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ABSTRACT 

-. Glyphosate (Roundup@) is a broad spectrum herbicide that 

can suppress some defense mechanisms in higher plants. It has 

been demonstrated that root colonizers can play an important 

role in the herbicidal action of this herbicide. For these 

reasons, and because glyphosate can cause rpot rot-like damage 

on crops, this stuay was undertaken to investigate the effect of 
- 

glyphosate on _the soil-borne root colonizing F u s a r i  urn spp. 
- - , 

'+ 

The research was conducted at 2 sites. Site # 1 was densely 
I .  

covered with perennial weeds, and site # 2 with annuals. At site -' 

\ 

p 1 ,  spraying the weed cover with glyphosate increased (p 5 x . *- 

0 . 0 5 )  the level of colonization by F u r n r i  urn spp. in R a n u n c u l  u s  

r e p e n s  L. and Hol c u s  l a n a t u s  L., but not in St  e l l a r i a  m e d i a  (L.)d 

Vill, and P l a n r a g o  l a n c e o l a t a  L. At site # 2, glyphosate 

enhanced colonization in S p e r g u l  a  a r  v e n s i  s  L. , S t  e l  1 a r i  a m e # i  a  

ii.) Vill., E c h i n o d h l o a  c r u s g a l l i  (L.) Beauv., and C h e n o p o d i u m  

a /  bum L . ,  but not in C a p s e l l a  b u r s a - p a s t  o r i s  (L.) Medic. and 
I 

P o l y g o n u m  p e r s i c a r i a  L .  At both sites, the number of colony 

forming units of F u s a r i u m  spp./g of dried soil was increased by 

:he application of glyphosate. Nevertheless, crops that were . 
-L 

sown in the field containing the annual weeds were not 

detrimentally affected by glyphosate treatment of these weeds. 

From these results, and from evidence in the literature, it 

is concluded t h a t  rapid colonization by F u s a r i u m  spp. of some - 
weed species occurs folloving treatment with glyphosate and 

i 

r a s s e s  an inirease ir, t h e  number bf propagules of F u s a r i  urn spp. 

i i i  



i n  s o i l .  Curcent and fu ture  uses of glyphosate a r e  di&ussed i n  
k. -. 

2 , .  

r e l a t i o n  t o  t'he management of d i seases  t h a t  a r e  a r e s u l t  of weed 

c o n t r o l  p r a c t i c e s .  P 



RESUME -- 

Le glyphosate (Roundup@) est un herbicide qui peut dgtruire 

presque toute vegetation. I1 a et4 d&montrC que les cha-gnons 
"4 

pathog6nes du sol jou'ent un r6le important dans l'action 
/ 

herbicidale du glyphosate. Pour ces raisons et aussi parce que 

le glyphosate peut endommager les cultures en provoquant une 
' 

pourriture de leurs racines, cette 4tude sur les effets du 
- 

, glyphos'ate sur le genre F u s a r i u m ,  un champignon dtorigine 

hdaphique doht font parties plusieurs espbces pathogbnes, a &t& 

entreprise. 

Le travail de champ eut-lieu 2 endroits:Il y avait une 

forte.densit4 de ma.uvaises herbes vivaces au site # 1 et 

d'annuelles au au'site f 2. Au site # 1 ,  l',ap$?ication du 
-- LI 

glyphosate a augment6 (p 2 0 . 0 5 )  le taux de plantes envahies par - 
. +  

F u s a r i  urn spp.. chez R a n u n c u i  u s  r e p i n s  L. et H o l  c u s  l a n u t  u s  L., 
i 

mais cet effet n'a pas Ct6 observC chez S t e t t % a r i a  m e d i a  (L.) 

Vill. et ~ l  a n t  a g o  1 a n c e o ! a t a  L. Au site #-2, le glyphosate a eu 

l'effet d'accroltre le taux de plantes envahies par F u s a r i u r n  . 

s?p. chez S p e r g u i a  a r ~ e n s i s  L., S t e l l a r i a  m e d i a  (L.) Vill., 

E c h i  n o c h l  o n  c r u s g a l  1 i  (i.) Beauv., et C h e n o p o d i  urn a1 bum L., mais 

tel ne fut pas,le cas pour C a p s e l  l a  b u r s a - p a s t  o r i s  (L.) Medic. 
L. 

et P o l y g o n u r n  p e r s i c a r i a  L. kux 2 sites, l'application du 

j:yph~'Sate sur les mauvaises nerbes a accru le nombre de g e r m s  

Bes ~ u s o r i  a / $  de sol sec. ~Canmoins, l'application d u  glyphosate 

sur ?es mauvaises herbes n'a pas affect4 nCgativement 

. ,  Cmergence des cultures semCes au site + 2. 
s. 



, 

k partir de ces resultats ainsi w e  d'autres publies par 

divers auteur%, il est conclu que lves ~tissus des plantes . - 

traitees a.p glyphosate sont rapidement envahis p8d*z~urorr urn spp. 

et qu'un accroissement du nombre de germes de Fusarrurn spp. dans 

ie, sol s'ensuit. Les perspectives d'avenir du glyphosate sont 

discutkes e = ~  relation avec la protection des cultures contre les 

maladies issues des techniques de contrble des rnauvaises herbes. 
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Introduction 

Glyphosate (~oundup@) is a water soluble herbicide that 

kills most herbaceous plants when applied as a foliar spray 

(Monsanto, 1982). In many annual and perennial species, this 

herbicide is rapidly absorbed and translocated downward through 

the vascular tissues into the roots (Sprankle et a l . ,  1975~; 

Coupland e t  a l . ,  1979 & 1981). About 3 days after treatment, . 
respiration and photosynthesis are gradually inhi,bited and 

approximately one week later'chlorosis is apparent (Sprankle e t  

0 1 .  , 1975~). Glypbo&te has a rapid effect o n  many biochemical 
I 

processes taking place in higher plants (~oagland and Duke, 

1982; Cole- e t  a l .  , 19831, but the on,ly effect proven to -be a 

primary mode of Action is the inhibition of the enzyme 
. I 

5-enolpyruvylshikimate-3-phosphate synthase involved in the 

shikimic acid pathway (Steinrucken and Amrhein, 1980 & 1984; ' 
, 

Rubin er , o f .  , 1984). This pathway leads to the synthesis of 

phenyLalanine, from which phytoalexins are derived (VanEtten and 

Pueppke, 1976; Dewick and Steele, 1982). Phytoalexins are 
3 

involved in mechanisnTs of disease resistance of plants 

!Deverall, 1977; Darvill and Albersheim, 1984). 

