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ABSTRACT
Glyphosate (Roundu§®) is a broad spectrum herbicide that
éanksuppress 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 théée
reasons, and because glyphosate céan caﬁse root rOtflike damage
on crops, this study was undertaken to investigate the effect of

gl§phosa;e‘oq/tpe soil-borne root colonizing Fusarium spp. .

— ~

SR . : . k
The research was conducted at 2 sites. Site % 1 was densely .

covered with perennial weeds, and site:# 2 with annuals. At site
# 1, spraying the weed cover with glyphosate increased (p <
0.055 the level of colonization by Fusarium spp. in Ranuncul us
~repens L. and Holcus lanatus L;, but not in Stellaria media'(L.f
Vill., and Plantdgo lanceolata L. At Site # 2, glyphosate
enhaéced colonization in Spergula arvensis L, , Ste[léria media
(L.) Vill., Echifodhloa crusgalli (L.) Beauv., and Chenopodi um
al bum L., but not in Capsella bursa-pastoris (L.) Medic. and

Pol ygonum persicaria L. At both sites, the number of.coiony
forming units of Fusarium spp./g of dried soil was increased by
the application of glyphosa&s::Nevertheless; crops that were

sown in the field containing the annual weeds were not

detrimentally affected by glyphosate treatment of these weeds.

Prom these results, and from evidence in the literature, it
s concluded that rapid colonization by Fusarium spp. of some
weed species occurs following treatment with glyphosate and

causes an increase in the number of propagules of Fusarium spp.

111
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in soil. Curﬁfnt and future uses of glyphosate are discussed in
relation to E%e,management of diseases that are a result of weed

-

.

control practices. l , .
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RESUME |

Le glyphosate (Roundup®) est un herbicide gui peut détruire
presque toute végétation. Il a été démontré gue les cgampﬁgnéns
pathogénes du’sol jouent un rdle important dans l‘action
hérbicidale du glyphosate. Pour ces ra{;ons et aussi parce que
‘lé glyphosate peut endommager les cultures en provoguant ﬁne
pourriture de leurs racines, cette étudé sur les effets du
glyphosate sur‘le genre f;sariuh, un chappignon d'origine
ddaphique aoht font parties plus}eurs espéces pathogénes, a été
entreprise. l

Le travail de chamﬁ eut-lieu & 2 endroits. Il y avait une
forte densité de mauvaises herbes vivaces au site # 1 et
'd'annuelleg_au au site # 2, Au site # 1, lagpﬁﬁication du
glyphosate a augmenté (p < 0.05) le taux de plantes enva@ies par
Fusariumxspp._chez Ranuncul us repéns L. et Ho[cLs lanatus L.,

mais cet effet n'a pas été observé chez Stellaria media (L.)

Vill, et Pl&nzago lanceolata L. Au site # 2, le glyphosate a eu

‘.

l'effet d'accroitre le taux de plantes envahies par Fusarium
spp. chez Spergula arvensis i., Stellaria media (L.) Vill.,
Echinoch[éa crusgalli (L.) Beauv., et Chenopodium al bum L., mais
tel ne fut pas le cas pour Capsel)& bursa-pasto}is (L.) Medic.
et Po!ygoﬁum persicaria L, Aux 2 sités, l'application du
glyphosate sur les mauvaises hérbés a accru le_nombre de germes
dés Fusaria/é de scl sec. Néanmoiﬁs, l'application du glyphosate

sur les mauvaises herbes n'a pas affecté négativement

. émergence des cultures semées au site £ 2.
%,
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% partir de ces résultats ainsi‘qpe d'auﬁreé publiés par
divers auteurs, il est conclu que les ‘tissus des plantéé
trgitées ab glyphosate sont rapidement envahi's péﬂFFu;arium spp.
etrqu'un accroissement du nombre de gefmes de Fusarium spp. dans
le sol s'ensuit. Les perspectives d'avenir du glyphosate sont.
discutées er relation avec la protection des-cultures contre les

maladies issues des technigues de contrdle des mauvaises herbes.
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é - Introduction ('/’
Glypﬁosate (Roundup®) is avwater soluble herbicide that
- kills moé£ herbaceous plants when applied as a foliar spray
(Monsanto, 1982). In many annualAand perennial species, thi§
herbicide is rapidly absorbed and translocated downward thrdbgh
the vascular tissues into the roots (Sprénkle e’,al" 1975c;
Coupland et al., 1979 & 1981). About s'days after treatment,
reépiration and photosynthesis are gradually inhibitéd and
approximately one wegkrlater’chlorbsis israpparent (Sprankle et
al ., 19759). Glyphoé%tg has a rapid effect on.many biochemical
pro;esses taking place‘in higher plants (Hoagland and Duke,
1962; Cole et a;., 1983), but the only effect proven to be a
primary mode pf‘action is the inhibition of the enzyme
5—enolpyruvxlshiiimate-3-phosphate synthase iﬁvolved in the
.shikimic acid pathway (Steinriicken and Ahrhein, 1980 & 1984;
Rubin et al., 1984). This pathway leads to the synthesis of
phenylalanine, from which phytoalexins are derived (VanEtten énd
Pueppke, i976;»De;ick and Steele, 19?2). Phytoalexins are
involved in mechanisms of diseasé resistapce of plants
(Deverall, 1977; Darvil# and Albersheim, 1984).

