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Study of yellow rust infection on various winter wheat genotypes
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Abstract: Winter wheat (Triticum aestivum L.) is our most important cereal. During its production several
pathogens can infect the population. In our two-year study susceptibility of 9 winter wheat genotypes against
the pathogen Pucciniastriiformis var. striiformis was investigated by three different nitrogen supply levels on a
humous sandy soil type. Percentage frequency of yellow rust infection was lower in case of the genotypes Hystar,
Mv. Csárdás, Mv. Magdaléna than in case of HK1307, 1304KV, Antonius or Hywin. Based on our results it can
be stated that in the crop year 2016 the highest susceptibility towards the pathogen yellow rust was observed for
the winter wheat variety GK Csillag. No consequent effect of nitrogen active substance treatments on yellow rust
infection could be stated, different applied nitrogen dosages did not affect the infection rate of different genotypes
to a statistically verifiable extent.
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Introduction

stripe rust resistance in wheat has been identified
(McIntosh et al. 2011, (I1)), but need to know
As a result of the production area of winter more about the effect of several conditions.
wheat the extent of yield loss due to pathogens is
rather significant, which is combined with both Nitrogen (N) nutrition is thought to be an
weather conditions favourable for the infection important environmental factor affecting
of some pathogens, and the susceptibility of quantitative resistance: high N is associated
different genotypes towards pathogens. Yellow with increased severities of some foliar diseases
rust infection occurs in Hungary quite seldom, such as cereal rusts and powdery mildew. Severe
but in outbreaks (1977, 1985, 1994, 1995, 2000, epidemics of yellow rust and substantial effects
2001, 2014) (Békési and Viola 2000, Csősz of N treatment on disease severity were observed
et al. 1993, Csősz 2005, Limpert et al. 1994, by Bryson et al. (1995) and Paveley et al. (2005).
Szunics et al. 1989) that is a consequence of Different mechanisms have been suggested
the low temperature demand of the infectious to be involved in this response. Some studies
pathogen (Szepessy 1977, Barabás 1987). suggest that increased crop density and canopy
Leaf rust, occurs worldwide wherever wheat density associated with N fertilisation creates
is grown. Among the rusts, yellow (stripe) rust a more favourable microclimate for stripe rust
is the most serious in globally. Pustules are development (Ash and Brown, 1991; Danial
light yellow and occur on leaves in distinct and Parlevliet, 1995)
straight-sided stripes about 1/16 inches wide Timing of nitrogen supply in wheat production
and of regular length. The spores are yellow is important, because in the early development
to orange in colour (Wellings 2011). Yellow stages (BBCH 30-50) wheat plants utilize the
rust is a highly destructive disease threatening applied nitrogen, but their resistance against leaf
wheat production and quality worldwide. This diseases decreases in this stage (Nelson, 1982).
is mainly due to the pathogen’s ability to mutate Hornok and Pepó (2005) studied the resistance
and multiply rapidly as well as to use its air borne and yield of a winter wheat genotype in their
dispersal mechanism from one field to another experiment in case of the application of different
(Brown and Hovmøller 2002). In case weather pre-crops and plant protection technologies.
conditions are favourable for the pathogen and Regarding the three studied crop years higher leaf
the applied genotype is susceptible, the extent of rust infection rate was observed after wheat preyield loss may even range between 40 and 70% crop. Unfavourable effects of different pre-crops
(I2). A number of genes controlling yellow or (winter wheat, maize or pea) could be reduced
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using intensive crop protection technologies.
The studied genotypes showed susceptibility
towards leaf rust (16.4%) in his experiment.
According to the results of Vári and Pepó (2012)
it can be stated that weather conditions that are
more humid and warmer than the average are
favourable for the occurrence and spread of
the leaf rust pathogen. In case of an extensive
plant protection experiment they found an
infection rate of 24% for the pre-crop maize,
and 31% for pea in case of the nutrient supply
level of N200+PK. Furthermore they concluded
that pathogen infection parameters increased
parallel to increasing nutrient supply levels. In
the present study following objectives were set:
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type MOTIC SMZ 168. Disease scoring was
executed in four replications. Percentage of
yellow rust infected leaf area was determined.
Degrees of yellow rust (Puccinia striiformis var.
striiformis) severity was determined according
to the modified Cobb-scale (Figure 1).