These facts comprise the rationale for a study in which 
1 

glyphosate is being used to investigate the association of 

phytoalexin production with fesistance of bean plants, P h o s e o l u s  
. . 

F u i g a r i s  L., to antnracnose, C o l l e ' t o t r i c h u m  l i n d e m u t h i a n u m  

(Sac;. b Magri.) Scribner. During the early stages of this 
- 



investigation, ,Jonal and 2ahe (1964) showed that bean plants 

zreated with o cerzain dose of glyphosate'died when grown in 

non-szerile soil, but survived in sterilized soil. They 

demonstrated c1ear:y that the death of the treated bean plants 

was due to fungal colonization of roots, principally by P y t h r u m  
4 

spp. and F u s a r i  urn s ~ p .  Syl-ch and Penn (19801, as well as Brown 

and.Sharma (1984) showe2 that glyphosate-treated plants, 

respectively, quackgrass, A g r o p y r o n  r e p e n s  (L.1 Beauv., and . 

flax, L i n u m  usiratissimum L., were rapidly colonized by fungi. 

However, they did not link the fungal colonization with the 

nerbicidal action. , 

Many herbicides influenie negatively or positively the 

incidence of disease< on crops (Katan and Eshel, 1973 ;  Altman 

and Campbell, 1977; Griffiths, 1981; Smith, : 9 8 2 ) .  The 

interactions that have been investigated the most are: 

a, effect on growth, 

b. effect on the of the pathogen. 

a. effect on eefense mechanisms, 

b. e f  ect on exu5atio~ from host tissues. L 
3. Herbici~e-an~agoriszs or competit5rs-pathogens, the indirect 

effect on pathogens throcgb. inhibition or enhancement of 

ccrnpetitors 3r a3:agonis:s. 

kierbicicies aiss  indlrectiy affect crop diseases by 

elirinating wee5s anZ cause changes in microclimate that modify 

3 
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Materials and Methods 

Site = 1 % 

m ~ .  ... 1s site is/az abandoned field near Aldergrove, British 

- - .  
C~lunbia. The fie-s nad a dense cover of predominantly perennial . . - - 
grasses and brcas-eafed weeds, and an annual weed ( S t  e l l a r i a  , 

m e d i  a ( L . )  Vill. I chat suc~essfully overwintered (Table I). The 

. . 
55:- was a Ccicrbia i c a n y  sand. The treatments (Table 11) were 

applied on 2x6 ~ l ~ z s .  They were replicated 5 times and laid 

out in a randomlzed'com?lete block design. On June 12, 1984, 

~ l y p ~ o s b t e  was a ~ ~ l i e E  v i z h  a back pack solo@ sprayer at the 

r a t e  recommended f o r  the c~ntrol of perennial weeds, i . e .  7.0 L 

Three, 1 1  and ' 3  3 after spraying, one plant of each of 4 

weei species !Table : I  vas randomly sampled from every 
- - + -  .,,.. zi:;eci plot. F o r  each plant, the following procedure bas 

e ~ , . p - - + ~ ~ *  the ros=s xere washe=! in running water for 
"--"---l' 

3c;rsxirnately 2 i~in Three 1 cm ?ieces o$ root were excised from 

- k D  ,.., I,- ,,?or porti~r of the root zone (sections of young lateral or 

a5.;ent:ticJus :cots zaKe? 2-3  cm below soil line), and, except 

- - -  I,, S r e d !  u fro- v+-:-k ..,,.. c n l y  root pieces were taken, three 1 cm 

. -. ,1ezes vere rut iron z5e base of tne stem. These pieces were 

= : = * 2  - $-:face steri,, ,, r s r  2 m i n  I r  1% NaOCf, plated on potato 



- - 

Table I List' o f  the weed specfes sampled I n  sites 1 and 2 

Site Cornn~n ra-rs?. Latin name 

1 

I Velvet grass Holcus lanatus L. P 

C h ?  ckweeci Stellaria media ( L . )  V i l l .  A 

Narrow-leaved plantain Plantago lanceolata L .  P 

Creeping bxttercup Ranunculus reoens L .  P 

Shepherd's-cl~rse ' C a ~ s e l l a  bursa-pastorls ( L . )  M e d f c .  A 

Chi ~k;ree5 
63 

Stellarla medfa ( L . )  V i 1 1 .  . A 

C3rn sc,~rr; Spergula arvensis L .  , . A  

Lady s - t P w S  Pol ygonurn pers lcarf a L A 

Barcyard grass Echinochloa crusga'lll ( L . )  Beauv. A 



L .  

Table I 1  List of treatments applied in sites 1 and 2. 

S i te Treatment Appl icat lon of g l  yphogate 
number 

Ti 1 l a g e  

1 1 None v . ; None 4 

Yes 

Yes 

Rone 

1 week after spraying 

4 Yes 2 weeks after spraying 

Yes 

* 

None 

3 weeks after spraying 

* 

16 days before seedingi 

2 15 days before seeding1 None 

9 days before seeding None 

4 At seeding None 

5 .Just before emergehce None 

h l l  plots seeded betieeo J * ~ l y  8 and July 12. 



the tis&e pieces were scpred for presence or absence of 

i - F u s a r i  urn spp. For any ambiguous cases (absence of spores, 
7 

contamination, *etc.), hyphal tips of fungal colonies were 

transferred o a Fusarikm-selective medium  ash and Snyder, p' : 
1 9 6 2 ) ;  singlk spore cultures representing the major morphotypes 

of Fusarium spp. isolated were sent to the Biosystematics 

Research Institute, Agriculture Canada, Ottawa for 

identification to species. The iogistic regression ( ~ e e ,  1980; 
+ 

Engelman,\983) was used for analysis of data on colonization of 

weed species by Fusari urn spp. 

Three and 9,w after' spraying, a ,composite soil sample made 

up of 15, 2 . 5 ~ 1 0  crn cores was collected frdm every plot. The 

samples were kept at about'4-C until processing. In the 

laboratory, each composite sample was mixed again and 2  

subsamples were taken wiih a Lterile spatula which excluded 

organic debris or stones larger than approximately 3-4 mm 

diameter. The first subsample was used to determine soil 

moisture level and the second for dilution plating. For 

cietermination of soil noisture,,a 5-10 g subsample was weighed 

3: k 0 . 0 0 0 1  9 before and after 6 h of drying at 105 'C .  For 

eilution plating, a 3,-5 g subsample of soil was taken, weighed . 
at t C . O O C 1  g, cransferred into 100 ml of 0 . 1 %  agar suspension in 
- .  
n ,-stilled water, an6 mixes or, a"rotary shaking machine for 1 h. 

