Effect of Atrazine on Growth of Fusarium oxysporum f. sp. vasinfectum
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ABSTRACT

Effect of atrazine (2-chloro-4-ethylamino-6-iso-
propylamino-s-triazine) on growth of Fusarium
oxysporum f. sp. vasinfectum was studied in Cza-
pek’s liquid medium and in sterilized soil contain-
ing 0, 8, 20, 40, and 80 ug of active herbicide per ml
of medium or per g of soil. In liquid culture, ex-
posure of the fungus to 40 or 80 ug atrazine retarded
mycelial growth during the first 6 days of incuba-
tion, but not thereafter. Conductivity values and
concentrations of nutrients in the medium were in-
versely proportional to mycelial growth. The ratio
values for amount of mycelium produced to nu-

trients utilized, calculated 6 days after inoculation,
were lowest for the two highest herbicide treat-
ments. Production of CO,-carbon increased sig-
nificantly in soil cultures of the fungus with atrazine
concentrations of 20, 40, and 80 ug/g. This stimu-
lation was first evident after 6 days’ incubation, and
remained so until the last sampling at 14 days. Also,
the ratios of amount of carbon evolved to nitrate-
nitrogen consumed were significantly higher for
the three highest herbicide treatments at the last
sampling. Phytopathology 60:65-69.

Reviews by Audus (1), Bollen (3), and Fletcher (8,
9) have indicated that most herbicides at recommended
field rates generally do not significantly alter soil micro-
bial populations, but Smith et al. (25) found that
effects may be either toxic or stimulatory on specific
groups of organisms. Kaufman (13) found that s-tria-
zine and phenylurea herbicides had significant quanti-
tative and qualitative effects on fungal populations in
corn- and soybean-cropped soils; these effects varied
with the herbicide, application rate, and crop.

Relatively little attention has been given to the selec-
tive action of herbicides on specific organisms. Inhibi-
tion of several plant pathogenic fungi by herbicides has
been demonstrated by other workers (2, 4, 14). In our
laboratory, certain herbicides either inhibited or stimu-
lated growth of Sclerotium rolfsii (6, 7, 20, 21, 22, 23),
Rhizoctonia solani (19), Fusarium oxysporum f. sp.
vasinfectum ([Atk.] Snyd. & Hans.) (5), and Tricho-
derma viride (7, 20, 23, 24). Richardson (16, 17) found
that some herbicides and insecticides increased disease
severity in plants, while others suppressed disease de-
velopment. Huber et al. (11) observed a reduction in
severity of root rot of winter wheat, caused by Cer-
cosporella  herpotrichoides and R. solani, after fall
applications of diuron [3-(3,4-dichlorophenyl)-1,1-di-
methylurea].

Atrazine (2-chloro-4-ethylamino-6-isopropylamino-s-
triazine) is used primarily for control of weeds in corn,
but the cotton-wilt fungus (F. oxysporum f. sp. vasin-
fectum) may survive long periods in soil organic mat-
ter and come in contact with a compound applied any
time. The following study is part of a continuing in-
vestigation of interactions between herbicides and soil-
borne plant pathogenic fungi.

MaTERIALS AND METHODS.—Technical grade atrazine
for this study was supplied by Geigy Chemical Corpo-
ration. F. oxysporum f{. sp. vasinfectum was isolated
from diseased cotton in Alabama and maintained on
potato-dextrose agar (PDA).

Liquid culture—The procedures were essentially as
outlined in a previous publication (20). A stock solu-
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tion of atrazine was prepared in 95% ethanol (v/v),
and quantities of this solution were added to 50 ml of
Czapek’s solution in 250-ml flasks to provide concen-
trations of 0, 8, 20, 40, and 80 ug/ml, and adjusted
to pH 3.00 with 109 lactic acid (w/v). All flasks,
including controls, contained the same quantity of
alcohol.

Each flask of solution was inoculated with a 5-mm
mycelial disc from a 3-day-old culture of the fungus.
Stationary cultures were incubated at 27 C. and sam-
pling was performed from § flasks/treatment at 3, 6,
and 10 days after inoculation. Contents of individual
flasks were passed through fine dacron gauze (0.2-mm
opening) over perforated bottoms of tared aluminum
weighing-cups, and the retained mycelium was washed,
dried, and weighed. Filtrates from pairs of flasks were
pooled and brought to original volume with sterile
water; thus, each treatment was represented at each
sampling date by four filtrate replicates and eight
mycelial samples.