These facts comprisé the ratio?ale fof‘a study in_which
glyphosate is being used to investigaée the association of
phypoalexin production with resistance of bean plants, Phaseolus

vulgaris L., to anthracnose, Colletotrichum [indemut hianum

{Sacc. & Magn.) Scribner. During Ehe early stages of this .

*
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investigation, Johal and Rahe (1984) showed that bean plants
treatéd with a certain dose of glyphOsate died when grown in
non-sterile soil, but survived in sterilized séil. They
demonstrated clearly that the death of the treated bean plants
was due to fungal colonization of roots, priﬁcipally by Pyt hium
spp. and Fusarium Spp. Lynrch and Penn (1980), as well aslBrown
and-Sharma (1984) sh&wed that élyphosate-treated plants,
respectively, guackgrass, Agropyron repens (L.) Beauv., ané
flax, Linum usitatissimum L., were rapidly colonized by fungi.
However, théy did not link the fungal coloniza;ion‘with the

herbicidal action. _ .

s

- Many herbicides influenée negatively or positively the
inciaence of diseases én crops (Katan and Eshel, 1973; Altman
and Campbell, 1877; Griffiths, 1981; Smith, i982). The
interactions that have been investigated the most are:

1, Herbicide-péthqgen,
a. effegt on growth,
b, effect on the viﬁulence of the;pathoéen.

2. Herbicide-host, .

a. effect on defense mechanisms,

b. effect on exudation from host tissues.

(9% )

. Herbicide-antagonists or competitors-pathogens, the indirect
effect on pathogené through inhibition or enhancement of
competitors or antagonists.

Herbicides also indirectiy &ffect crop.diseases by

eliminating weeds and cause changes in microclimate that modify

%
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My objective was to investigate in the field some aspects
of =he indirect effects of glyphosate on Fusarium spp. and on

crops. Fusarium Spp. were tne most common fungal colonizers at

3

che 2 sites studied: in sites ! and 2, 58 of 58 and 134 of 416
fungal isolates, respectively, were identified as Fusarium spp.
Glyphosate was the ideal candidate from among the large. number

of-various herpicides by reasons of its mode of action that

suppresses some defense mechanisms in a broad range of plants
: { '

hY

che possibility that its herbicidal action

(o1

(G:esshoﬁf, 16755 an
{s partially mediz:zed oy root colonizers (Johzl and Rahe, ig&@).
The hypotheses tc De Investigated were: o

. that Fusdrzum sop. colonize some or all the weed species

sreated wher clvphosate 1s applied at the recommended
-t b

increase in fungal propagules in the
scil is dependen= on the time’elapsed between spraying and
+ime of observation, or between spraying and tillage.

’

. Fusarium spo. enhanced by clyphosate treatment of weeds can

L

o




Materials and Methods

Site = 1 »

.

Tnis site is,an abandoned field near aldergrove, British

Columpia. The field had a dense cover of predominantly perennial

-~
~

grasses and brcadleafed weeds, and an annual weed (Stellaria
media (L.) Vill.) tna: successfully overwintered (Table I). The .

s5il was a Columbia lcamy sand. The treatments (Table II) were

applied on 2x6 m plots. They were replicated 5 times and laid

,
'

out in a randomized complete block design. On June 12, 1984,
clyphosate was applied with a back pack Solo® sprayer at the
rate recommended for the cantrol ofvperenniai weeds, i.e. 7.0 L
cf Rbundup®/ha (2.52 kg a.i./ha). L

Three, 11 and ‘8 & after spraying, one plant of each of 4
weed species (Table I, was randomly sampled from every
neon-tilled piot. For each plant, the following procedure Was
::edf the roots were washed in running wéter for | /;
roximately 2 min Three 1 cm pieces of root were excised from
the upper portion of the root zone (sections of young lateral or
advencitious roo=s zaken 2-8 cm below soil line), and, except
sr S mediag from which cnly roct pieces were taken, three 1 cm
oieces were cuU: from :zhe base of the stem. These pieces were

v ' ~

NaOCl, plated on potato

—
o

s_rface sterilized fer Z min irn

in dark at 23z2°C. After 4 4

[N

®xTros8e agar “PJAJ, and incudbate

J\Y

(6]



Table 1

List! of the weed species sampled in sites 1| angd 2.

