amine and es ter   fo rmula t ions  
a t   d i f f e r e n t   c o n c e n t r a t i o n s   o f   a p p l i c a t i o n .   D u r i n g   t h e   l a t e  summer spray, 

greater  amounts o f   d r i f t   d e p o s i t s   o f  2,4-D and 2,4-D t 2,4,5-T amines were 
moni tored  than  corresponding  ester   formulat ions.   In   the d o r m a n t   a p p l i -  

c a t i o n   l a r g e r  amounts o f  2,4-D amine, 2,4-D e s t e r  and 2,4,5-T ester   were 
detected.   Substant ia l ly   greater  amounts o f  d r i f t  d e p o s i t s   o f  2,4-0 + 
2,4,5-T e s t e r  were  obta ined  dur ing  ear ly  summer f o l i a r   t r e a t m e n t .  No 

d i f f e r e n c e s   i n   d r i f t   p a t t e r n s  were  detected  between  short  and  long  C-chained 
amines o f  2,4-D and 2,4,5-Tv The d r i f t   r e s u l t s   o f   e s t e r   f o r m u l a t i o n   o f  
2,4-D and 2,4,5-T were v a r i a b l e  and th is   cannot  be exp la ined  a t   p resent .  

There was a d i f f e r e n c e  i n  the  pers is tence  o f   ch lorophenoxy com- 
pounds between residues  from  dormant and summer f o l i a r  sprays.  Chlorophenoxy 
residues seemed t o  remain i n   t he   env i ronmen t   f o r  a much s h o r t e r   t i m e   i n  
dormant  spray  than summer a p p l i c a t i o n .   T h i s   d i f f e r e n c e   c o u l d   b e   a t t r i -  
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buted t o   t h e   h i g h   r a i n f a l l   p r e v a l e n t   d u r i n g   s p r i n g  and the  subsequent 
d i l u t i o n  and leach ing   o f   res idues   by   runo f f   f o l l ow ing   p rec ip i t a t i on .  

The f a i l u r e   t o   d e t e c t  any  chlorophenoxy  residues i n  water samples 
f rom  S ta t ion  W1 and W2 during  dormant  operation i s   p r o b a b l y  due t o  two 
fac to rs :   l im i ted   quant i t y   o f   ch lo rophenoxy   chemica ls   reach ing   the   d i tches  
ad jacen t   t o   t he   p lo t s  and d i l u t i o n  beyond limit o f  d e t e c t i o n   w i t h i n  
0.25 hours. I n   S t a t i o n  W3 and W4 o f   t h e  summer spray, only t r a c e  amounts 
o f  2,4-D and 2,4,5-T appear i n   t h e   w a t e r  1 or 2 hours  fo l lowing  t reatment.  
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APPENDICES 
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APPENDIX I .  ALDER CO!iTRI)L AT SELECTED  INTERVALS FOST TREATMENT 
(LATE SUMMER SPRAY. 1973) 

Weeks post Amount o f  a c t i v e   i n ~ l r e d i e n t l a c r e ~  
treatment Fonnulatlons+ 0.5 1.0 2.0 4.0 Mean 

C O N T R O L  R A T I N G -  

1 a 0 0 0.50  0.50  0.25 
(August M , E 0 0 1.00 . 5.40 1.60 

A' 0.75 0.50 0.25 0.50 0.50 
E '  1.75 1.5J 4.65 1.75 2.41 

nean 0.63 0.50  1.60 2.04 1.19 

1973) 

2 n 
( k P t .  6. 
1973) 

0.25 1.30 4.50 5.25 2.75 
E 1.25 3.50 4.25 8.90 4.48 
A' 2.25 2.25 3.50 6.00 3.50 
E' 1.00 3.50 6.53 8.40 4.85 

k d n  1.19 2.56 4.69 7.14 3.90 

4 1 
(Sept.  21. 

3.25 7.75 7.80 8.90 6.93 
E 3.15 5.70 8.65 9.00  6.63 

1973) a* 7.90 7.25 8.30 9.00 8.11 
E' 6.10 8.70  9.00 9.00  8.20 

#an 5.10 7.35 8.44  8.96  7.47 

6 A 
(Oct.  5. 
1973) 

1.05 6.05 6.40 8.40 5.48 
E 2.05 3.90 8.15 9.00 5.78 
A'  5.65 S.05 7.40 8.75 6.71 
E' 4.30 7.25 8.15 8.75 6.28 

Mean ' . 3.26  5.56  7.50 8.75'  6.28 . 
A 

52 

1974) 
(*rgust 21.  

