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Possible Effect of Abiotic Environmental Factors on Changes
in Wheat Resistance to Leaf Rust
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ABSTRACT

Possible influence of 3 abiotic environmental factors (temperature, nitrogen salt, and
benzimidazole) on wheat resistance to Puccinia triticina was studied. Under the effect of
these factors, statistically significant decrease in the rust development was revealed for 6
wheat varieties. Specific changes of virulence in 6 pathogen monopustule isolates under
the effect of those factors were revealed with high frequencies. Subjected to a particular
factor, we observed an absolute coincidence of the infection types of seedlings infected
with rust pathogen clones multiplied in the absence of this factor, and infection types of
leaves, incubated in the absence of the factor, but infected with isolates, multiplied in the
presence of this factor. Six subpopulations of the pathogen representing mixture of
genotypes virulent to 2 wheat varieties under certain conditions were created. We did not
find significant differences in two disease development indexes (number of pustules and
uredospores’ number in pustule) in seedlings affected by a factor and infected with
subpopulations multiplied in the absence of the factor, and disease development indexes in
leaves not subjected to the factor but in°Culated with subpopulations multiplied in the
presence of this factor. According to the results, the influence of studied factors on
expression of specific (vertical) and non-specific (horizontal) wheat seedling resistance to
rust was not revealed. Obviously, significant decrease in the rust development under the
effect of studied environmental factors is primarily (if not only) related to their influence
on the pathogen virulence and aggressiveness.

Keywords: Race-specific resistance, Pathogen virulence, Pathogen aggressiveness, Disease
development indexes.

INTRODUCTION resistance alleles of the host plant (Flor,
1956, 1971).

However, in a disease triangle, the
resistance phenotype of plant is greatly
influenced by environmental abiotic factors.
For example, as earlier as in the 1920s, the
differences in wheat and oat seedlings
infection with rusts were revealed at
different temperatures (Waterhouse, 1929).
The changes in infection types for cereals
after infection with rusts under the influence
of temperature has been confirmed in many
experiments. A specific term “temperature-

Plants resistance to diseases is primarily
determined by the allele states of their major
and minor resistance genes and the
corresponding genes for virulence in
pathogens. Vertical (race-specific) resistance
is expressed if the pathogen has at least one
avirulence allele, and plant has a
complementary resistance allele. On the
contrary, susceptibility is observed in host
plant when pathogen possesses alleles for
virulence of all genes corresponding to all
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sensitive resistance genes” was even
proposed to describe this phenomenon
(Bromfield, 1961; Martens et al., 1967;
Dyck and Johnson, 1983; Browder and
Eversmeyer, 1986; Gousseau and Deverall,
1987; Mclintosh et al., 1995; Bryant, 2013;
Feng et al., 2019).

Information on the effects of the main
macro-nutrients on the cereal resistance to
biotrophic  pathogens is contradictory.
According to common viewpoint, nitrogen
fertilizers sharply decrease the resistance
and phosphorus, especially in combination
with potassium, increases it (Peresypkin,
1989; Dordas, 2008; Shkalikov et al., 2010).
This opinion has been proven (Howard et
al., 1994; Mascagni et al., 1997; Sweeny et
al., 2000; Atiq et al., 2017). Effect of
nitrogen fertilizer on resistance of barley
(Goncharova et al., 2005) and wheat
(Makarova, 2005) to rusts has been studied.
In some studies, on the contrary, there was
no significant effect of nitrogen on wheat
resistance to brown rust (Vavilov, 1918;
Stakman and Aamodt, 1924; Wilcoxon,
1980).

The effect of benzimidazole on cereals
resistance to rusts was also investigated
(Forsyth and Samborski, 1958). Differences
in the types of reaction to phytopathogens’
infection of intact plants and leaf segments
placed on this chemical solution were
studied for many cereal samples (Tyryshkin
et al., 2005, 2008). These differences were
thought to be ass°Ciated with the
benzimidazole induction of expression of
oligogenes for vertical resistance (Tyryshkin
et al., 2005, 2008).

