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Abstract

A growth chamber study was conducted to determine the effects of Fusarium avenaceum and
Drechslera sorokiniana each alone and the two pathogens together on yield, evapotranspiration and
stomatal resistance of 6 hard, red, winter wheat cultivars (Payne, Triumph 64, Danne, Vona, Tam
101, and Newton) grown under soil moisture stress conditions. Under soil moisture stress conditions,
the pathogens reduced forage and root yields in all the cultivars. Evapotranspiration rate did not
differ significantly in any of the treatments of cultivars as compared to their controls. In general,
the pathogens had no significant effect on stomatal resistance, but F. avenaceum alone seemed to
cause an increase in stomatal resistance while D, sorokiniana alone and the two pathogens together
caused a decrease in stomatal resistance, The cultivar, Payne, was consistently superior to the other
cultivars in forage and root yields and also gave the lowest stomatal resistance while the cultivar,
Newton, consistently gave the lowest yields and the highest stomatal resistance in all treatments.
This indicates that Payne is more tolerant to the pathogens under soil moisture stress conditions
than the other cultivars while Newton is less tolerant.

Introduction

Water stress can predispose plants toward greater susceptibility to plant diseases.
Leophart & Stage (1971) attributed the origin and severity of pole blight disease of
western white pines from 1916 to 1940 to the extended drought that occurred then in
the United States of America. Couch & Bloom (1960} showed that water stress predis-
posed kent blue-grass to Scleroting homeocarpa. Cook et. al. (1972) listed certain fungal
pathogens that cause greater damage on their host plants in dry soils. Cook (1980)
also reported that Fusarium foot rot in wheat is more severe in the Pacific Northwest
when plants are predisposed to water stress.

In Oklahoma, it has been observed that common root rot of wheat is very severe
in wheat fields in years of scattered and/or limited rainfall. This study was therefore
undertaken to determine the effects of Drechslera sorokiniana (Sacc.), Shoem (Helimin-
thosporium sativum) and Fusarium avenaceum (Fr) Sacc. on root and shoot yields, eva-
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potranspiration rate, and stomatal resistanc of six hard, red winter wheat cultivars grown
under soil moisture stress conditons. A better understanding of wheat-water relations
and the effects of soil-borne pathogens on stomatal closure and opening will be helpful
in breeding wheat varieties that will be resistant to drought and diseases favored by
dry soil conditons.

Materials and Methods

The study was conducted in a growth chamber at the Controlled Environmental
Research Laboratory at Oklahoma State University, Stillwater, Oklahoma. Certified
seeds of 6 hard, red, winter wheat cultivars: Payne, Triumph 64, Danne, Vona, Tam
101, and Newton, were used in the study. Lincoln fine sand (94.9% sand and 3.0%
clay) treated with methyl bromide was thoroughly mixed with inoculum suspension
of macroconidia of F. avenaceum and conidia of D. sorokiniana (each pathogen alone
and the two together) for 30 minutes at the rate 250 spores per gm of soil in water
sufficient to raise the water content of the soil to field capacity (7.5%). Infested soil
was put into plastic pots (11.0 x 14.5 cm). A total of 96 pots were used in the experi-
ment. Five seeds of each cultivar were planted per pot to a depth of 5.1 cm. Plants were
thinned to 3 plants per pot 5 days after emergence. A split plot design with watering
regimes as main plots, cultivars as subplots and inoculated versus uninoculated plants
as subplots was used and each plot was completely randomized. Half of the plants were
watered every 3 days with 50 mi of tap water and the other half with 100 mi of tap
water every 7 days. Every pot ultimately received the same amount of water by the
end of the experiment. Each pot stood in a plastic container (11.0 x 8.0 cm) into which
water was added and allowed to rise into the pots by capillarity.

Plants were grown in a growth chamber. The growth chamber was maintained at
26°C day and 23°C night, and a 12 hour photoperiod from 0600 to 1800. Fluorescent
and incandescent bulbs in the growth chamber supplied light at an intensity of 635
microeinsteins M™% Sec™! as measured by Lambda (Lincoln, Nebraska) Instrument
L1-185 Quantum, Radiometer, Photometer, in the region of exposed leaves. The
relative humidity was between 50-70%. Plants were fertilized with water soluble NPK
fertilizer (15-30-15, 4g/liter) when they were four weeks old, The experiment was re-
peated three times.