Glucose in the medium was determined by a modi-
fied Somogyi method as described by Nelson (15) for
blood analysis. Inorganic phosphorus was determined
by the vanadomolybdophosphoric yellow color method
in a nitric acid system described by Jackson (12).
Nitrate-nitrogen was determined by the nitrophenol-
disulphonic acid procedure of Harper (10). Titratable
acidity was determined by titrating 10 ml of the me-
dium with 0.1 N NaOH to pH 9.00. Hydrogen ion con-
centration was measured with a Beckman H-2 meter,
and conductivity determined by means of an Tndustrial
Model RC 16 B2 Conductivity Bridge equipped with
a conductivity cell (constant K=2).

Soil experiment—A Norfolk sandy loam low in nu-
trients was used, the low nutrient status being desirable
to aveid masking effects of added supplements. The
soil was air-dried, screened through a 2-mm sieve, and
lightly moistened. One hundred g of soil (oven-dry
basis) were delivered to each of a series of 250-ml
flasks fitted with two-hole No. 6 rubber stoppers; a
short piece of glass tubing filled with loosely packed
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cotton was inserted into each stopper hole to serve as
a filter when the flasks were later attached to a COy-
collecting assembly. The flasks of soil were autoclaved
for 60 min at 121 C and again for 45 min 24 hr later.
Eight 1-cm mycelial discs of the pathogen were
chopped for 20 sec in a Monel semimicro blender with
50 ml of water, and 2 ml of the suspension were asep-
tically added to the soil surface of each flask. Twenty-
four hr later each flask received 10ml of a nutrient
solution which provided (perg of oven-dry soil): 200
pg of P as K,HPO,; 800 ug of carbon as glucose;
120 pg of nitrogen as NaNO,; and atrazine taken from
the alcoholic stock solution. The solution was applied
by pipetting uniformly over the soil surface. The her-
bicide concentrations were 0, 8, 20, 40, and 80 ug/g
of soil, and the soil moisture after application was
609 of moisture-holding capacity. Each treatment was
performed in duplicate, and the experiment was re-
peated.

Carbon dioxide evolved from the flasks was trapped
in 1§ KOH solution and assayed 3, 6, and 14 days
after inoculation; details of the procedure were de-
scribed earlier (19). At termination of the CO, ex-
periment, soil from the flasks was air-dried and ground
in a mortar for further analyses.

Nitrate-nitrogen was determined by the phenyldisul-
phonic acid test described by Jackson (12). Glucose
was determined by adding 10g of soil to 50ml of
water, shaking the mixture for 20 min, and heating
for 30 min at 75 C. The suspension was then filtered
through Whatman No. 1 filter paper, and the filtrate
was passed through an ion exchange column (10 mm
diam and 10 ml bed volume) with a mixed-resin bed
(Mallinckrodt, MB-3). The effluent was tested for re-
ducing sugars according to Nelson (15).

All data were statistically analyzed by procedures
for simple factorial experiments, and means were
compared for significance by a sequential test outlined
by Snedecor (26). All significant differences refer to
the 0.01 level of probability unless otherwise stated.

ResuLts.—Liguid culture—No significant differences
between treatments were found for mycelial production
(Fig. 1) 3 days after inoculation. Rate of growth
(slope) increased between the first and second sam-
plings, this interval initiating the logarithmic phase.
The increase in growth rate was not identical in all
treatments; rates for treatments of 40 and 80 pg were
smaller than those for 0, 8, and 20 pg. The two highest
herbicide treatments showed significantly reduced my-
celial growth 6 days after inoculation. The final sam-
pling showed increased growth rates for the 40- and
80-ug treatments that were higher than those for other
treatments during the final 4 days of the experiment;
consequently, no significant differences between the
80-ug and the other treatments were found. The 40-
pg treatment still showed a significant (P = .05) but
reduced difference from lower herbicide treatments.

Nutrient concentrations closely reflected mycelial
growth. No significant differences were evidenced at
the first sampling for glucose (Fig. 2), NOs-N (Fig. 3),
and P (Fig. 4). Significantly higher amounts of residual
nutrients in the medium were recorded for the 40- and
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Fig. 1-4. Effect of different concentrations of atrazine
on growth of Fusarium oxysporum f. sp. vasinfectum in
liquid culture (O—O, 0ug/g; A—A, 8pg/s; WM, 20
ug/g; C—0, 40 pg/g; @—@, 80 ug/g). 1) Mycelial dry
wt produced. 2) Residual glucose in the medium, indi-
cating quantity consumed. 3) Residual NO,-N in the me-

dium. 4) Residual inorganic P in the medium.

80-pug concentrations of herbicide 6 days after inocu-
lation. Only the 40-ug treatment showed somewhat
higher nutrient concentrations at the last sampling 10
days after inoculation. Economic coefficients, calculated
at the final sampling, indicated a decrease in efficiency
of utilization of glucose (Fig. 5), NOg-N (Fig. 6), and
P (Fig. 7) by the fungus, with increasing concentra-
tions of the herbicide. This effect was particularly strik-
ing at the two highest concentrations used.