¥

Site Commcn rama Latin name AnnuJQ(A)
Perenntial(P)
1 Velvet grass Holcus lanatus L. P
Chickweed Stellaria media (L.) Vill. A
Narrow-leaved plantain Plantago lanceolata L. P
Creeping buttercup Ranunculus repens L. P
* -
2 Shepherd’'s-purse Capse!la bursa-pastoris (L.) Medic. A
h e
Chickweed Stellaria media (L.} Vill. <A
Corn sourry Spergula arvensis L. , A
Lady s~thumb Polygonum persfcaria L. A
Barnyard grass Echinochloa crusgallf (L.) Beauv. A
Lamb s-guarters Chenopodium album L. A
The names appear i~ decreasing order according to density.
”1
J
’
e D T
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Table 11 List of treatments applied in sites 1 and 2.
Site Treatment Application of glyphoéate Tillage
number .
1 1 None . F ) None
2 Yes None
3 ’ Yes 1 week after spraying
4 Yes 2 weeks after spraying
: 5 Yes 3 weeks after spraying
R .
= 2 3 . E 4
2 1 None ) 16 days before seeding!
2 16 days before seeding! None
3 S days before seeding None .
4 At seeding None
5 Just before emergence None

A1) plots seeded between July 8 and July 12.
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the tissue pieces were scored for presence or absence of

;Fusarium*spp. For any ambiguous cases (absence of spores,

contamination,getc.), hyphal tips of fungal colonies wereb
transferred %o a Fusari&m-seléctive médﬁﬁm (Nash and Snyder;
1962). Single spore cultures;representing the major morphotypes
of Fusarium spﬁ. isblated were sent to the Bios;stematics
Research Institufe, Agricuiture Canada, bttéwa fof ‘
id?ntification to species. The fogistic regression (Lee, 1980;
Engelman}\?83) was used for analysis of data on colonization of
weed species by Fusarium spp.

Three and S w after spraying, a .composite soil sample madev
up of 15, 2.5x10 cm cores was collected from everfrplqt. The
samples were kept at about'4'C_until processing. In the
laboratory, each composite sample was mixed again and 2
subsamples were taken wigh a gterile spatula which gxcluded
organic debris or stones larger’than approximately 3-4 mm“
diameter. The first subsample was used to determine soil
moisture ievel and the second for dilution plating. For
determination of soil moisture, a 5-10 g subsample was weighed
at 10;0001 g before and after 6 h of drying at 105°C. For
cdilution plating, a 3-5 g subsample of soil was taken, weighed

. ) '
at #0.0001 g, transferred into 100 ml of 0.1% agar suspension in

(o]

er, and mixed on a-rotary shaking machine for 1t h.

s
t

led w

Pt

isti
One ml was taken from the suspension and transferred to 9 ml of
{.1% agar to make a ten-fold dilution. Three higher dilutions |

- - ’ N N » . % . }
were prepareé by transferring ' ml of the last dilution to



another 9 ml of 0. 1% agar. Aliguots of 0.5 ml were taken from ¢

\/

Q\\éach dllutlon for platlng on Fusarzum-selectlve medium, The

pl;$es were incubated at room temperature (23+3°C) and nominally

\ 3

16 h photoperiod. after verification of their 1dent1ty, colonies
were counted from those dilution plates that contained
approxﬁmately 20-50 of them. The number of colonies/plate was
used to\qiye estimates of colony forming units/g (CFU/g) of dry
N -
~=Til. Data from the non-tilled plots, treatments 1 and 2 (Table
II); were anafyzed using a paired-sample t-test. The data from

the sprayed plots (treatments 2,3,4,5), in randomized complete

blocks, were analyzed using an analysis of variance.

Site £ 2

The siﬁe is a cultivated field at an Agriculture Cénéda
(Agassiz) substation néar Abbotsford, British Columbia. The
field had a dense cover of annual érasses and broadleafed weeds
as of June 1984, The soil was a silt loam. Five treatments
{Table I) were épplied on 6x10 m plots that had been laid ouf in.
a Latin sguare design. Glyphosate was applied beginning on June
25, 1984, at the rate recommended for _annual weeds, i.e. 3 L of
Roundup®/ha (1.08 kg a.i./ha). ’

Th:eé plants from each of 6 weed species (Table.I) were

randomly sampled from each glyphosate-treated plot of row 3 of

the field design. The sampling was done at 0, 4 , 7 and 14 d

-

[\
Oh
(D
”

appl lication of the herbicide (Ejg. 1). The plants were

orocessed like the ones samplec in site # 1, and the_data on
/‘J 7 e

S
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G 0 4 7 14
E
B, + — 7
. 0 4 7 14
G
R’ - Cw + +
0 0 4 7 14
U . . o
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S . 0 4 7 14
P __ ’ > > i
June July - July July

Spraying and sampling schedule in site ¥ 2, Each block
or age group was sprayed on one of the 4 dates
mentioned, In each .block, plants were sampled just
before, and 4, 7, and 14 d after spraying.