A 5 . w  8.38  9.00  9.00  7.85 
E 4.50  6.75  9.00  9.00  7.31 

E' 9.00 8.50 8.75 9.00 8.81 
k a n  6.50 7.53 8.38  9.00 7.85 

a' 7.50 6.50 6.75 9.00 7.49 

Source of Variation OF SS ns FS Siq. 

Yeekr post  treatment (A) 4 495.99 124.00  134.18 -* 
Pmount of active  ingredient/ 

h m l d t i o n s  (C) 3 27.94 9.31 10.08 * 
Acre (8) 3 168.22 56.07 60.68 e* 

A vs. B 
A V I .  c 
B Vf. c 

12 37.50 3.13  3.38 * 
12 15.57 1.29 1.40 N.S. 
9 39.95 4.44 4.80 * 

. .  . .  + , 

A vs. B vs. c 36 33.27 0.92 ---- --- 
Total  

Lso (P - 0.10) 

LSD (P - 0.01) 
LSD (P = 0.05) 

Coctficfent o f  vrr iat ion - 17.75 

Between Treatment Within Treatment 
(8 vs. C)  

"" 

0.68 
0.89 

0 - n o  t ree  mortal i ty;  9 = tota l  tree m r t a l l t y  of e n t l n  plot;  

' A * 2.4-0 amine 
E - 2.4-0  ester 
T 2.4,s-1 m i n e  
A' 2.4-0 + 2.4.5-T)mine : 12.4-0 c 2.4.5-r)ester 
1' 2.4.5-1  ester 

man of  2 r e ~ l i c r t e s .  

a Ibs. p e r  acre 

1.24 
1.49 
1.97 



-31 - 

APPENDIX 11. ALOER CONTROL AT  SELECTED  INTERVALS  POSTTREATMENT 
(WRMANT SPRAY, 1974) 

Ueeks post  Fowulations'  Mount of active  ingredientlacre" 
treatment 0.5  1.0  2.0  4.0 h a n  

RATIYG OF TREE STUNTING. 

2 
(April 23 

A 
E 

A '  
1974) 1 .  

4.60 5.50 7.50 6.50 6.03 
3.50 5.00 6.50 8.50 5.88 

4.00 5.55 7.00 8.50 6.26 
1.50 3.90 4.50 3.75 3.19 
. . ~   . . ~ ~  ~ .. ~ 

E' 
T' 

3.50 6.75 4.50 7.00 5.44 3.50 6.00 5.50 7.60 : .65 

Mean 3.43  5.30  5.92  6.98  5.41 

4 A 2.50  3.25  8.15  7.65  5.30 
E 2.25 4.85  7.40 8.00  5.63 

A' 
T 0.59 1.25  1.00  1.50  1.06 

' E' 
5.50 6.09 8.25 8.2s 7 . 0 0  

1' 
7;OO 7.50 6.75  8.50  7.44 
2.75  6.00  6.25  7.50 5.63 

b a n  3.42 4.81 6.30 6.99 5.36 

6 
(Nay 21 
1974) 

A 

T 
E 0.50 1.75 4.50  7.00  3.44 

1.50. . 3.00 7.00  8.00  4.88 

A' 
0.50  0.25  0.25  0.25  0.31 

E' 
3.25 5.00 7.15 8.00 5.85 
5.00 8.00 5.50 6.50 6.25 

1' 0.50 5.50 3.00 6.75 3.94 
Mean 1.88  3.92 4.57 6.08  4.14 

Source of   Var ia t ion DF SS HS FS 510. 