Conductivity of the medium (Fig. 8) decreased with
growth of the fungus. Significant differences occurred
after 6 days’ incubation between the two highest atra-
zine levels and the other treatments. Differences at
other sampling dates were not significant. Acidity of
the culture medium (Fig. 9) decreased (pH increased)
with time after inoculation. Although the same pattern
of differences could be observed for pH as for other
variables, these differences were less striking. Titratable
acidity in treatments of 40 and 80 ug of atrazine was
significantly different from other treatments 6 days
after inoculation.

Soil experiment—Little difference in CO, production
(Fig. 10) was observed between treatments during the
first 3 days. At the second sampling, 6 days after inocu-
lation, significantly higher CO, evolution was asso-
ciated with herbicide treatments than with the check.
This divergency increased to the last sampling date
for treatments of 20, 40, and 80ug which produced
significantly more CO, than the check. The value for
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Fig. 5-9. Effect of different concentrations of atrazine on Fusarium oxysporum f{. sp. vasinfectum in liquid culture
(O—O, Oug/g; A—A, Sug/e; Il 20 ng/g; O—L, 40 ug/g; @—@, 80ug/g). 5) Ratio of myecelium produced
to glucose consumed (economic coefficient). 6) Ratio of mycelium to NO4-N. 7) Ratio of myecelium to P. 8) Con-
ductivity of the medium during growth. 9) Titratable acidity produced.

the 8-pg treatment was similar to the check at the final
sampling. The highest rates of CO, production occurred
during the initial 6 days, then continued at slower rates
during the remainder of the experiment.

Little difference among treatments was found in re-
moval of glucose and NO4-N by the fungus. Economic
coefficients, relating CO,-C evolved to each of these
two nutritional variables (Fig. 11, 12), showed an in-
crease with increased concentrations of the herbicide.
The soil pH did not significantly vary among treat-
ments.

Discusston.—Results from the liquid culture study
revealed that F. oxysporum f. sp. vasinfectum was not
as greatly affected by atrazine as two previously tested
plant pathogenic fungi. Mycelial production by R.

solani (21) was significantly reduced by atrazine con-
centrations of 10-70 ug/ml, and the effect persisted
throughout an experimental period of 20 days. For S.
rolfsii we found (20) that atrazine caused reduction in
efficiency of nutrient utilization, particularly at high
concentrations (40 and 80 ug/ml); this effect lasted
throughout a 13-day experimental period. Thus the
initial action of atrazine on F. oxysporum f. sp. vasin-
fectum and S. rolfsii is similar, in that concentrations
of 40 and 80 pg are necessary to significantly affect
mycelial production. However, action of the compound
on the Fusarium species was not as persistent, since its
retardation of mycelial growth at high concentrations
(Iig. 1) had essentially disappeared by the time of
final sampling. The effect of atrazine on F. oxvsporum
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soil culture (O—0O), 0pg/g; A—A, Sng/z; l—M, 20ug/g; [
CO,-C with time. 11) Ratio of C evolved to glucose consumed at 10 days.

consumed.

f. sp. wvasinfectum contrasts with that on 7. viride
(20), where herbicide treatments of 8, 20, 40, and 80
pg/ml resulted in increased myecelial production by
the saprophyte with correspondingly higher economic
coefficients.

The data on conductivity reflect ion removal from
the medium and therefore parallel data for removal of
inorganic P and NOg-N.

Data from the soil experiment clearly indicate a
stimulatory effect of atrazine concentrations above 8
pg/g on respiratory processes of F. oxysporum f. sp.
vasinfectum (Fig. 10). This is particularly evident
when the amount of CO.-C evolved is related to the
amount of nutrients consumed (Fig. 11, 12). This type
of effect has been observed with this herbicide in soil
cultures of other fungi (23). Atrazine induced a stimu-
latory action on CO, production by S. rolfsii at 8 pg/
g of soil, but production declined with higher concen-
trations of herbicide. The herbicide also stimulated
CO., production in soil by T. viride at concentrations
above 8 ug/g.

Interpretation of the effect of atrazine in soil on this
species of Fusarium hinges on the relationship between
CO, production and growth. The liquid culture data
indicate reduced mycelial formation at the two highest
concentrations. If increased CO, production resulted
from increased mycelial production, the effect of the
herbicide in soil would be in direct opposition to its
effect in liquid culture. It is more likely that the in-
creased production of CO, is not accompanied by in-
creased myecelial growth in soil, but results from some
metabolic disturbance. Clarification of this question is
currently being sought by more direct means (18)
of determining actual mycelial growth in soil.
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