The following measurements were taken to help determine the effects of the patho-
gens and soil-moisture stress on the wheat cultivars.

Three forage yields were taken when plants were 21, 42 and 63 days oid. Leaves
were clipped on a per pot basis from the base of the first leaf and weighed to obtain
fresh weights. Roots were harvested when plants were 63 days old on a per pot basis.
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The roots were thoroughly washed with tap water on a 2.0 mesh sieve to get rid of
soil particles. Excess water was allowed to drain and then roots were blotted with tissues
and weighed to obtain fresh weights. Leaves and roots were oven-dried for 24 h at 80°C
and weighed to obtain dry weights.

Evapotranspiration rate was determined daily for 7 days when plants were in their
third, sixth, and ninth week. Measurements were taken by weighing each pot before
watering to the nearest 0.1 gm.

Stomatal resistance was measured on alternate days of the week, when plants were
in their third, sixth and ninth week with a calibrated stomatal diffusion porometer
Kanemasu (1969) (Model L1-65 and Sensor L1-20S, Lambda instrument Corps; Lin-
coln, Nebraska). The upper leaf surface of the second leaf from the bottom of the plant
was measured.

Soil samples were taken on a per pot basis when plants were in their third, sixth,
and ninth week with a sterile soil probe and put into small glass vials (14.5 x 45 mm,
1 Dram) sealed with piastic snap caps and taken to the laboratory to determine the
soil water potential. A total of 96 samples were taken at each sampling period. Dew
point readings were taken in microvolts, using the C-52 sample Chamber attached to
HR-33T, Dew Point Microvoilmeter by Wescor, Inc. (Logan, Utah). The soil water po-
tential in negative bars (—U) was calculated using the dew point method. Mean soil
water potential in the 3- and 7- day watered pots were 21 and 45 bars +5 at 26°C
respectively. Very low soil water potential obtained indicates that the soil was quite
dry.

Results and Discussion

Effects on Forage Yield: The difference in yield between the inoculated plants
and the control was generally significant at P=0,01. level (Table 1). In 3-days watered
plants, . avenaceum alone caused the highest mean percentage yield reduction on Danne
and Vona and the lowest percentage yield reduction on Payne and Tam 101, as compared
to other_cultivars. In 7-day watered plants, . avenaceum alone caused the highest per-
centage yield reduction on Triumph 64 and Vona and the lowest percentage yield reduc-
tion on Payne and Newton, as compared to other cultivars. These results seem to suggest
that Vona is the most susceptible cultivar and Payne the most resistant cultivar to F.
avenaceum. Greater perecentage yield reduction were caused by F. avenaceum alone
on all the cultivars in 7-day watered plants than in 3-day watered plants. This indicates,
as reported in the literature (Cook, 1973; Wiese, 1977) that F. avenaceum is very aggres-
sive under extreme soil moisture stress condition,
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Table 1. Mean percentage yield reduction of Six Wheat cultivars inoculated with
Fusarium avenaceum and Drechstera sorokiniana each alone and the two
pathogens combined, and grown under two watering regimes.

3-Day Watered Plants 7-Day Watered Plants
Cultivar F D F+D F D F+D
Dry Forage:
Payne 18.75 25.00* 25.00* 34.48%* 37.93%% 4] 38%*
Triumph 64  29.73%% 32.43%%* 62.16% 61.29%* 41.94%* 56 .94 %%
Danne 35.29%%  44.12%* 38.24%* 43.83%* 3448%* 34.48%*
Vona 34.38%%  37.50%*  3438%F  61.71%* 4645%* 64.29%*
TAM 101 25.71% 48.57*%  31.43%*  5357%% 28.57%* 21.43%%
Newton 26.67* 50.00%*  40.00%*  43.33%* 66.67%* 57.14%*
Dry Root:
Payne 3.77 0.00 5.66 62.50 39.58 33.33
Triumph 64 31.82 22.73 63.64* 72.58% 30653 66.13
Danne 58.11% 47.30 68.92* 4423 32.69 51.92
Vona 68.00* 62.67% 21.33 87.10% 75.81% 72.58
TAM 101 19.51 82.93%% 2.44 38.46 10.25 5897
Newton 23.08 92.31%%  51.28% 68.42%* 92 98% 84.21%
F = F. avenaceum inoculated plants (250 macroconidia/g soil) means of three replicates