Yeeks post  treatment (A)  2 25.87 12.94 19.49 - 
b u n t   o f  active  ingredient/ 

F o m l a t i o n s  (C) 5 192.64 38.53 58.06 -* 
Acre (8)  3  136.05 45.35 68.34 - 

A vs. B 
A vs. C 
B vs. c 

6 2.52 0.42 0.63 N.S. 
10 27.48 2.75 4.14. ** 
1s 57.47 3.83 5.77 ** 

A vs. 8 VS. t 30 19.91 0.66 ---- --- 

LSD (P - 0.05) 
Lso (P 0.01) 

Between Treatment Within Treatment 

l e  V I .  C) 

0.47 1.13 

0.62 1 .so 
t 

bcf f lc l .?nt   o f   var ia t ion 16.22 ' 

0 = no leaf  stunt;  9 complete leaf  stunt o f  ent i re   p lot ;  
man o f  2 replicates. 
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APPENOIX I  I I. ALDER CONTROL AT (ELECTED INTERVALS POST TREATKNT 
(EARLY SUHlER SPRAY, 1974) 

Wets  post  Formulations' k o u n t  o f  active  ingredientlacre * 
trcatnent 0.5 1.0 2.0 4.0 Wan 

C O N T R O L  R A T I N G '  

1 A 4.25 7.50 7.75 8.25  6.94 
(June -20 
1974) 

E 

A' 
T 

4.25 6.25 9.25 9.00 6.94 
6.00 6.00 7.65 8.50 7.04 
5.50 6.75 7.20 8.?5 6 .53  

T' 
E' 

4.50  4.25  5.95  6.75  S.?4 
3.75 7.W 8.00 8.40 6.79 

&an 4.71 6.29 7.45 8.19 6.66 

6.25 7.00 8.50 6.50 7.06 
4.25 6.M) 9.00  9.00 7.06 

A' 
T 6.50 8.00 6.50  9.00 7.50 

E '  
4.75 5.25 5.25 7.25  5.63 

I' 
4.75 6.50 8.50 8.75 7.13 
3.00  7.75 8.00  8.75  6.89 

' Elean 4.92 6.75 7.63  8.21 6.88 

2 A 
(June 27 E 
1974) 

3 A 
(July 4 E 

T 
A' 
E' 
T' 

7.50 7.75 8.75 9.00 8.25 
4.00 8.W 8.50 9.00 7.38 
7.00 8.00 7.75 * 9.00 7.94 
5.00 6.50 8.75 8.75 7.13 

' 5.00 7.65 9.00 9.00 7.66 
4.25 6.50 8.50 8.25 6.88 

1974) 

Mean . 5.46 7.40 8.46 8.83 . 7.54 

4 
(July 11 

A 
E 

1974) T 
A' 
E' 

7.50 7.80 8.75 9.00 8.27 
4.25 8.00 8.50 9.00 7.44 
7.25 8.25 7.75 9.00 8.06 
5.00 6.75 8.50 9.00 7.31 
5.W 7.75 9.00 9.00 7.69 

T' 4.50 6.50 8.75 8.50 7.96 

M a n  5.58 7.51 8.54 0.92 7.64 

Swrce of Variation OF SS flS FS Siq. 

Necks post t rea tmnt  ( A )  3 16.80  5.60 10.91 - 
b u n t  o f  active  ingredient/ 

kre ( 8 )  3 159.28 53.09  103.47 ** 
F o w l a t i o n s  (C) 5 16.43 3.29 6.40 ** 

A vs. E 
A YS. c 
E VI. C 

9 0.70 0.08 0.15 . N.S. 
15 9.92 0.66 1.29 N.S. 
15 25.55 1.70 3.32 * 

A vs. E VI. C 45 23.09 0.51 ---- --- 

LUI (P = 0.05) = 
Lu) (P = 0.01) = 

Between Treatment Wth in  Treatmnt 

(E  vs. C) 

0.42 0.77 
0.56 1 .oz 

Coefficient o f  variation - 9.842 

0 - no tree  umrtal i ty; 9 9 conplete tree mortal i ty  of en t i re   p lo t ;  
~ U I  o f  2 replicates. 

See Appendix I for meaning o f  A. E. T. A ' ,  E', T' .  