3ne ml was taken f r m  the suspension and transferred to 9 ml of 

. C  , . , c  agar to maKe a cen-fold eilution. Three higher dilutions ' 
B 

vere prepare? by rra:sferrin$ : ml of the last dilution to 
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- 
June J u l y  ' J u l y  J u l y  

25 2 1 1  1 4  

Spraying and sampling schedule  i n  s i t e  # 2 .  Each block 
or  age group was sprayed on one of t h e  4 d a t e s  
me'ntioned. I n  each  block, p l a n t s  were sampled. just 
be fo re ,  and 4 ,  7 ,  and 1 4  d a f t e r  sp ray ing .  



> 

colonization of weed species by F u s a r i u m  s p p .  analyzed using the 

logistic regression. 

In every plot, 100 seeds of each of 4 crops (Table Iff) 

were sown? all plots were seeded. between July 8 and July 12 .  

Each seed was individually planted at a depth of 4 cm, and 

spaced by 2.5 cr, within and 1 m between the rows. Each 6x10 m 

plot was divided lengthwise into 4 subplots so that 

2.5 m could be allocated to each crop. The emerging plants were 

counted 2 w after seeding. and data about the proportjon of 

planted seeds that emergenced were subjected to arcsine 

transformation and analysis of-variance- for Latin square 

designs. Significant F-values (p 5 0.05) resulting from the 

analysis of variance were processed using the Newman-Keuls test. 

On June 22 (before any treatement was applied), July 18 

(just be,fore crops emergence)', August 8, and September 7,'soil 

samples were +aken.from every plot for assessment of propagule 

levels of F u s a r i u m  spp. The sampling and processing techniques - 
;I 

were.as described for site $ 1 .  The data were subjected to a 

multiple non-linear regr'ession analysis (Gomez and Gomez, 1984; 



T a b l e  I11 L i s t  of crops p l a n t e d 1  i n  s i t e  # 2 .  

Common name L a t i n  name V a r i e t y  

Bush. b e a n  P h a s e o l u s  v u l g a r i s  L .  T o p c  r  opi  
. I 

S w e e t  corn  Z e a  m a y s  L .  S u n n y v e e  

Cucumber  

, Common pea 

F 

C u c u m i s  s a t i v u s  L .  
t 

P i s u m  s a t  i v u m  L .  L i t t e l  M a r v e l  

/ ' P l a L i t i n g  done b e t w e e n  July 8 ?nd ~ u i y  1 2 .  
A 



i 

Car 
E•’ fect' of glyphosate.on colonization of wee* by F u s a r i  urn spp. 

B 

al~bandoned field, - - -  Site $ 1 

The rate of colonizatioh of R a n u n c u i u s  r e p e n s  and H o l c u s  

1 h n a t  u s  by F , u s a r i  un! spp. was significantly higner in 

.glyphosate-treated plants than in the control plants ( ~ i g .  2). 

However, I did not detect any significant differences in the 

colonization of St e l  1 a r i a  m e d i a  and P l a n r  a g o  1 a n c - e o l  a t  a .  

F u s a r i  urn a v e n a c e u m  Schlecht and F u s a r i  urn o x y s p o r  urn ( F r .  ) Sacc. 

in a ratio of 5: 1 comprised over 95% of the rota1 F u r a r i  urn spp. 

recovered. 
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bjcultivated field, - Site - # - 2 

The p-values of the improvement Chi-square (Table IV) show 
A+- 

the sign'ificance of addi~g new predictor~variables (independent) 

in the model used for the analysis of the data for each iced 
species. These p-values fulfil the same purpose as dc the one? 

obtained from the F-value of ths signi % cance test for 
additional independent variableb in multiple regression analysis 

or analysis of variances For Capsel 1 a bursa-past bri s and 

~olygonurn persicaria the analysis indicated that a single 

constant was precise enough to represent 'the data. For 
- - -  

- -- 

Echi-nochl oa crusgall i , one regression line with the 4 age groups 

pooled together was  sufficient.'^^ neither the proportions of 

plants colonized by Fusarium spp. just3before spraying 
B .  

(intercepts of-curves), nor the rates of colonization by 

Fusacium spp. between the age groups (slopes of curves) were 

significantly different, I conclude that, for E .  crusgalli, P. 

persi caria, and C. bursa-past oris, and for the period when t, 

sampling took place, senescence had no conclusive effect on the- 

proportion of plants colonized by Fusarium spp. This was 

especially so becausk each age group (or block) was sprayed at 

diiferent times during a portion of the growing season (Fig. 1 ) .  

For Spergul a arvensis, S. media, and Chenopodi um a1 bum, the 

analysis demdnstrated that the best godel was one allowing 
t 

different time-rates df change in the proportion.of plants 

cslonized by Fusarium spp. ( 4  d-ifferent slopes), and different 



Table IV P-values of the improvement Chi-squares testing the 
hypothesis, that the newly 

added i yf?b of predictor 
variables significantly improved the prediction of the 
dependent variable (effect of glyphosate on the 
proportion of plants of one weed-species colonized by 
F u s a r  i urn spp. ) from the previous model. 

P-values 

Model 2': Model 3: Model 4: 
1 slope & 4 slopes & 4 slopes & 

Weed 1 intercept 1 intercept 4 intercepts 
species ( 1  d.f.1 ( 3  d . f . )  ( 3  d . f . )  - 
~ h ~ s e l ~ a  0.296 0.214 0 . 5 7 9  

b u r s a - p a s t  o r i  s  5 

S t e l l a r i a  
m e d i  a  

S p e r g u l  a 
a r  v e n s i  s 

P o l  y g o n u m  
p e r s i  c a r i  a  

E c  h i  n'oc-hl o a  
c r  u s  g a l  l  i  

C h e n o p o d i  urn 
a1 but.. 

I 

' Model 1 :  1 i n t e r r e p :  i one curve with slope=O ) 0 

- .  - 



proportions of colonized plants just before spraylng (4. 

different intercep~s) for the 4 age groups. However, because the 

proportion of colorized plants observed before spraying did not 

increase consistently with time (Table v), I conclude that these 
L 

data did not reveal any significant increase in colonization in 

S .  m e d i  a ,  S .  a r  v e n s i  5 ,  .and C .  a1 b u m  during the time period when 

the scudy ocurreci. Consequently, for every species st~died, the 

data from each ~ l c . c k  were pooled to illustrate the effect of 

slyphosate on r 3 o t  c Tonization by F u s a r i u m  spp. (Fig. 3 ) .  