D = D. sorokiniana inoculated plants (250 conidia/g soil) mean of three replicates
* = significantly different from control at P = 0.05
** = significantly different from control at P = 0.01

In 3-day watered plants, D. sorokiniana alone caused the highest mean percentage
yield reduction in Newton and Tam 101 and the lowest percentage yield reduction on
Payne and Triumph 64, Newton and Danne and the lowest percentage yield reduction
in Payne and Tam 101. The 7-day watered plants, both pathogens together caused the
highest mean percentage yield reduction in Vona, Triumph 64 and Newton and the
lowest percentage yield reduction in Tam 101, Danne and Payne. These results seem
to suggest that Triumph 64 and Newton are the most susceptible cultivars to both pa-
thogens put together and Payne and Tam 101 the most resistant cultivars. Effects of
both pathogens on the cultivars in 3- and 7-day watered plants did not differ appreciably.

Overall means of cultivars over treatments showed that D. sorokiniana alone caused
higher percentage yield reduction (39.5%) in the 3-day watered plants than F. aven-
aceum (28.4%). But in 7-day watered plants, F. evenaceum alone caused higher percen-
tage yield reduction (49.7%) than D. sorokiniana 42.7%). These differences in disease
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severity between F. avemaceum and D. sorokiniang in host plants under different soil
moisture content support reports in the literature (Dosdall, 1923) that D. sorokiniana
aggressiveness increases at relatively high soil moisture while F. avenaceum aggressive-
ness increases under comparatively dry soil conditions (Cook, 1973; Wiese, 1977). Over-
all results also showed that Payne is the most resistant cultivar to the two pathogens
while Newton is the most susceptible cultivar to the pathogens, under the conditions
of this study.

Effects on Root Yield: Results obtained on root production agreed with results
obtained on forage yield, in that Payne is the most resistant cultivar to the pathogens
and Newton and Vone the most susceptible cultivars (Table 2}). The pathogens’ ability
to destroy the cultivars’ root systems obviously accounted for reduced plant vigor and
low forage production, as compared to their controls. The pathogens limited the plants’
ability to absorb water and nutrients for normal growth. In addition, moisture stress
probably contributed in predisposing the plants to secondary infections by the pathogens.
Thus, a wheat cultivar with a root system resistant to the pathogens and tolerant to
drought like Payne, is desirable for wheat improvement programs in Oklahoma.

Table 2. Mean evapotranspiration rate (g/day) and mean stomatal resistance (see cm_l)
of six wheat cultivars inoculated with Fuserium avenaceum and Dreschstera
sorokiniana each alone and the two pathogens combined, and grown
under two watering regimes.

3.Day Watered Plants 7-Day Watered Plants
Cultivar C F D F+D C F D F+D
Payne 9.8 8.0 9.2 8.0 6.6 5.6 54 5.7
Trivmph 64 8.5 8.5 7.6 8.4 6.5 6.4 54 54
Danna 8.5 8.5 8.4 8.1 6.3 6.2 54 5.6
Vona 8.9 8.8 8.0 8.2 6.4 6.3 5.7 5.7
TAM 101 9.4 8.1 9.2 7.8 6.2 52 53 53
Newton 9.8 8.0 8.2 7.6% 64 6.0 5.1 50
Payne 31.5 188 9.7% 11.9  22.0 269 329 23.6
Triumph 64  16.8 163 19.9 39.1*% 280 27.0 256
Danne 229 361 17.4 231 27.6 194 286 293
Vona 19.8 284 10.4 152 322 36.8 175 28.5
TAM 101 203 2141 42.7% 232 335 344 298 326
Newton 44.8 291 30.0 30,7 333 338 323 324

C = Control, mean of three replicates

F = F, avenaceum inoculated plancs (250 macroconidia/g soil), mean of three replicates.
D = D. sorokinianae inoculated plants (250 conidia/g soil) mean of three replicates.

* = significantly different from control at P = 0,05.
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Effects on Evapotranspiration Rate: FEvaporation and transpiration from plant com-
munities is frequently termed evapotranspiration (Kramer, 1969). The relative amount
of water removed from soil by evaporation and transpiration is of great interest parti-
cularly in regions of limited rainfall because it can be used as a guide for irrigation (Kra-
mer, 1969). As water potential decreases, {water stress increases) the stomata close
and the rate of transpiration decreases.