Earlier, we showed that changes in the
degree of diseases development under the
influence of abiotic environmental factors
could be largely explained by their effect not
on the plant, but on the pathogens’ virulence
and aggressiveness (Tyryshkin, 2016).

At the same time, the effect of changes
under the influence of the environmental
factors in virulence and aggressiveness on
the degree of diseases development cannot
be considered as the final proof for the
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absence of direct influence of the same
factors on the change in plant resistance.
The objective of this work was to study
the possible effects of three environmental
factors including temperature, nitrogen salt,
and benzimidazole on specific and non-
specific resistance of wheat to leaf rust.

MATERIALS AND METHODS

Three abiotic environmental factors
including temperature, benzimidazole, and
nitrogen salt were studied for their possible
effect on vertical and horizontal resistance to
wheat leaf rust of six spring wheat varieties,
namely, Zhigulevskaya, Ivolga, Pamiaty
Azieva, Novosibirskaya 29, Leningradskaya
6, and Nadejda Kusbassa.

To this end, seeds of wheat varieties were
sown on cotton wool rolls in 4 cuvettes.
Three cuvettes were placed in light chamber
(22°C, 2500 Lux), and one was placed in
light chamber at 28°C. Nine days after
sowing, seedlings (1-2 leaves stage) growing
in one cuvette at 22°C were abundantly
poured with ammonium nitrate solution
(concentration 1.29 g L) (variant N3). Next
day, intact plants of the 3 treatments (22°C —
watering (control), 22°C - poured with
ammonium nitrate solution, and 28°C -
watering) were placed in  cuvettes
horizontally. From seedlings in the 4™
cuvette, leaf segments 5 cm in length were

put on cotton wool wetted with
benzimidazole solution (concentration 60
mg/L).

Intact plants and leaf segments were
sprayed with water suspensions of the rust
causal agent uredospores (3x10% spores mL-
1) using hand atomizer. Complex population
of Puccinia triticina Erikss, sampled on
susceptible wheat varieties in 2020 in North-
West Region of Russia, was used for
in°Culation.

Cuvettes were covered with polyethylene
film and glasses and placed in chamber at
22°C in darkness. The cuvette, in which
seedlings were grown at 28°C was placed in
a chamber at the same temperature. After a
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day, the polyethylene and glass were
removed, the intact plants being returned to
a vertical position and put under light. The
cuvette with leaf segments on the
benzimidazole was covered with glass. Ten
days later, the number of rust pustules in the
middle part of 10 leaves of intact plants 5
cm long, as well as on the leaf segments on
the benzimidazole solution, was counted.

To study the influence of the factors on
race-specific resistance, 6 monopustule
isolates (= Clones= Single spore cultures) of
P. triticina were sampled from Nadejda
Kusbassa plants in control variant (pouring
plants with water, 22°C) of the first
experiment. These isolates were maintained
on leaf segments of the variety placed on
Water-Wetted Cotton Wool (WWCW). The
seedlings of 6 wheat varieties were grown in
cuvettes on a WWCW at 22 and 28°C.

To study the effect of benzimidazole, each
pathogen’ isolate was used to infect 10 leaf
segments of Nadejda Kusbassa variety
placed on a WWCW at 22°C. Four days
later, 5 segments were transferred onto
cotton wool wetted with benzimidazole
solution (60 mg L?). Clones multiplied in
the presence of benzimidazole were used to
in°Culate leaf segments of experimental
wheat varieties, placed on WWCW. For
in°Culation, leaf with several well-formed
pustules was tightly attached to leaf
segments, and then these leaf segments were
pulverized with water The same clones,
multiplied on the leaf segments on WWCW,
were used to infect wheat varieties leaf
segments on water and on benzimidazole.