'n
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colonization of weed species by Fusariuﬁ spp. anaiyzed uéing tai\l///
logistic regression. )

In every plot, 100 seeds of each of 4 crops (Table III)-
were sown; all plots were seeded between July 8 and—July 12,
ﬁach seed was individually planted at a depth of 4 cm, and
spaced by 2.5 c¢m within and 1 m betwéen the rows. Each 6x10 ﬁ
plot was divided lepgthwise into 4 subplots‘so that 4 rows of
2.5 m could be allocated to each crop. The emerging plants were
counted 2 w after seeding. and data about the proportion of
planted seeds-that emergenced were subjected to arcsine
transformation and analysis of variance for Latin sqguare
designs. Significant F—yalués (p £ 0.05) resulting from the
analysis of variance were précessed using the Newman-Keuls test.

On June 22 (before any treatement was applied), July 18
(jugt before crops emergence)} Xugust 8, and September 7, soil
‘samples were taken.from every plot for assessment of propagule
levels of Fusarium spp. The éampling and processing technigues -
were .as described for site #1. The data were subjected to a

multiple non-linear regression analysis (Gomez and Gomez, 1984;

Frane, 1983).

- ' ' ~
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Table III List of crops planted! in site ¢ 2,

Y

Common name Latin name Variety
Bush. bean Phaseolus vulgaris L, : Topcrop:
Sweet corn Zea mays L. ‘ Sunnyvee
Cucumber Cucumis sativus L. Marketer
¥
, Common pea Pisum sativum L. Littel Marvel

Pyaﬁféng done between July 8 and July 12,



Results

o,

-
¥
i

. L

Effect of gl?phosate.on colonization of weeds by Fusarium épp. 

-

a)Abandoned field, Site § 1

The ;ate of colonization of Ranunculus repens and Hol cus
lanatus by Fusarium spp. was significantly higher in
. glyphosate-treated plants than in the control plants (Fig., 2).
However, I did not detect any significant differences inrthe
colonization of Srellarig media and Plantago {anceolata.
Fusarium avenaceum 'Schlecht and Fusqriuﬁ oXysporum (Fr.) Sacc,
in a ratic of 5:1 comprised over 95% of the total Fusarium spp.

b

recovered, \
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b)Cultivated field, Site # 2

The p-values of the improvement Chi-Square (Table IV)lshow
the significance of adding ;::lpredictof’variables (independent)
in the model used fo; the analysis of the data for each weed
species. These p—values‘fulfil the same purpose as dc the ones
obtained from the‘F-value of the signf%?cance test for
additional independent variableg»in multiple regression analysis
or analysis of variance: For Capsella bursa-paszbris and
Pol ygonum persicaria the analysis indicated that a singie
constant was precise enough to represent ‘the datgl For )
Echi'aochloa crusgalli, one regression line with the 4 age groups
pooled together was sufficient. As neither the proportions of
plants colonized by Fusarium spp. just before spraying
(intercepts of -curves), nor the Zates of colonization by
Fusarium spp. between the age groups (slopes of curves) were
significantly different,lI conclude that, for E. crusgal]i, P.
persicaria, and C. bursa-pastori;, and for the period when
sampliﬁg took place, senescence had‘no cénclusive effect on the’
proportion of plants colonized by Fusarium spp. This was
especially so becausé each age group (or block) was sprayed at
-different times during a portion of the growing season (Fig. 1).

For Spergula arvensis, S. media, and Chenopodium al bum, the
analyéis Qeménstrated that the best model was one allowing

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

coclonized by Fusarium spp. (4 different slopes), and different



Table IV P-values of the improvement Chi-squares testing the
: hypothesis, that the newly added , 98t~ 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

Fusarium 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.) (3 d4.£.) (3 d.f.)
Capsella ’ 0.296 0.214 : 0.579
bursa-pastoris : .
Stellaria 0.002 0.066 0.002
medi a :
Spergula \ 0.004 0.544 0.008
arvensis : ‘
Pol ygonum ~ 0.551 0.145 0.275
persicaria
Echinochloa 0.013 0.398 ©0.423
crusgalli _
Chenopodi um . 0.03¢ 0.011 0.056
al bum
Model 1: 1 infercept ( one curve with slope=0 ) ?