The effect of glyphosate on the rate of colonization was 

significant (sloge > C.) in 5 .  m e d i a  , S .  a r v e n s i s ,  E .  c r u s g a f  l i ,  

and C .  a l b u m ,  while no significant increase was detected in C. 

b u r s a - p a s t  o r 1  s and P .  p e r s i  c a r i  a .  

In site = 2 ,  F. ~ x ~ s p o r u r n  and F .  p v e n a c e u m  in a ratio of 
b 

; ; I  contributee tc over 95% of the total F u s a r i u m  spp. 

recovered. 

/' 



Table V . Estimated theoritical mean _+ S.E. and observed 0 
I proportians of weed plants colonized by E u s a r i u m  spp. 

before spraying. 

~stirnated theori t.ical means 2 S.E. and observed 
proportions 0 by age group (A-D) for the 
sampling dates at which spraying took place' 

- -_ - -- -'-- 
Weed k B C D  
species J u n e  2 5  July 2  July 12 July 1 5  

,/ ---. 
S p e r g u l  a  0.0~0.0 0 . 4 8 2 0 . 2 4  0 . 0 2 0 . 0  0 . 3 1 2 0 . 2 1  

a r  b e n s i  s  i C .  9) ( 0 . 3 3 )  ( 0 . 0 )  ( 0 . 0 )  

S t  e l  I a r i a  0 . 0 9 2 0 . 1  1 0 . 4 6 2 0 . 2 3  0 . 0 2 0 . 0  0 . 3 8 5 0 . 2 2  
m e d i  a ( 0 . 0 )  ( 0 . 0 )  ('0 . 0  ( 0 . 0 )  

C h e n o p o d l  um 0 . 8 6 2 0 . 1 7  C . 6 8 + 0 . 2 1  0 . 2 9 2 0 . 2 5  0 . 0 2 0 . 0 1  
a l  b u m  ( 1  . O )  ( 0 . 6 7 )  ( 0 . 3 3 )  (0.0) 

' Sam2ling was done jcst before spraying. 
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1 

Propagules of Fusarium spp. in soil 

a)Abandoned field, - - -  Site f 1 

- 
Tnree weeks after spraying, the number of CFU/g of Fusarium 

spp. was significantly higher in the sprayed plots'compared with 
- -- 

the control plots (Tig. 4). Nine weeks after spraying, that 

difference was ie'ss but still significant. 

Tillage of zhe sprayed plots at different intervals after 

spraying did notehave any significant- effect on levels (CFU/g) 
1 

of Fusarium spp. (Fig. 5 )  in the soil. 
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b)Cultivated field, Site 2 

During the season, the level.(C~~/g) of F u s a r i u r n  spp. in 

the control plots fluctuated significantly. In Fig. 6 one can 

visualize what was observed in the control plots by following 

the curve along <he axis .of time of observation when spraying 

time equals zero. For each time of observation, one can view the - 
effect of spraying by following the curves that are parallel to 

the axis of the time after spraying. blyphosate treatment 
i \ significantly increased the level of F u s a r i  urn spp. present in 

the soil. A maximum was reached 3 weeks after spraying. There 

followed a decline, and another increase near the end sf the 
% 

growing season (end of ~ugust). 
9 
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Crop emergence 

The emergence-of_ - Cz  cumi is s a t i  v u s  L. 'and P h a s e  s  v u f g a r i s  
-- 

--V 
/- 

L. was not affected significantly by any of the treatments (Fig. 

7). For P i s u m  s a t i v u m  L., the emergence was the highest in the 

plots sprayed 9 d before seeding. For Z e a  m a y s  L., a - 
significantly higher e m e r g e n e  occurred in all sprayed plots 

* 

than in the control plots. 
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Discussion 

Colonization of weeds 

During the  portkon of 

were recovered\  from t i s s u e  

t h e  season 

s of c e r t a i  

f a  

under 

n p lan  

s t u d y ,  F u s a r i  urn spp: 

t s  t h a t  had not  been 

t r e a t e d  with g lyphosa te .  ~ e c o v e r i e s  were p a r t i c u l a r l y  f requent  
I 

i n  t h e  p l a n t s  of t h e  a  ndoned f i e l d  ( s i t e  X 1 1 ,  a s  wel l  a s  i n  P 
P .  p e r s i c a r i a  and C .  a b u m  growing i n  t h e ' c u l t i v a t e d  f i e l d  ( s i t e  L 
4 2 ) .  I n  P. l a h c e o l a t a ,  n a t u r a l  c o l o n i z a t i o n  of c o n t r o l  p l a n t s  

by F u s a r i u m  spp. inc reased  dur ing  t h e  per iod  of obse rva t ion  t o  a  

l e v e l  a s  h i g h . a s  t h a t  observed i n  t h e  g lyphosa t e - t r ea t ed  p l a n t s .  

Never the less ,  t he  p l a n t s  t h a t  were nqt t r e a t e d  wi th  g lyphosa t e ,  
I +, 

* b u t  co lon ized  by F u s a r i  urn spp. looked v igorous  and 'hea l thy .  

F u s a r i  u m  spp.  a r e  omnipresent i n  a g r i c u l t u r a l  s o i l s  

(Gordon, 1956 b 1 9 6 0 ) ,  and they a t t a c k  a  wide range of h o s t s  

(Booth,  1971).  I t  i s  not s u r p r i s i n g  t o  f i n d  F u s a r i u m  a s  a  

c 3 l o n i z e r  of p l a n t s ,  p a r t i c u l a r l y  weeds, t h a t  have overwintered.  

Kreutzer  (1972) f rgguen t ly  i s o l a t e d  F u s a r i u m  spp. from t h e  

.-h: . , , , zcsphere ,  the  rh i zop iane ,  and t h e  i nne r  roo t  of many 

g r a s s l a n d  s p e c i e s .  F u s a r i u m  spp. w i l l  have a b e t t e r  chance t o  

- ,  
z3rr,lnna t h e  niche c r e a t e d  by. p i m t  -senescence . i f  they  e s t a b l i s h  

2s weak p a r a s i t e s  wher t he  p l a r z s  a r e  s t i l l  v igorous  and 

. . * 
kealthy. Cook and S r u e ~ ,  f t 9 6 8 :  5emonstrated t h a t  wheat s t r aw  

^ h *  
. . .. ..-, i rva5ed ?afas : t :~z , ,y  by F u s a r i  um c u i m o r u m  Pined 
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the last ,sampling, for each plant in which F u s a r i  urn spp. was 

observed, the fungus was consistently isolated from most of the 

plant pieces plated. An important fac~tor that can interfere with 

detection of F v s a r i  urn spp. from infected plants is 

oversterilization: colonizers increase the permeability of 

tissues, and thus,'excessive surface sterilization can result in 

complete sterilization. This effect would most likely become a 

a, factor in species Ghat have tiny roots or stems such as S .  m e e d i a  

or S. a r v e n s i s .  However, at site # 2, S .  m e d i a  and S .  a r v e n s i s  

were the weed species that showed the most'significant increase 

in colonization by F u s a r i u m  spp; after glyphosate treatment. 