To study the effect of the nitrogen salt,
each isolate of the pathogen was used to
infect leaf segments of Nadejda Kushassa
placed on WWCW at 22°C. Four days later,
5 segments were transferred onto cotton
wool wetted with ammonium nitrate solution
(1.29 g LY. Clones multiplied under the
presence of the salt were used to in°Culate
the varieties leaf segments placed on a
WWCW. Clones multiplied on water-placed
leaf segments were used to infect leaf
segments of experimental wheat varieties on
water and on ammonium nitrate solution.
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To study the effect of temperature, each
pathogen isolate was used to infect leaf
segments of the susceptible variety placed
on WWCW at 22°C and, after four days, 5
segments were transferred to WWCW at
28°C. Clones of the pathogen multiplied at
28°C were used to in°Culate incubated at
22°C leaf segments of the varieties’ plants
grown at 22°C too. Clones multiplied at
22°C were used to in°Culate leaf segments
of seedlings grown at 22°C and incubated at
the same temperature (control). The same
clones were used to in°Culate leaf segments
of seedlings grown at 28°C and incubated at
22°C, as well as leaf segments of seedlings
grown at 22°C, but incubated at 28°C.

Infection types were scored 8 days after
in°Culation according to Mains and Jackson
(1926), where 0 is host resistance, pathogen
avirulence and 3 — plant susceptibility,
pathogen virulence.

To study the effect of environmental
factors on nonspecific resistance, seedlings
of wheat varieties Zhigulevskaya and
Leningradskaya 6 were grown in the light
chamber at 22°C. Leaf segments were
placed in 3 cuvettesss on WWCW,
benzimidazole solution (60 mg L7?), and
NH4NO; (1.29 g L1). The segments in each
cuvette were in°Culated with complex
population of P. triticina and incubated at
22°C, except the cuvette with leaf segments
on WWCW were placed in light chamber at
28°C. As a result, 6 subpopulations were
developed, and they were maintained on
water-placed leaf segments of
Zhigulevskaya and Leningradskaya 6
varieties.

To study the effect of benzimidazole on
nonspecific resistance, a subpopulation
sampled from a variety leaf segments,
placed on the chemical solution, was
multiplied in 2 cuvettes on leaf segments of
the same variety placed on WWCW or
benzimidazole. Suspensions of uredospores
of the same concentration were prepared
from these two formed in°Culums. The
spores’ concentration was determined after
their count in 5 pL suspension drops under
light microscope (x56) and was equaled by
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adding water. Leaf segments of each variety
seedlings were placed in 3 cuvettes: Two on
WWCW, one on cotton wool wetted with
benzimidazole solution. Leaf segments on
water were infected with subpopulations of
the pathogen multiplied on water and
benzimidazole, and leaf segments on
benzimidazole were infected with a
subpopulation multiplied on leaf segments in
water.

Analogical experiment was done with
solution of NH4NOs to reveal the effect of
nitrogen salt on horizontal resistance.
Subpopulation from a variety leaf segments,
placed on ammonium nitrate, was multiplied
in 2 cuvettes on leaf segments of the same
variety placed on water-wetted or salt
solution wetted cotton wool. After 10 days
suspensions of uredospores of the same
concentration were prepared from these 2
cuvettes. Leaf segments of each variety
seedlings were placed in 3 cuvettes: two on
WWCW, one on cotton wool wetted with
ammonium nitrate solution. Leaf segments
on water were infected with subpopulations
of the pathogen multiplied on water and
NHsNO;, and leaf segments on the salt
solution were infected with an in°Culum
multiplied on leaf segments in water.

To study the effect of temperature,
subpopulation sampled from a certain
variety at 28°C was reproduced on leaf
segments of the same variety incubated at 22
and 28°C. Spores’ suspensions from these 2
in°Culums were created and uredospores
concentrations in them were equaled.
Segments of the experimental varieties
leaves infected with subpopulation and
multiplied at 22°C were incubated at 22 and
28°C, and those infected with in°Culum and
multiplied at 28°C were incubated at 22°C.