16



proportions of colonized plants just before spraying (4.
different intercepts) for the ¢ age groups. However, because the
proportion of eolornized plants observed before spraying'did not
inérease consistently with time (Tablé V), I conclude that these
, v
data did not reveal any significant increase in colonization in
S. media, S. arvensis, and C. album during the time period when

the study ocurred. Conseguently, for every species studied, the

£

ata from each biocck were pooled to illustrate the effect of
clyphosate on root ¢ lonization by Fusarium spp. (Fig. 3).
The effect cf glyphosate on the rate of colonization was

significant (slope > G) in S. media , S. arvensis, E. crusgalli

and C. album, while no significant increase was detected in C.

bursa-pastoris ané P. persicaria,

s

In site = 2, F. cxysporum and F. gvenaceum in a ratio of

L]

it1 contributed to over 95% of the total Fusarium spp.

recovered.

/ .

‘.
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Table V - Estimated theoritical mean * S.E. and observed ()
' - proportions of weed plants colonized by Fusarium spp.
before spraying.

Estimated theoritical means * S.E. and observed
proportions () by age group (A-D) for the
sampling dates at which spraying took place' .

I
-

Weed v A : B C , D
species June 25 July 2 July 12 July 15
Spergul a 0.0+0.0 0.4840.24 0.040.0 0.31£0.21
arvensis (0.0) (0.33) (0.0) (0.0)
Stellaria 0.08+£0, 11 0.4620.23 0.0£0.0 0.38#0.,22
media (0.0) ' (0.0) (0.0) (0.0)
Chenopodium ~ 0.8620.17 0.6840.21  0.29+0.25 0.040.01
o album (1.0) - (0.67) (0.33). (0.0)

Sampling was done just before spraying.

e
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Propagules of Fusarium spp. in soil

a)ibandoned field, Site £ 1

B

Three weeks after spraying, the number of CFU/g of Fusarium
spﬁ.,was significantly higher in the sprayed plots compared with
the cdgﬁrol plots (Fig. 4). Nine weeks after sﬁraying, that
difference was less but still significant. ’

Tillage of zhe sprayed plots at different intervals after
spraying did not-have any significant effect on levels (CFU/qg)

«

£ Fusarium spp. (Fig, 5) in the soil.

¥
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b)Cultivated field, Site % 2

During the season, the level‘(CFU/g) of Fusafium spp. in
the control plots fluctuated éignificantly. InvFig.»G one can
visualize what was observed in the control plots by following
thé curve élong the 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

significantly increased the level of Fusariué Spp. present in
the soil. A maximum was reached 3 weeks after sprayihg. There

followed a decline, and another increase near the end of the

growing season (end of August). R

e
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- S T

Crop emergence . , , J

. N \. . f ] 'V
The emergence of Cucumis sativus L. and Phaseolus vulgaris

: o . | _
L. was not affected significantly by any of the treatments (Fig.

7). For Pisum sativum L., the emergence was the highest in the
plots sprayed 9 d before seeding. For Zea méys L., a
significantly higher emergence occurred in all sprayed plots

.

than in the control plots.

25
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Discussion

I3

Colonization of weeds -

During the port?on'of the season under study, Fusarium spp.-

wefe‘recovered\from tissues of certain plants that had not been
treated with glyphosatg. Recoverigs were particularly freguent
in the plants of the apandoned field (site # 1), as well ;s in
P. persicaria and C. adbum growing in the cultivated field (site
4 2)., In P. lanceolata, natural colonization of control plants

by Fusarium spp. increased during the period of observation to a

-level as high as that observed in the glyphosate-treated plants.

Nevertheless, the plants that wefe not treated with glyphosate,
but colohized by ngarium Spp. looked vigorous and healthy. }
Fusarium spp. are omnipresent in agricultural soils
(Gordon, 1956 & 1960), and'they attack a wide range of hosts

({Booth, 1971). It is not sufprising to find Fusarium as a
colonizer of plants, particularly weeds, that have overwintered.
Xreutzer (1972) freguently isoclated Fusarium'spp. from the
rhizosphere, the rhizoplane, and the inner root of many
grassland species. Fusarium spp. will have a better chance to
dominate the niche created by plant “senescence if they establish
2s weak parasites when the plants are still yigorous and
nealthy. Cook ané Bruen: (1968} demonstrated that wheat straw

-

net invaded parasitically by Fusarium culmorum ¢ained

e,



unoccupied by the fungus after piowing, whereas the plants that
hadgbeen colonized through parasitism still harbored the fungus
many weeks after plowing. -

As the proportion of weed plants colonized by Fusarium spp.
never decreased with the application of glyphosaté, it can be .
concluded that glyphosate did not reduce the competitive
advantage of the Fy;arium coloqizefs that were established
within host tissues prior to glyphosate ﬂréatment.