Results presented in Table 2 showed that the pathogens and soil-moisture stress
seemed to cause a decrease in evapotranspiration rate of the cultivars but the decrease
was not significantly different from controls with the exception of Newton, which
differed significantly from its control at p = 0.05 level. Evapotranspiration rate seemed
to decrease with increase in soil-moisture stress.

Considering the six cultivars, the rate of evapotranspiration did not differ signifi-
cantly with age of the plants. The reason for this is because evapotranspiration rates
of the cultivars were measured when plants were in their third, sixth and ninth weeks.
Forage was harvested when plants were 3, 6 and 9 weeks old and leaves allowed to
regrow. Therefore, transpiration rates of the plants measured were from leaves of the
same age (Kramer, 1969).

Effects on Stomatal Resistance: In general the pathogens had no significant effect
on stomatal resistance as compared to controls (Table 2). But F. avenaceum alone seemed
to cause an increase in stomatal resistance in 7-day watered plants, as compared to con-
trols. The two pathogens together seemed to cause a decrease in stomatal resistance
as compared to controls,

The results, therfore, obtained suggest the F. avenaceum alone caused the stomata
to close and prevent water loss, while D. sorokiniana alone and both pathogens togsther,
caused the stomata to open and much water was lost. Increase in stomatal resistance in
plants inoculated with F. avenaceumn alone seemed to indicate that the pathogen may
have blocked the vascular system of the plants, thereby causing decrease in transpira-
tion rate and increase in stomatal resistance. Duniway (1971) and Machardy er al,
(1976) reported that vascular wilt pathogens such as Verticillium and Fusarium species
which are confined to the vascular system of host plants, generally cause decrease in
transpiration rate and increase in stomatal resistance. Duniway (1971) found that the
diffusive resistance of leaves to water-vapor loss in tomato plants infected with £, oxys-
porum f. sp. radici — lycopersici was a high as or higher than the resistance in healthy
plants at a given leaf water potential.

The decrease in stomatal resistance of the plants inoculated with D. sorokiniana
alone seemed to suggest that D. sorokiniana may have released a toxin which was carried
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up the shoot where it induced stomatal opening and thereby decreased stomatal resis-
tance. Helminthosporium sacchari, the causal agent of ‘eyespot’ of sugarcane, is repor-
ted to release a diffusible toxin that causes appearance of a ‘runner (Strobel, 1975).
The toxin altered the membrane permeability causing increase in transpiration and
decrease in stomatal resistance (Strobel, 1975). Turner (1972) and Turner & Graniti
(1969) have shown that fusicoccin, victorin, and phytotoxins lower stomatal resistance
in Avena sativa. Wheeler & Black (1963) also reported that some root pathogens such as
Heliminthosporium species, which produce toxins that interfere with metabolism of
host-plants, generally cause stomatal opening and decrease in stomatal resistance.

The decrease in stomatal resistance in plants inoculated with the two pathogens
together may be more of the effects of D. sorokiniana than of F. avenaceum at this
plant stage, because D. sorokiniana is normally the first fungus to enter roots before it
is out competed by Fusarium species, as the plant growing season progress. Results
also showed that stomatal resistance tends to increase with increases in water stress
(Table 2).

Although not included in Table 2, Newton had the highest stomatal resistance
in all treatments while Payne had the lowest stomatal resistance (33 sec. cm™ ! for
Newton versus 22 sec. cm ™ * for Payne; highly significant at P = 0.01 level). This means
that Payne has a better stomatal closure mechanism, which can prevent tissue desicca-
tion under conditions of high internal water stress, than Newton. Newton’s stomatal
resistance was significantly different from those of Danne and Vona at P = 0.05 level
but not significant from those of Tam 01 and Triumph 64.

Overall results of this study-consistently showed that Payne is the most resistant
cultivar to the two pathogens under soil-moisture-stress conditions, whiel Newton is
the most susceptible cultivar. Adjel (1978) reported in his study on the effects of soil-
moisture-stress on some wheat cultivars that the Wheat cultivars, centruk and concho,
have desirable adaptive characteristics for dry land areas. Comparative studies of the
effects of the pathogens on Payne, Centurk, and Concho under soil-moisture-stress
conditions may be a worthwhile screening program leading to development of resistant
cultivars,
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