Eight days after the infection, the number
of pustules on leaf segments and average
number of spores in pustules were
calculated. To determine uredospores’
amount, suspension of spores from 25
pustules was prepared in 2 mL of water, and
spores’ number was determined in 3 drops
of 2 uL volume under light microscope.
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Statistical data analysis was carried out
using single-factor ANOVA test
(Dospekhov,  1979). For statistically
significant differences, criterion of Least
Significant Difference (LSD) was used.

RESULTS AND DISCUSSION

For seedlings of all 6 experimental
varieties of wheat, significant decreases in
the development of leaf rust was observed
under the influence of 3 abiotic
environmental factors — two chemical
(solution  of benzimidazole and of
ammonium nitrate) and one physical factor
(temperature) (Table 1).

On average, ammonia nitrate solution,
high temperature, and benzimidazole
decreased the number of rust pustules in
wheat varieties by 62.7, 59.1, and 64.0%,
respectively. These changes in rust
development were previously regarded as
evidence for the effect of environmental
factor directly on the expression of plant
resistance genes (Martens et al., 1967; Dyck
and Johnson, 1983; Gousseau and Deverall,
1987; Ramage and Sutherland, 1995;
Goncharova et al., 2005; Makarova, 2005;
Dordas, 2008; Tyryshkin et al., 2005, 2008).

At the same time, they can be the result of
not only changes in resistance, but also of
changes in the pathogenic properties of the
parasite (virulence and aggressiveness).
Earlier, it has been shown that, under the
influence of several physical and chemical
factors, modification and variability of
virulence and aggressiveness of
phytopathogens is very common. To prove
this variability, an original experimental
approach was proposed. Environmental
factors influenced the pathogens when they
were multiplied on susceptible host
genotypes, and the experimental plant
genotypes that were used to study virulence
and aggressiveness, were not exposed to
these factors (Tyryshkin, 2016).

Theoretically,  the  third  possible
explanation of the drastic changes in leaf
rust development under abiotic factors could
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Table 1. Number of pustules per unit leaf surface area on wheat seedlings under different abiotic environmental
conditions.

[ Downloaded from jast.modares.ac.ir on 2024-05-10 ]

uredospores germination. However, in this
experiment,  evidently, no chemical
compound could influence the germination
rate because this pr°Cess is on leaf surface,
and benzimidazole and nitrogen salt are in
plant tissues. Moreover, in our previous
work, we did not find significant changes of
P. triticina spores germination rate under the
effect of benzimidazole, nitrogen salt, and
elevated temperature (Tyryshkin, 2016).

To identify possible changes in wheat
race-specific  resistance, we used an
approach of comparisons of infection types
(phenotypic result of interaction of major
genes for resistance in plant and for
virulence in parasite) of wheat genotypes to
infection with monopustule P. triticina
isolates in 3 variants of the treatment. First,
neither the plant nor the pathogen was
subjected to certain abiotic factor. Second,
host leaves not subjected to the factor were
infected with the pathogen isolates
multiplied under the factor influence. Third,
host leaves were subjected to the factor and
infected with isolates multiplied in the
absence of this factor. The differences in
reaction types between first and second
treatments would indicate changes of the
pathogen virulence under the effect of a
certain factor. Reduction in infection types
in treatment 3 compared to treatment 2
should clearly indicate the direct effect of a
factor on host vertical resistance.