Except for P. persicaria, all the piants treated with
glyphosate died and were eventually colonized by some fungi
and/or bacteria. In some weed species, giyphosate tfeatment
significankly increased the proportion of plants cglpnized by
Fusarium spp., even though Fusarium was neverLéple;tokcolonize
2ll the plants of é given species (Figs. 2, 3). This inability
could result from one or a combination of factors relating to

. ’
genetic variability, chance Jariations, and non—quantitatibe
aspects of the recovery technigue. De Gennero (1984) established
that different biotypeé of Convolvulus a)vensis.L. responded

ifferently to glyphosate treatment, Variations, in dose

th

received, phenoloéic stages of the ;lants at time of spraying,
as well as variations in microflora gnd microehvironment
sur;ounding the plant, could all contribute to the observed
differences between and within species.

believe :Aa: recoveries are an accurate estimaté of the

presence 0f Fusgrium spp. in tissues, The Fusarium spp. 1solated

nave the abili:ty ¢ grow extensively within vascular tissues: at

-
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the last sampling, for each plant in which Fusarium sbp. was
observéd, the fungus was consistently isolated from most of the
plant pieces plated. An important factor that Cén interfere with
detection of Fusarium spp. from infected plants is
oversterilization: colonizers increaseithe permeabi}ity of
tissuee, and thus, excessive surface sterilization can result in
complete sterilization. This effect would most likely become a
factor in species that haVe\tiny roots or stems such as §. media
or S. arvensis. Hoyever; at site 4 2, §. media and §S. arvensis{
were the weed speciegxthat showed the most‘éignificant increase
in colonization by Fusarium spp. aftez glyphosate treatment.
Therefore, I éonclude that oversterilization did not affect
significantly the recoveries'of Fusarium spp. from infected
tissues.

The major possible source of bias in this investiéation
came %rom the random sampling technigue for the weed plants. At
~he time of the last sampling in both sites, many of the sprayed
weed plants were simplf gone., Conseguently, tﬂe probability of
sampling weed plants that were less atfected by glyphosate
treatment was increased proportionally to time after spraying.
This explains why E. crusgalli could not be sampled at day 14,
and alsc the drop in observed proportion of colonized plants at
the last sampling iﬁ several weed Species.. ‘
Fusarium spp. are well adapted té establish themselves

parasitically within weakened Qlants (Cook, 1969). Glyphosate

(.))

treatment provided anfadvantage to Fusarium spp. by facilitating

2%
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the colonization of some of the weed species studied. This is
further supported by the fact that the Fusarium Spp. isolated
are known plant pathdgens and also by the work of Johal andRahe
(1984) concerning the role of plant pathogenic fungi on the
herbicidal action of glyphosate: metalaxyl, a fungicide specific
againét pythiaceous fungi and,inactive against'fusarfum spp.
blocked the herbicidal effect of glyphosate in the presencerof

Pyt hium spp. but not Fusarium spp.

Level of Fusarium in the soil

Wainbridge (1982) showed clearly that, in the dilution
techriique, the colony counts were iargely representing the
fungal spores. Therefore, in the following discussion, unless
otherwise stated, Fusarium ievel, prop;gules, or CFU/g, réfer'to
ﬁhe number of viable conidia or chlamydospores/g of dried soil
as manifested by colony production..

A; both sites, the Fusarium spp. level in the control plots
fluctuated during thg season (Fig.6). In the field with annual
weedg (site\:Z), the extremely dry conditions that began about

K

. ,
the beginning of June could explain the decrease in propagules

observed during the period from Juné 22 to July 18 (Fig.6). The

“subseguent increase could be partly explained by the

-

sten:

(s

reme

3

[

g of the dried scil, a process that is known to
release nitrogencus materials, and conseguently cause a sudden

increase in number and activizy of microorganisms {Stevenson,

\O

3€). In addizion, decay of the tilled material in the control

(O8]
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plots of site £2, and of the naturally senescent plants inisite
#1, may have coﬁtributed to the observed.increaseSe Naturally
occurring increases in soil microbial activity‘have been
observed in the middle of the summer by Snyder and Nash (1968)

4

At both sites, the level of Fusarium spp. was significantly

,o

increased in the sprayed plots when compared with the control
plots. Maximum differences occurred at 3weeks%efter spreyiﬁg at
both sitee, but this time of maximum differencg is betfef}
supported/for site & 2 becaﬁse'many samples were taken at
regular intervals for 74 days after spra{fﬁg h .

In site £2, the cbserved increase in Fusarium leQel was
followed by a decrease and then a.second inc;ease. I can only
speculate” about the reasons for this\phenemenon. Increased
activity of some microorganisms antagonistic to Fusarium spp.
may have occurred as a delayed response to some effects of
spraying with glyonosate. Antagonlstlc act1v1ty could have

contributed to the observed decrease in Fusarfum levels., The

second increase might have resulted from a decline in antagonism

as whatever factor responsible for its increase was exhausted.
4 .