Therefore, I tonclude that oversterilization did not affect 

significantly the recoveries'of F u s a r i u m  spp. from infected 

tissues. 

The major possible source of bias in this investigation 

came from the random sampling technique for the weed plants. At . 

:he time of the last sampling in both sites, many of the sprayed 
1 

weed plants were simply gone. Consequently, the probability of 

sampling weed plants that were less affected by glyphosate 

zrearment was increased proportionally to time after spraying. 

-h: explains why E. c r , u s g a l /  i could not be sampled at day 14, 

2 n d  alsc the drop in observed proportion of colonized plants at 

:he last saapling in several weed species. 

~ u s e r i u k  spp. are well adapted to establish Themselves 

2arasicically within weakened Jlants (Cook, 1969) .  Glyphosate 

:rea:mer,t ?rovi?eS an advant a6 e to F u s a r i u m  spp. by facilitating 



the colonization of some of the weed species studied. This is 

further supported by the fact that the F u s a r i u m  spp. isolated 

are known plant pathogens and also by the work of Johal a n m a h e  

( 1 9 8 4 )  concerning the role of plant pathogenic fungi on the 

herbicidal action of glyphosate: metalaxyl, a fungicide specific 
$3 ' 

againkt pythiaceous fungi and inactive against ~ v s o r r  urn spp. 
' ,  

blocked the herbicidal effect of glyphosate in the presence of 

P y t  h i  urn spp. but not F u s a r i  urn spp. 

Level of F u s a r  i urn in the s o i l  

Wainbridge ( 1 9 8 2 )  showed clearly that, in the dilution 

technique, the colony counts were largely representing the 

fungal spores. Therefore, in the following discussion, unless 
+ 

otherwise stated, F u s a r i u m  level, propagules, or CFUJg, refer to 

the number of viable conidia or chlamydospores/g of dried soil 

as-manifested by colony production.. 
7. . . 

At both sites, the F u s a r i u m  spp. level in the control plots 

fluctuated durinq the season (Fig..6). In the field with.annua1 

weeds (site = 2 ) ,  the extremely dry conditions that began about 
I I 

the beginning of 3une could explain the decrease iq propagules 

observed durinq ihe period from Jund 22 to Zuly 18 (~ig.6). The 
-- 
subsequent increase c o ~ l d  be partly explained by the 

I ' 

renoistening of =he 5ried sci:, a process that is known to 

. . r e l e a s e  ni~rogenozs mz:eriais and consequ~ntly cause a sudden 

increase ic niLiiiier an5 activizy of microorganisms  ste evens on,^ 

. . .  . . 
' S 5 6 ) .  :I? ass:=:o:, 5ecay ~f :he tilled macerial in the control 



e 

plots of site + 2 ,  and of the naturally senescent plants in site 

$ 1 ,  may have contributed to the observed increases? Naturally 

occurring increases in soil microbial activity have been 

observed in tne middle of the summer by Snyder and Nash (1968). 

kt both sites, the level of Fusarrum spp. was significantly 

increased in the sprayed plots when compared with the control 

plots. Maximum differences occurred at 3 weeks' fter spraying at P 
r 

--. both sites, but this time of maximum differencd is better r- 

supportedfor site 5 2 becabse many samples were taken at 
/ I  .. \ 

"---' regular intervals for 74 days after spraying. 

In site e2, t h e  cbserved increase in Fusarium level was 

followed by a decrease and then a.second increase. I can only 

speculate'about the reasons for this phenomenon. Increased 
e \ 

, activity of some microorganisms antagonistic to Fusarium spp. 

may have occurred as a delayed response to some effects of 
m 

spraying with glyphosate. Antagonistic activity could have 

contributed to the observed decrease in Fusarium levels. The 

second increase'might have resulted from a decline in antagonism 

, 3s whatever factor respnsible for its increase was exhausted. 
3 

Y L e  cbserved ircrease and decrease of Fusar~um spp. levels due 

- - 4  P a~tagonistic r.icro3rcanisrr.sl could have been synergistically 

affeczecl by flxc'uarions in percentage germination of conidia or 

zr.larry3~spores 3f Fusarlur spp. I t  has been demonstrated that as 

- .  . " " C  1 
. * - - . . - c l a d  GT cr.-acy;J2s?=re rie~sity of_Fusar~ urn sol an1 (Mart.) 

S3:c. increzses..c5e ?ercen;ace germination of those propggules 
4 

. -. iGr:: : : r ,  ' $ 7 ~ ;  G ~ ; ; = :  --&-n and Ford, 1 9 7 4 ) .  The second 



increase could as well have been provoked by the colonization of 

the weeds that emerged after the application'of glyphosate: some 

of these weeds were senescent when the second increase was 
i_ 

, observed. - , 

t In site $ 1 ,  it was expected that tillage would favor the 
3 

production and the distribution of Fusarium propagules.  his 
d 

outcome was not observed, possibly because the roots formed such 

a compact mass at this sitelkand propagules of Fusarium were 
- - 

already well dispersed within the undisturbed sod. 

The application of a herbicide over a certain area creates 
'\. 

so many changes in the environmen; thajit becomes difficult to 

pinpoint the cause of an observed fluctuhon in the microflora 

(Smith, 1 9 8 2 ) .  Nevertheless, for the follow* reasons, I 

conclu&e that the number of. propagules of Fusari urn spp, 

increased in the soil after they had built up on the tissues of 

some of the weeds that had been treated with glyphosate: 
\ 

1 .  In v l t r o ,  giypnosate inhibits the growth of many pathogens 
, 

(Harris and Grossbard, 1979; Stedman, 1982) including 

,Fusarium spp. (Browc and Sharma, 1 9 8 4 ) .  