Changes in infection types from 3
(susceptibility/virulence) on leaves placed
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Variants
Intact plants, pouring, Leaf segments on,
Variety temperature temperature

Water . o Water, - o LSD

(22°C) Solution N3 (22°C) (28°C) Benzimidazole (22°C)
Zhigulevskaya 45.3 12.1 24.3 13.3 3.2
Ivolga 38.1 14.6 8.4 5.2 5.0
Pamiaty Azieva 38.3 11.0 15.2 19.2 4.7
Novosibirskaya 29 41.2 19.1 16.1 17.1 6.0
Leningradskaya 6 42.0 18.9 19.2 12.2 3.3
Nadejda Kusbassa 50.8 19.6 21.3 25.1 6.3
be their influence on decrease of on water and infected with P. triticina

isolates and multiplied on leaves on water,
up to 0 on leaf segments on water, after
infection with the isolates and multiplied in
the presence of benzimidazole, were
observed in 14 cases out of 36 pairs of
interaction (Table 2). Evidently, these
changes indicate high frequency of
variability in phenotypical expression of
virulence under the chemical effect. In this
treatment, leaves of wheat varieties did not
have contact with benzimidazole.

In all the studied combinations, the
infection types of leaves on benzimidazole
infected with the fungus clones and
multiplied in the absence of the factor,
coincided with those leaf segments in water
that were infected with pathogen isolates
and multiplied in the presence of
benzimidazole (Table 2). In our viewpoint,
this indicates that the chemical does not
directly affect the resistance of wheat
varieties to the leaf rust pathogen genotypes
under study. If it were not so, in some cases,
we should have observed lower infection
types in the first case.

At incubation of leaf segments on
ammonium nitrate solution, a decrease in
infection types compared to the incubation
of leaves in water was found in 19 out of 36
pairs of interaction (Table 3). This could be
the result of changes in the virulence of
some pathogen clones under the influence of
this chemical factor, and/or change in race-
specific resistance.
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Table 2. Effect of benzimidazole on infection types of wheat leaf segments after inoculation with P. triticina clones.

No clone Leaf segment The clone Infection type
incubation multiplication on

© g ©

2 ks s g
¥ g z 5 B3
> X ho] o D
2 S 2 £ S 28
2 S kS S 2 22
= = % 8 S 4

N F 3 9

Z

Water Water 3 3 3 3 3 3
1 Water Benzimidazole 3 0 3 3 0 3
Benzimidazole Water 3 0 3 3 0 3
Water Water 3 3 3 3 3 3
2 Water Benzimidazole 3 3 0 3 0 0
Benzimidazole Water 3 3 0 3 0 0
Water Water 3 3 3 3 3 3
3 Water Benzimidazole 0 3 3 3 3 0
Benzimidazole Water 0 3 3 3 3 0
Water Water 3 3 3 3 3 3
4 Water Benzimidazole 3 0 3 0 3 3
Benzimidazole Water 3 0 3 0 3 3
Water Water 3 3 3 3 3 3
5 Water Benzimidazole 0 3 0 3 3 3
Benzimidazole Water 0 3 0 3 3 3
Water Water 3 3 3 3 3 3
6 Water Benzimidazole 3 0 3 0 3 0
Benzimidazole Water 3 0 3 0 3 0

Table 3. Effect of nitrogen salt on infection types of wheat after inoculation with P. triticina clones.

No clone Leaf segment The clone Infection type
incubation multiplication on © ©
Y 3 g g
& -% ) ) S
% < % = >3
> = < £ 3 B
2 o > oA © < 2
> = < D > Z 3
=2 I= <} = XY
N s 3 =
o zZ il
Water Water 3 3 3 3 3 3
1 Water N3 0 0 3 0 3 0
N3 Water 0 0 3 0 3 0
Water Water 3 3 3 3 3 3
2 Water N3 0 0 3 3 3 3
N3 Water 0 0 3 3 3 3
Water Water 3 3 3 3 3 3
3 Water N3 3 0 3 3 0 0
N3 Water 3 0 3 3 0 0
Water Water 3 3 3 3 3 3
4 Water N3 3 0 0] 3 0 3
N3 Water 3 0 0 3 0 3
Water Water 3 3 3 3 3 3
5 Water N3 0 3 0 0 3 0
N3 Water 0 3 0 0 3 0
Water Water 3 3 3 3 3 3
Water N3 3 0 0 0 3 3
N3 Water 3 0 0 0 3 3
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The results of infection of leaf segments on
water with P. triticina clones and multiplied
in the presence of ammonium nitrate
indicate the correctness of the first
hypothesis.