Figure 1. The modified Cobb-scale: severity of rust
infection

Monitoring of yellow rust (Puccinia striiformis
var. striiformis) was executed on the following
• Parameterisation of 9 studied winter wheat dates:
genotypes yellow rust (Puccinia striiformis • 9.06.2015. (on the figures marked as 2015.)
var. striiformis) infection rates.
• 06.06.2016. (on the figures marked as 2016.)
• Quantification of the effect of different
nitrogen active substance dosage applications During the experiment daily average temperature
with regard to yellow rust infection rate in and daily amount of precipitation were recorded
case of different winter wheat genotypes. as well. Daily average temperature was over
10 °C from the end of March in both studied
• Evaluation of the effect of different nitrogen crop years that was favourable for the pathogen
supply levels on the yellow rust infected development. In case of yellow rust germination
leaf area in case of different winter wheat and infection optimum of uredospores is between
genotypes.
10-15 °C (I2), thus temperature was favourable
for the infection of the pathogen already in the
Materails and methods
beginning – middle of April.
Small plot field experiments were set up in Regarding precipitation it can be stated that May
October 2014 and 2015 with 9 winter wheat was rather wet in both crop years (2015: 52.5
genotypes (1304 KV, HK1307, HB0304, Mv mm; 2016: 66.8 mm), that was favourable for
Csárdás, GK Csillag, Mv Magdaléna, Antonius, the multiplication and spread of the pathogen.
Hywin, Hystar) and 3 nitrogen supply levels
For data analyses ANOVA tests were conducted
(N0 kg·ha-1, N30 kg·ha -1, N120 kg·ha -1) with
using the Tukey’s Multiple Range Test for
4 replications on humous sandy soil at the
mean separation. The analysis of all data was
Nyíregyháza Research Institute of the University
conducted using SigmaPlot for Windows Version
of Debrecen, Institute of Agricultural Research
12.0 (Systat Software Inc., Germany) with the
and Educational Farm. The studied 9 genotypes
significant level determined at 95% confidence
consist of landraces (1304 KV, HK1307,
limit (p≤0.05).
HB0304), widespread Hungarian varieties (Mv
Csárdás, GK Csillag, Mv Magdaléna), hybrids
(Hywin, Hystar), and an Austrian winter wheat Results
variety (Antonius).
The effect of genotypes and nitrogen supply
Before the evaluation leaf samples with visible on the severity of winter wheat (Triticum
symptoms were collected – 3 leaves per pot –and aestivum L.) yellow rust (Puccinia striiformis
pathogens were identified with a microscope var. striiformis) infection was studied on
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Figure 2. The effect of genotypes and nitrogen supply on the development of yellow rust (Puccinia striiformis var.
striiformis) infection rate of winter wheat (Triticum aestivum L.) on humous sandy soil (Nyíregyháza, 2015-2016)
n=4, ±s.e. No significant differences between treatment and varieties at p≤0.05 level

Figure 3. The effect of genotypes and nitrogen supply on the development of yellow rust (Puccinia striiformis var.
striiformis) infected leaf area of winter wheat (Triticum aestivum L.) on humous sandy soil (Nyíregyháza, 20152016) n=4, ±s.e. No significant differences between treatment and varieties at p≤0.05 level.
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humous sandy soil (Figure 2). Regarding the
results of 2015 it can be stated that there was
no significant difference between the infection
frequency of the pathogen in case of different
genotypes and nitrogen treatments. In the 2016
vegetation period the infection rate (%) was
generally 3-4 times more, than in 2015. In the
crop year 2016 no stable statistically verifiable
difference was observed regarding the average of
the nitrogen supply treatments. Infection rate of
the studied Hystar, Mv Csárdás, Mv Magdaléna
winter wheat genotypes was lower, than that of
genotypes Antonius, Hywin, HB0304, HK1307
and 1304KV. Independent from nitrogen supply
levels significantly higher infection rates were
observed for the variety than in case of other
genotypes or the respective nitrogen supply levels.
However, this tendency could not be revealed in
the crop year of 2015.
The yellow rust infected winter wheat leaf area
rates (%) were also determined in the different
crop years (2015, 2016) (Figure 3). In the crop
year 2015 the infected leaf area rate was higher in
case of the genotypes 1304 KV, Antonius, Hywin
and Hystar by the nutrient treatment N120, than in
case of the supply level N30. In 2016 the severity
(%) was much higher in HK1307 and GK Csillag,
than in 2015. Regarding the results of 2016 it
can be concluded that the genotype GK Csillag
showed higher susceptibility towards yellow rust
than any other studied genotype. However, in
case of the other studied genotypes and nitrogen
supply levels no significant difference was found
between the rate of infected leaf areas.
Discussion
In the present study susceptibility of 9 winter
wheat genotypes towards yellow rust (Puccinia
striiformis var. striiformis) infection by the
application of different nitrogen supply levels was
studied under field conditions on a humous sandy
soil type. The infection rate of the genotypes
Hystar, Mv Csárdás, Mv Magdaléna was lower
than that of the genotypes HK1307, 1304KV,
Antonius and Hywin.
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In the crop year 2016 the genotype GK Csillag
showed the highest susceptibility towards yellow
rust pathogen, but between other genotypes
there were no statistically verifiable differences.
Some studies suggest that increased crop and
canopy density due to N fertilisation means a
more favourable microclimate for yellow rust
development (Ash and Brown, 1991; Daniel
and Parlevliet, 1995), thus increased nitrogen
fertilization should increase the infection rate
of yellow rust. In our study the increased
nitrogen treatments did not affect the yellow
rust infection frequency and infection rate, there
was no statistically differences between the
treatments. Other mechanisms suggested in the
literature from studies on a range of pathosystems
include changes in biochemical processes in
the plant, such as a decrease in the content of
phenol with an increase of nitrogen application
(Király, 1964) and changes in crop canopy
structure (Tompkins et al. 1992). Early studied
declared, that increases in the severity of yellow
rust (Huber and Watson, 1974) were observed
with application of nitrate-N, but decreases were
observed with ammonium-N, although both N
forms would have been expected to increase
canopy size.
Different sensitivity was found among the
genotypes, breeding for resistance to yellow rust
and developing new resistant cultivars became
the main target in wheat breeding programs
and considered as the most economical and
effective way to eliminate the use of fungicides
and reducing crop losses caused by the disease.
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