2. when incorporate5 eirectly into different types of soil, 

sly2hosate has no significant effect or either total number 

of microorgarisms, emission of CO,, or N uptake of those 

3. Since :he nobllizy of glyphosate is very limited in the soil 

{Sprankle e t  a ! .  ' 9 7 5  arb), and a very small fraction of 

. .  . . 
wh3r is a;3-1e3 1 s  exuiie5 from the roots of treated weeds 



/ 

(Coupland ei 1 , 1979 & 1 9 8 1 ) ,  it is unlik$jly that , 
LJ 

glyphosate, when applied at a normal field dose, would.be 

more inhibitory to antagonists or c~mpetitors of Fusarium 

spp. than to Fusarium spp, per s e .  
6 

b 

4. The increase in- Fus ar i um spp. level was observed in 2 sites 
% 

where conditions were different: 
5 

a. In site tl where the control and the sprayed plots were 

left undisturbed, the first sisnificant difference was 

observed when the canopies made by the sprayed plants .. 
were chiorotic but still dense. Canbpy removal is one of 

the major causes of environmental changes induced by 

herbicides. This enyironmental modification had not 

occurred wher: the significant hcrease was observed. 

b. In site =2, the control plots were tilled a%d the 

sprayed plots left undisturbed. I f  anything, the tillage 
B 

should have increased the F-usari urn levels in the cohtrol 

plots by enabling the fungus to build up on the plants 

that were colonized before tillage. ~oreover,'Fusarium 

spp. are not adapted t c  anagrobic conditions (Sto~er, 

1953), therefore tiiiaae would not have been detrimental 

in that respect. 

5. Ine applicatior. of giyphosate was followed by increases in 

the prop6rtio~ of p;an:s kclonized by Fusarium spp. in the 
. . rna:orl:y of t h e  weed species studied. As those plants died, 

Fusarlum spz. likely exploited their advantage as pioneer 
I - 

cclozists iz orSer zo buil6 up their inoculum levels. 



I Crop emergence 

I demonstrated that in a field with a dense cover of annual 

weeds, regardless of the length of the interval betwe;?n spraying 

and seeding, crop emergence in glyphosate-treat.ed plots was no 

lower than in tilled plots. On the emerged crop seedlings, there 

were no visual signs or symptoms of parasitism by Fusarium spp. 

It is possible t h a t  an effect on yields could have been 
9 

observed, but the weed competition varied- so much between 
, 

treatments that the results would have been meaningless. I n  - 

order to obtain conclusive kesulgs about gsouth parameters, the 
I 

newly emerging weeds should have been removed by hand as they 

were c~ming out. Unfortunately, the human resources involved in 

this resea'rch project were insufficient to accomplish this task. 

The lack of ' a  decrease of crop emergence due to glyphosate 
-, 

should not be ex;rapolaced to other conditions.. Lynch andlPenn 

f : 9 8 3 )  reported chat glyphosate application to weeds'resulted in 
I 

s ~ s r  eszaS4"ishizent a24 5 e a t k  of cereals, and concluded that . 

Fzsartum c u l m o r u ~  na5 caused =he damage by building up on the 

, . - -L.,z~m~s, - . a n 6  a l s c  by liberazing some toxins Guring the decay 

;recess. The ars2r.t 3f vee5 root biomass present in the soil 

- .  
x?e-  gly~imssze i s  e?;-:ed seem5 to be an important factor in 

. . -. e' :-.:s 2rocess. - 2 2  g r e z r e r  ~ n e  zoct biomass available as a 

- " ' p - C  
. . 

_Uw-,.L,i31 S U ~ S Z ~ ~ : ~ ,  :he Z:CJ:?PT the number of Fusarl urn 

- - A -  I-vda~:les =ha: ' c z n  be ?roiare3. k t  :he 2 sites, the zverall - - 



number of C F U / ~  were in the  same range, but the  maximum 
i 

d i f f e r e n c e  i n  C F U / ~  observed between the  con t ro l  and t h e  sprayed 

p l o t s  was 2 times l a r g e r  i n  the  f i e l d  w i t h  weeds. - 

Also, more toxins  would l i k e l y  be l i b e r a t e d  by the  decay processd 

if more biomass was a v a i l a b l e .  





~ h a l .  (~tAlker e t  n i .  , 1985). This agrotechnical change raises 

many problems and questions: I 

If resistant crops can be produced by breeding, it - is likely 
that resistant weeds will emerge. 

The North American agroecosystem is characterized by 

monocultbres that have a frightfully high level of genetic 

homogeneity; this new development is likely to increase this 

level even more. . 
What would be .the environmental impacts of using this / .  
herbicide'on a very large scale? 

The efficacy of glyphosate varies. If its use is to become 

more widespread? rhe instances wherz the herbicide fails 

will become more frequent. Therefore, more research. on the 

modes of action will be needed in order to optimize the 

efficacy of glyphosate. A greater emphasis will have to be 

' put on the research on the,effect of plant pathogens as 
. - 

causal agents of glyphosate-induced crop damage, and on 

their role in the herbicidal action of glyphosate. 

/ 
 his research project has demonstrated that no more day'age 

I 

xas done to beans, corn, cucumber, or peas when 

-?---?--,, 

\ 
. ~ s e d  for co~tTolllng a aense population of 

xhen tillage was utilized. At 

=f representative qlyphosate-treated weed species were Fusarium , 

sz? . , , I t  is nor finovn gnat would be the effect on the crops grown 
i 



in soi1,in which other fungi, e.g. Pythium spp., would be the , -  
r 

f. 

primary colonizers, or where the root biomass would be laiger, 4 

e.g. in abandoned fields. For cas$s in. which- the use of a 
, 

chemical resulted in an increased incidence of- diseases, Altman 

and Campbell ( 1 9 7 7 ) '  recoqmended the use of other techniques to 

solve the new problem, e.g.<another chemical or resistant 

varieties. I do not agree with this; ra'ther I agree with 

~riffiths (1981f'who recommended, for such cases,'to revi.se the, 
9 .  

protection program in. order to avoid the secdndary probJem. I 
4 

believe that the simplest way to avoid herbicide-indlased disease 
-+ 

injury on crops, would be to find the optimal interval between 

seeding and spraying. F u s  a r  i urn glyphosate 

treatment on weeds were shown ,to be damaging to seeded crops, it 

should be possible to exploit the fluctuations in F u s a r i u m  spp. , 

level following treatment in order to'minimize crop injury. 