For the wvarieties whose leaves were
incubated in the presence of the factor,
susceptibility to clones did not alter
virulence, because of their reproduction in
presence of ammonium nitrate. This
indicates that NH4sNOz had no effect on
vertical resistance of the studied wheat
genotypes.

No changes were recorded in the infection
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types under the influence of increased pre-
in°Culation temperature of seedling growth
(Table 4). In 18 out of 36 pairs of
interaction, leaf segments incubated at 22°C
and multiplied at 2 different temperatures
showed differences in the types of reactions
to the infection by pathogen isolates (Table
4). This fact confirmed the earlier
conclusion on the high-frequency effect of
this factor on the phenotypical expression of
the pathogen virulence (Tyryshkin, 2016).

In all combinations of interaction, an
absolute coincidence in infection types was
recorded for the leaf segments incubated at

Table 4. Effect of temperature on infection types in wheat leaf segments after inoculation with P. triticina
clones.

[ Downloaded from jast.modares.ac.ir on 2024-05-10 ]

No clone Temperature Temperature Temperature Infection type
of seedlings of leaf segments of the clone = < ©
growth (°C) incubation (°C)  multiplication (°C) 2 5 ®© S
r N g g B9
s S < %, B T8
S 5 2 533 £ 8@
2 2 2 3 2 =23
N § ¢ £ X
[a 2 -
22 22 3 3 3 3 3 3
1 22 22 28 3 3 0 3 0 3
28 22 3 3 0 3 0 3
28 22 22 3 3 3 3 3 3
22 22 3 3 3 3 3 3
2 22 22 28 0 0 3 0 3 0
28 22 0 0 3 0 3 0
28 22 22 3 3 3 3 3 3
22 22 3 3 3 3 3 3
3 22 22 28 3 0 3 3 0 3
28 22 3 0 3 3 0 3
28 22 22 3 3 3 3 3 3
22 22 3 3 3 3 3 3
4 22 22 28 0 0 3 0 3 0
28 22 0 0 3 0 3 0
28 22 22 3 3 3 3 3 3
22 22 3 3 3 3 3 3
5 22 22 28 3 3 0 0 3 0
28 22 3 3 0 0 3 0
28 22 22 3 3 3 3 3 3
22 22 3 3 3 3 3 3
6 22 22 28 0 0 3 3 0 3
28 22 0 0 3 3 0 3
28 22 22 3 3 3 3 3 3
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28°C, infected with P. triticina isolates, and
multiplied at 22°C, and the leaf segments
incubated at 22°C, infected with pathogen
isolates, and multiplied at 28°C, (Table 4).
This fact proves that in wheat varieties under
study, temperature has no effects on vertical
resistance to given P. triticina clones. In the
case of such influence, lower infection types
must be observed in the first treatment in
comparison with the second, at least for some
combination of variety — isolate.

Theoretically, the changes in the degree of
leaf rust development on wheat varieties
seedlings under the influence of the
environmental factors could be explained also
by changes in plant race-nonspecific resistance
and/or changes in the aggressiveness of P.
triticina.

To verify these hypotheses, 6 artificial
subpopulations of the rust pathogen were
created multiplying initial complex P. triticina
population on leaves of two wheat varieties
under the influence of abiotic environmental
factors. As a result, each subpopulation
represented a mixture of the rust isolates
virulent to a certain variety in the presence of
specific factor (avirulent under certain
conditions isolates were discarded during the
multiplication). These subpopulations,
multiplied under control conditions (leaf
segments on water, 22°C), were used to infect
leaf segments on water at 22°C and leaf
segments incubated in the presence of the
studied factors. Additionally, leaf segments on
water were in°Culated with suspensions of
uredospores from the same subpopulations but
multiplied in the presence of a specific factor.
Before in°Culation, the spores’ concentrations
in the two suspensions used for in°Culation in
each experiment were equaled.