Tne observed increase and decrease of Fusarium spp. levels due
t¢ antagonistic microorganisms could have been synergistically
alfected by fluctuations iq percentage germination of coniaia or
cnlamydospores ol Fusariurm spp. It has been demonstrated that as

conidial or chlamydospore density of Fusarium solani (Mart.)

&>



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

observed. -

-
7

In site #1, it was expected that tillage would favor the
product&on and the distribution of Fusarium prépagules. This
outcome was not observed, possibly because the roots formed such
a compaét mass at this site;‘and'propagUles.Qf Fusarium were
already well dispersed within the undisturbed sod. '

The applicatioﬁ of a he{bicide Quer a certain area creates
so many changes in the environment th;¥ it becomes difficult to
pinpoint the cause of an observed fluctﬁgbign in the microflora

(Smith, 1982). Nevertheless, for the followimg reasons, I

conclu&é that the number of propagules of Fusarium spp.

.

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

some of the weeds that had been treated with glyphosate:
3y

1, ‘]n vitro, glyphosate inhibitg the growth of many pathogens
(Harris and Grossbard, 1879; Stedmah, 1982) including
;Fusarium spp. (Brown and Sharma, 1984).

2. When incorporated cdirectly into different types of soll,

glyphosate has no significant effect on either total number

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

scils (Cérol ez Seguin, 1982).

3, Since the mobility of glyphosate is very limited in the soil
(Sprankle et a/. !975 a,b), and a very small fraction of
wnat is applied is exuded from the roots of treated weeds

32 .
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(Coupland et al., 1979 & 1981), it is ur‘ﬁlike(iy that .\\
glyphosate, when applied at a normal field dé;é, would-be
mere ihhibitory to antagonists or competilors of Fusarium
SPP. fhan’ﬁo Fusarium spp. per se.

[y

The increase in-Fusarium spp. level was observed in 2 sites
L]

where conditions were different:

a. In site £1 where the control and the sprayed plots were
left undisturbed, the first significant difference was
observed when the canopies made by the spra%ed plants
were chlorotic but still densé. Canopy removal is ;he of
the major causes of environmental changes induced by
herbicides. This environmental modification had not
occurred when the significant fncrease was QbserVéd.

b. In site.:2, the control plots were tilled ahd the i
sprayed plots left undisturbed. If anything, the tillage
should have increased the Fusarium levels in the cohtrol
plots by enabling the fungus to build up on the plants
that were colonized before tillage. Mofeover, Fusarium
spp. are not adapted to anaerobic conditions (Stover,
1953), therefore tillage would not haye been detrimeﬁtal
in that respect. ‘

The application of glyphosate was followed by increases in

the propértion of pliants tclonized by Fusarium spp. in the

majorizy of the weed species studied. As those plants died,

Fusarium spp., i1ikely explcited their advantage as pioneer

colonists in order to build up their inoculum levels.
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Crop emérgence

I demonstrated that in a field with a dense cover of annual
weed;, regardless of the length of the interval between spraying
and seeding, crop emergence in glyphosate-treated 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 that an effect on yields cduid_have been

, 9
observed, but the weed competition varied so much between

‘treatments that the results would ha&e been meaningless. In -
order to obtain conclusive resulfs about growth parameterg, the
newly emerging weeds shéuld have been removed by hénd as théy
were coming out. Unfortunately, the human resources involved in
this reseafch project were insufficient to accomplish this tésk.
The lack. of?a decrease of crop émergence due to ‘glyphosate

should not be extrapclated to other conditions, Lynch and Penn

(1980) reported that glyphosate application to weeds ‘resulted in

(O

coor establishment and death of cereals, and concluded that
Fusariurm culmorum had caused the damage by building up on the

mes, anc¢ alsc by liberating some toxins during the decay

'
0
'
N
Q

crocess. The amount oI weed root biomass present in the soil
wheg glyphosate 15 zpplied seem5 to be an important factor in
er the roct biomass available as a
Sotentilal substrate, the higher the number of Fusarium

crepagules tnat 'czn be produced., Ar the 2 sites, the overall



number of CFU/g were in the same range, bBbut the maximum

{ . .
difference in CFU/g observed between the control and the sprayed
plots was 2 times larger in thé field with perennial weeds. -

N

Alsco, more toxins would likely be liberated by the decay processy

if more biomass was available,

(a)
($1}



U

. Pest Management Prospective and Conclhsion

*

Baillie et al. (1972) tried to create a herbicide that could
block the ShlklmlC ac1d blosynthetlc pathway. The basis for

their investigation was that such a compound would be safe for

»

animals, since the pathway is present only in plants and in some

microorganisms. In addition it could be a good herbicide because

this biochemical process is essential in plants. They failed._It_

-
-

is of historical interest that in the same year an efficacious
herbicide ﬁamed ghéthosate, seiectéd by the usual empirical mass
screening employed b§ industry, was found to act upon plants via
<his veré same biochemical pathway (Jowarski, 1972). It seems