LI lba. Der acre 
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APPENDIX IV. TEST  CONDITIONS RECORDED DURING SPRAY APPLICATION 
O F  EXPERIMENT NO. 1 , 2 ,  AND 3 

Time of  spraying 
Weather 

Tempera t u  re 

Humi d i t y  
Rain 
Wind 
Dr i f t  
Fol i age 
Soil  type 
Soi  1 moi s t u r e  
Sprayer  throughput 
Total vol ume/pl o t  
P l o t  size 

Plant  species 

Stage  of  growth 

Experiment No. 1 

0930-1 130 
Variable,  some 
sunny  periods 
S t a r t  58'6, 
f i n i s h  65 F 
56% 
Ni 1 
<1 mph 
S1 i g h t  

Dry 
Glacial t i l l  
24% 
7.1  ml/sec 
150 ml 

bu f fe r  zone 
99% roadside 
a l d e r  

30x3, 10-50 f t  

Late summer 
3-8 f e e t  i n  
height 

Experiment No. 2 

0800-1 11 5 
Hazy days 

S t a r t  54'6, 
f i n i s h  56 F 
68% 
Nil 
13 mph 
Moderate 
Dry 
Sandy loam 
20% 
4 ml/sec 
150 m l  
As in Expt. 
No. 1 
98% roadside 
a1 der, some 
wi 1 1 ow 

Dormant spray 
5-15 f e e t   i n  
height 

Experiment No. 3 

0830-1 120 
Sunny 

S t a r t  61'6, 
f i n i s h  69 F 

63% 
Ni 1 
<3mp h 
Mode r a   t e  

Dry 
Sandy loam 
23% 
4.5  ml/sec 
150 ml 
As i n  Expt. 
No. 1 
As i n  Expt .  
No. 2 

Early sumner 
spray, 3-15 
f ee t   i n   he igh t  
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APPfNOIX V. EFFECTS OF CHLOROPHENOIY  COMPOUNOS ON NON-TARGET 
ARTHROPODS (EARLY SUWER SPRAY. 1974) I 

Total Arthroood Numbers/Plot* 
h u n t  o f  active  inqredientlAcre 

Treatment Formulations' a 00.5 1.0 2 . 0  4.0 man 

PrC- A 
Tmatment 

40.5 45.5 23.5  30.0  62.5  40.4 
E 17.5 26.0 19.0 216.5 35.5 62.9 

. T  
A' 

40.5 33.5 37.0 36.5 14.5 32.4 

E' 
26.5 30.5 26.0  52.0  16.0  30.2 

1' 
18.0  58.5  26.0 8.0 17.5 25.6 
13.0 30.5 21.5  30.5  31.0  25.3 

&an 26.0 . 37.4  25.5  62.3  29.5  36.1 

Post- A 
Treatment 

39.5 12.5 22.5  22.5 16.5 23.3 
E 
T 

21.5 12.0 8.0 96.0 24.0 .32.3 

.. A' 
14.0  8.5  18.0  20.5  9.5  14.1 . . 3 . 5  31.0 23.0 29.5 8.5  25.7. 

E' 
T' 

16.0 14.0 21.5 18.5 9.0 15.8 
16.0 20.5 22.5 13.0  13.5 17.1 

Man 23.9 16.4 19.8 33.0 13.5 21.4 

m 

Source o f  Variatfon OF SS 

Ueeks p s t  treatment (A) 1 3.263.44 
h u n t  o f  active ingredient/ 

k r e  (8)  4 5.644.81 
Foraulatfons (C) 5 5.176.27 

ns 
3,263.44 

1.411.20 

1.035.25 

FS 

10.73 

4.64 
3.40 

. 
A VI. B 
A VI. C 
B vs. c 

4 1.448.29 
5 1.104.54 

20 26.734.04 

362.07 
220.91 

1.336.70 

1.19 

0.73 
4.39 

N.S. 
N.S. 
m 

A VS. B vs. C 20 6,084.86 304.24 "" "- 
. .  . -  

* Total 59  49.456.25 ""_ "" _" 
Between Treatnent Uithin T r e a w n t  

- (B vs. CI 

LSD (P = 0.05) 
LSD ( P  0.01) 

9.05 18.88 
12.06 2s. 30 

Cocf f fdent   o f   Var ia t ion  = 59.62 

&an o f  2 replicates 

'See Appendla I for meaning of A. E. 1. A ' .  E'. T'. 

" 



APPENDIX VI. MONTHLY RECORDS OF RAINFALL  (TOTAL I N  INCHES) - 
CAYCUSE (5  MILES FROM NIXON CREEK AND 25 MILES 
FROM NITINAT)  1974 

Month 

March 

Apr i  1 

May 

June 

J u l y  

August 

September 

October 

November 

R a i n f a l l  

( inches) 

21.55 

7.92 

6.43 

2.81 

4.92 

0.20 

1.59 

3.76 

22.08 
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