Significant  differences in the  rust
development under the influence of 3 abiotic
environmental factors were found after
in°Culation with mixture of P. triticina clones
virulent to wheat genotypes under specific
conditions. On average, for the two wheat
varieties, the number of pustules per leaf
surface unit decreased by 58.7, 51.2 and
40.8% compared to the control in the variants
of seedling segments incubation in the
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presence of benzimidazole, ammonium nitrate,
and at increased temperature, respectively.
Compared to the control, the average number
of uredospores in pustule in these variants
decreased by 314, 39.6, and 27.6%,
respectively (Table 5).

Thus, the studied factors reduced 2 indexes
of rust development on 2 wheat varieties under
study, after infection with rust subpopulations
represented by mixture of pathogens
genotypes virulent to these plant genotypes. It
is obvious that, in this case, the decrease
cannot be due to a change in virulence of some
isolates in  the subpopulations, but
theoretically, it can be explained by the
influence of a factor on the aggressiveness of
pathogens and/or on the horizontal resistance
of the varieties. Reduction of indexes of rust
development in the variant of infection of
leaves, not exposed to the factors, with the
parasite subpopulations multiplied at their
presence (Table 5), indicates the influence of
the three studied abiotic factors on the
aggressiveness of the pathogen
subpopulations.

No significant differences were found in
wheat varieties for leaf rust development
between the variants of infection of leaf
segments, incubated in the presence of a factor
and infected with subpopulation of pathogen
multiplied in the absence of this factor, and
leaf segments incubated in water at 22°C and
infected with subpopulation multiplied in the
presence of the factor (Table 5).

This fact indicates the absence of significant
influence of nitrogen salt, benzimidazole, and
high temperature directly on the change in
race-nonspecific resistance in the studied
wheat varieties. If such an effect had been
observed, the number of pustules and/or the
number of spores in pustules, would have been
different in the different wvariants of
experiments (at least for one factor).

CONCLUSIONS

A study of the effect of benzimidazole,
ammonium nitrate, and increased
temperature on the results of infection with
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Table 5. Effect of abiotic environmental factors on average P. triticina pustules number per leaf and their
productivity after inoculation with virulent subpopulations of the pathogen.

Leaf segments Subpopulation Variety
incubation on multiplication Zhigulevskaya Leningradskaya 6
Pustules Uredospores Pustules Uredospores
number number in number number in
pustule pustule
Factor—Benzimidazole
Water Water 19.6 1380.0 20.1 1420.0
Benzimidazole Water 8.6 980.0 7.8 940.0
Water Benzimidazole 8.4 960.0 8.3 980.0
LSD 4.1 120.0 3.8 120.0
Factor—Ns;
Water Water 235 1300.0 18.3 1380.0
N3 Water 10.5 820.0 9.9 800.0
Water N3 10.4 820.0 8.7 840.0
LSD 4.2 105.0 2.1 100.0
Factor—Temperature
22°C 22°C 18.5 1320.0 18.3 1360.0
28°C 22°C 13.9 900.0 7.9 1040.0
22°C 28°C 13.7 920.0 8.1 1100.0
LSD 4.4 110.0 3.9 125.0

leaf rust pathogen showed a change in the
degree of the disease development on
seedlings of 6 wheat varieties under the
influence of these abiotic factors. No
influence of the 3 factors on the changes in
specific ~ (vertical) and  non-specific
(horizontal) seedling resistance to the rust
was revealed. Evidently, it cannot be
concluded that such influence does not exist
at all. It is obvious that a significant decrease
in the development of the disease under the
influence of the studied abiotic factors is
related first of all (and highly likely it is the
only reason), to their effect on the
modification and variability of the virulence
and aggressiveness of the pathogen.
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