Glyphosate can also be used in sylviculture. When applied 

after formation of final conifer restingc buds, and 3-4- weeks . 

before leaf senesceqce of the brush species to be ~ontr~olled, it 
. , 

does not affect the conifers (Monsanto, 1 9 8 3 ) .  The effects of 

glyphosate on root rot orgar.isms should be-better understood 

before any large scale application of this compound is- 

~ndertaken, For instance, the role of root rot organisms in the, 

herbicidal action af cjlyphosate when applied in forests should 

be clarified. 1: is 2ossible that some colonizers will build yp 

3s the brush s=cics ~o a icvci that will be detrimental--to the 

. - . . ca?.l:er crop. In = z : s  situatior, it is unlikely that F u s a r i  urn 
- 



, 
spp. would'be important colonizers 'since they are - 
forest s o l s  Gordon, 1956; Menzinger e 1 .  1966; , i/ 

* 
' 1970). However, Armi  f 1 a r i  a  spp. , P h e l l  i nus spp. , or Phoma spp. 

are common in forest soils and have wide host range-s; 
5 consequently they could caus~significant' losses. If one wants 

to study these questions, the first step would be'to determine . 
what are the main colonizers of the brush species that have been 

.sprayed with glyphosate. The level of root-rot organisms in 

those- stands should be assessed and compared with levels in 

stands where7;'other brush control techniques have been used. The 

.major challenge in investigating this pot'ential problem is that 

injuries to the crops could be noticeable only many.years after % 

. L- 

the application of glyphosate, / 

Glyphosate is a useful herbicide. Its utilizati'on wifl 7 

/ 

continue and/or incwase. I have demonstrated that the use of 

this herbicide to control weeds can lead to an increase in - . 
a 

sol 1-borne propagules of Fus  a r  i urn spp. ~ h e v e r ,  before any 

,concrete recommendations that would minimize the potential for 

Eerbicide-induced damage can be formulated for ,the use of 

;ly?hosate in. agriculture or sylvi-culture, questions related to ' 

nost and site specificity and the effects of physical , 

environments variables must be addressed. A 

b 

* 
1 



3 .  .- 

'LITERATURE CITED 

Altman, J., and C.L. Campbell. ,1977. Effect of herbicides on 
plant disea'ses. Ann. Rev. Phytopath. 15:361-385. 

Baillie, A.C., J.'R. Corbett, J,.R. Dowsett, and P. McCloskey. 
@ 1972. Inhibitors of shikimate dehydrogenase as potential 

herbicides. Pesticide Sci. 3:113-120.s 

Booth, C. 1971. The  enus us F u s a r i u m .  Commonwealth Mycological 
Institute, Kew. 237 pp. 

Brown, A.E., and H.S.S. Sharma. 1984. production of 
polosaccharide-degrading enzymes by saprophytic fungi from 
glyphosate-treated flax and their involvement in retting. . 
Ann; Appl, Biol. 105:65--74.. 

~rusko, M. 1983. Designing a new nature. New Farm. July/August. 
1 5:17-18. . 
Chrol, E. et G. Seguin. 1982. Influence des*herbicides sur la 

microflore des sols viticoles du Bordelais. Comptes Rendus , 

des Shances de 1'~cadhmie d1Agriculture de France 
68 : 804-'807. 

Cole,,D.J., J.C. Caseley, and A.D. Dodge. 1983TInfluence of' 
glyphosate on ,selected,plant processes. Weed Research 
23: 173-183. 

cook, R.J. 1969:'International Workshop on F u r o r r  urn, 1 I th-13th 
July 1968. A report of discussions and outcome. Bull. 

' Brit. Mycol. Soc. 3:15-18,55-58. - - -  

Cook, R.J., and G.W. Bruehl. 1968. Relative siqnificance of ' 

parasitism versus saprophytism in eoloni6ation of wheat - - straw by F u s a r i u m  r o s e u m  'Culmorum' in the field. 

Coupland, D. and J.C. Caseley. 1979. Precence of ''C activity in 
root exudares and guttation fluid from A g r ' o p y r o n  r e p e n s  
treated with 14C-labelee glyphosate. New Phytologist 
83: 17-22. 

Coup?and, D., an5 P.J.W. L u t m a n ,  1982; Investigations into the 
movement of glyphosat5from treated to adjacent untreated 

I plants. Ann:kppl. Bioi. 101:315-321. i 

Coupiand, D., 2nd D.V. Pea~ody. 1981. Absorption, translocatioa, 
an6 exu6a:icrs of glyphosate , fosamine, and amitrole in . . 
field horse-ali ( E q u r s e f u m  a r v e n s e ) .  Weed Science 
29:556-563, 



i 

Darvill, A.G., and P. Albersheirn, 1984. Phytoalexins and their 
elicitors - A  defense against microbial infection-in 
plants. Ann. Rev. Plant Physiol. 35:243-35. 

DeGennero, F.P., and S.C. Weller. 1984. Differential 
susceptibility of field bindweed ( C o n v o l  v u i  u s  a r  v e n s i  s )  
biotypes to glyphosate. Weed Science 32:472-476. 

Deverall, B.J. 1977. Defense Mechanisms of Plants. Cambridge 
Univ. Press. Cambridge. 1lOpp. 

Dewick, P.M., and M.,J. Steele. 1962. Biosynthesis of the 
phytoalexin phaseollin in P h a s e 0 1  u s  v u l  g a r i  s  . 
Phytochemistry 21:1599-1603. 

1 
Engelman, L. 1983. PLR, Stepwise logistic regression. Pages 

330-344 i n  W.J. Dixon, ed. BMDP Statistical Software. 
Univ. Ca. Press. Berkeley. 733pp. 

Frane, J. 1983.,P9R1 All Possible Subset Regression. Pages 
264-277 r n  X . 3 .  Dixon, ed. BMDP Statistical Software. 
Univ. ca., bress., Berkeley. 733pp. 
b 

Franklin, M.T. 1973. Interrelationships of nematodes, weeds, 
herbicides, and crops. Proc. 10th Br, Weed Control Conf. 
10:927-933. 

Gomez, A.K., and A . A .  Gomez. 1984. Chap 9 I n  Statistical 
Procedures for Agriculture research. 2nd ed. Wiley and 
Sons. N.Y. 680 pp. 

* 

Gordon, W.L. 1956. The oczurrence of F u s a r i u m  species in Canada. 
V.  Taxonomy a63 qeographic distribution of F u s a r i u m  
species in soil. Can. J. Bot. 34:833-846. 

G~rion, W.L. 1960. The taxonomy and habitats of F u s a r i u m  species 
from tropical and temperate regions. Can. J. Bot. 
38:643-658. 

Gresshoff, P.X. '979. Growth inhibition by glyphosate and 
reversal of its action by phenylalanine and'tyrosine. 
k u s t .  2 .  P,Lant. ?hysioi. 6:i77-185. : 

G r i f f i r ,  G.J. 1 5 7 3 .  Carbon and ritrogen requirements for 
> - ,  . macroc~r,:c:al oer~ication by F u s a r i u m  s o l a n i :  dependence 

an c o n i d i a l  5ensity. C a n .  J. MicrobioJ. 16:733-740. 