_ . .
that, by chance, a company found the exemplar herbicide that

'Baillie er al. were systematically looking for. Howevdr, it is

o)

!
1ot certain that glyphosate affects only the shikimicé?cid
?a:hway;'in higher plants, its effect seems to b; more complex

icagland and Duke, t982). ’

Because oI al. the proper:ies glyphosate has, it is likely
tnat rhe use of this already popular herbicide will increase.
Glyghosate could even change :hé face of modern agriculture if

; . LY
rew crop varieties that are resistant to it come on the market.
A resistant a_-a-:a ‘'variety already exists (Brusko, 1983), and
the glyphesate-resistant allele has been identified and

cessiully transierred to Escherichia coli (Mig.) Cast. & _
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C;al. fStélker‘ez a/., 1985). This agrotechnical change raises

many problems and guestions: i’

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

2. The North American agroecosystem is chara;teriZed'by
monocultlres thaf have a frightfully high level of genetic
homogeneity; this new development is likely to increése this
level even more, '

3. WhaE/would be .the environmental impacts of using this

“herbicide on a very large scale?

4, The efficacy of glyphosate varies. If its use is to become
more widespread, the instances wheres the herbicide fails
"will become more freguent. 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,egfect of plant pathogens as
causal agents of glyphosate-induced crop damage;'and,on

their role in the herbicidal action of glyphosate.

This research project has demonstrated that no more damage -
was done to beans, corn, cucumber, or peas when glyphosate/ was
’_‘_/_\____/
2sed for contr0111ng a-ggﬁgé\populatlon of annual weeds /than
/
when Lll‘age was utilized. At t\é\zﬁskg§s, Eﬁi_milg;/éolonlzers
o *epresen ative glyphosate-treated weed species were Fusarium

spp:/%t is not xnown what would be the effect on the crops grown



- o

in soil - in which other fungi, e.g. Pythium spp., would be the
primaryxcolonizers, or where the root biomass would be larger,

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 (1977) recommended the use of other techhiques to
solve the new problem, e.g..another chemical or resistant “

varieties, I do not agree with this: rather I agree with -

Griffiths (1981} who fecommended, for such cases, to revise the:

protection program in order to avoid the secondary problem. 1

3

believe that the simplest way to avoid herbicide-induced.disease

injury on crops, would be to find the optimal iﬁterval;between
seeding and spraying. If Fusarium spp.\enhancea by'glyphosate

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

-

. should be possible to exploit the fluctuations in Fusarium sSpp.

level following treatment in order to'minimize crop injurjt
Glyphosate can also be used in sylviculture. When‘applied
after formation of final conifer resting'buds, and 3-4 weeks
pefore leaf senescence of the brush species to be controlled, it
does not affect the conifers (Monsanto, 1983).4Th§3effect§ of
glyphosate on root rot o;ganisms should bg‘bétter undérstood‘
before any large scale application of this‘compound is
undertaken, For instance, the role of root rot organisms in the

he

=

picidal action of glyphosate when applied in forests should

Lin 4

i

O
b

be la

L8 1

ied. It is possible that some colonizers will buiild up

on the brush species to a ievel that will be detrimental tC the

tt

coni

er crop. In this situation, it is unlikely that Fusarium
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spp. wouid'be important éolonizers'since théy are uncpommon in
forest s;?zs (Gordon, 1956; Menzinger et al. 1966;’Li et al.f
‘1976). However, Armillaria‘sppj, Phelli nus spp., or Phoma Spp.
are common in forest soils and have wide host ranges; -
cbnsequentiy they could cau;§\§ignificant‘losses. If one wants
to étudy these guestions, the first step would be to determine
what are the main colonizers of the brush species that have béen
~éprayed Qith glyphosate. The level of root.rot organiéms in
those  stands should be assessed and compared with levels in
stands whgreﬁbther brush ggntfol techniques haQe been used. The
.major challenge in investigating this potential problem is that
injuries to the crops could be noticeable only many years after
the applicat{on of glyphosate. L el
Glyphosate is a useful‘herbicide,vlts utilization will .
. N rd . H

cchtihpe and/or increase. I have demonstrated that phé-use'of
this herbicide to controi weeds can lead to an'increése in -
. g

soil-borne propagules of Fusarium spp. QBWever, before any
concrete recommendations fhaf would minimize the éétential fo;
Herbicide-induced damage canAbe formulated fér‘the use of
glyphosate ih-agriculture‘or syiviculture, guestions related to
nest and site specificity and the effects\of physical |
environments variableé myst be addressed. :

-

{
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