- . = = :  uri.-rc, G.;., and 2 . E .  Fcrd. ' 5 ? P .  Soil fungistasis: fungus 
spore gerTinatizn ir scll at spore densities corresponding 
:c na:ural p p ~ l a : l o n  leveis. Can. 3. Microbial; 
2 C : 7 5 ! - 7 5 4 .  

/' 

s-:  ": ' - s L ' 3 2 ' .  :s:ro?erlc plant 6iseases. Ann. Rev. 



Phytopathol. 19:69-82. 

Harris, D., and E. Grossbard. 1979. Effects of the herbicides 
~ramoxoneQ and ~oundupa on S e p t o r i a  n o d o r u m .  Tr+ns. Br. 
Mycol. Soc. 73:27-34. 

Heathcote, G.D. 1970. Weeds, herbicixes, and plant virus , 
diseases. Proc. 10th Br. Weed ConTol Conf-. 10:934-941. 

\ 

Hoagland, k.E., and S:O. Duke. 1982. Biochemical efects o 2 
' glyphosate (N-(~hosphonomethyl)glycine). Chap. 10 i n  D.E. 

Moreland, J.B. St.Johp, and F.D. Hess, eds. B'iochemical 
Responses Induced by Herbicides: based on a symposium. 
American Chemical Soc. Wash. 274pp. 

Jaworski, E.G. 1972. Mode of action of N-Phosphonomethylglycine: 
inhibition of aromatic amino acid biosynthesis: J. Agr. 
Food Chem. 20:1195-1198. 

Johal, G.S., and J.E. Rahe. 1984. Effect of soil-borne 
plant-pathogenic fungi on the herbicidal action of 
glyphosate on bean seedlings. Phytopatnology 74:950-955. 

Katan, J., and f. Eshel. 1973. Interactions between herbicides 
and plant pathogens. Residue Rev. 45:145-177. 

Kavanagh, T. 1969. The influence of herbicides an plant 
diseases. I. -Temperate fruit and hops. Sci. Proc. R. 
Dublin. Soc. Ser. B 2:179-190. 

. 1974. The influence of herbicides on plant diseases. 
11. -Vegetables, root crops, and potatoes. Sci. Proc. 
Dublin Soc. Ser. p 3:25T-265. 

Kreutzer, W.A. 1972. F u s a r ~ u r n  spp. as colonists and potential 
pathogens in root zones of grassland plants. 
Phytopathology 62:1066-1070. 

Lee,  E.T. 198G. Pages 355-365 I n Statistical met50d faresurvival 
data a n s s i s .  Life~bme~Learning Pub. Belmont CA. 557pp. 

. - '  ,:m, G., and C.H. Chew. 1970. F u s a r i u m  in Singapore soils. Plant 
soil 33:673-677. 

Lynch, J.M., and D.J. Penn. r980. Damage to cereals caused by 
decayin9 wee5 residues.'~. Sci. Food Agric. 31:321-324. 

t.fonzinger, W . ,  T . A .  Toussoun, and'R.S; Smith Jr. 1966. Reduction 
of F u s a r i u r  o x y s p o r u n :  population in soil by aqueous- 
extracts 3f $ne duff, Phytopathology (Abstracts) 
56:889-e90. 

Honsazto CORP. : 9 3 2 .  Guide for ~oundup@ Herbicide. 



Monsanto CORP. 1983. ~oundup@, Sylvicultural Use, Label. ,. 
Nash, S.M., and W.C. Snyder. 1962. Quantitative estimations by 

plate counts of propagules of the bean root rot F u s a r i u m  
in field soils. Phytopathology. 52:567-572. 

Oswald, A.K. 1.980. Progress in the development of the selective 
application of herbicides to control R u m e x  o b t  usi f o l  i us in 
grassland. Proc. 1980 Br. Crop Protection Conference-Weeds 
1:209-215. 

- 
Rubin, J.L., C.G. Gaines, and R'.A. Jensen. 1984. Glyphosate 

inhibition of 5-Enolpyruvylshikimate-3-Phosphate Synthase 
from suspension-cultured cells of Ni c o t  i a n a  si l v e s t  r i  s  . 
Plant physiol. 75~839-845. 

% V 
Smith, A.E. 1982. Herbicides and the soil environment in Canada. 

Can. J. Soil Sci. 62:433-460. 

Snyder, W.C., and S.M. Nash. 1968. Relative incidence of 
F u s a r i u m  pathogens of cereals in rotation plots 'at + 

Rothamsted. Trans. Br. Myc~l'. Soc. 51:417-425. 

Sprankle, P., W.F. ~eggitt, and D. Penner. 1975. Rapid 
inactivation of glyphosate in the soil. Absorption, 
Mobility, and Microbial degradation of glyphosate in soil. 
Absorption, Action , and Translocation of glyphosate. Weed 
Sci. 23:224-228, 229-234, 235-240. 

Stalker ,D.MI, W.R. Hiatt ; and L7Comai. ,985. A single amino 
acid substitution in the enzyme 5-Enolpyruvylshikimate- 
3-phosphate synthase confers resistance to the herbicide A 

glyphosate. J. Biol. Chem. 260:4724-4728. 

'~tedman, O.J. 1982. The effect of three herbicides on the number 
of spores of R h y n c h o s p o r i u m  s e c a l i s  on barley stubble and 
volunteer plants. Ann. Appl. Biol. 100:271-2-79. 

Szeinrucken, H . C , ;  N. Amrhein . 1980. The herbicide glyphosate 
is a.potent inhibitor of 5-Enolpyruvylshi.kimic 
acid-3-phosphate Synthase. Biochem. ~iophys. Res. domm. 
94: 1207-1- 

.1984. synthase of 
Kl r b s i e l l a  

S=evenso~, I.L. 1956. Some observations on the microbial 
activity in remoistened air-dried soils. Plant Soil 
8 : ? 7 9 - 1 8 2 ,  

Szover, R.H. 1953. The effect of soil moisture on F u s a r i u m  
species. Cac. 2 .  Bot. 31 :693-6g7, 

9 



vai~tten, H.D., and S .G. Pueppke. 1976. Isof lavoncid 
phytoalexine. Pages 239-289 i n  J. Friend and D.R. 
Threlfall, eds. Biochemical Aspects of Plant-Parasite 
 elations ships. Academic Press, London. 354pp. 

~ a i n w r i ~ h t , ~ . ,  and G.J.F. h g h .  1975. Effect of fungicides and . , 

frequency of cellulolytic fungi in soil-. Plant Soil 
43:561-572. , 


