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ABSTRACT

Stripe rust (SR) caused by Puccinia striiformis Westend. f. sp. tritici Erikss (Pst) is one of the most important
and destructive disease of wheat worldwide. In Pakistan, stipe rust appeared as epidemic and is causing
huge losses to wheat production. However, wheat breeding programs are not sufficiently advanced to
cope with the recently emerged Puccinia striiformis strains. Under this scenario, current research was car-
ried out for safe, effective and sustainable management of stripe rust of wheat. Seven wheat varieties
include Sehar-06, Galaxy-13, Abdul Sattar-02, Faisalabad-08, Johar-16, TD-1 and Ujala-16 were planted
at research farm of Muhammad Nawaz Shareef University of Agriculture, Multan, Pakistan during
November 2019-20 and 2020-21 to determine their response toward Puccinia striiformis. The fungicide
Tilt®, propiconazole, (T,) at the rate of 3 mL per 1500 mL water was used while the Bacillus subtilis (T,)
was added at rate of 0.25 mL/1500 mL water with 15 g of dextrose, 0.25 g of chitosan and 0.25 g of sal-
icylic acid in 1500 mL water to make a fine suspension. Our results showed that Ty reduced the disease
effectively up to (8.18%) followed by T, (10.7%) as compared to To (23.8%). The correlation between min-
imum air temperature, relative humidity and disease severity was highly significant while with maxi-
mum air temperature it was negatively non-significant. Also, wind speed, solar radiation and rainfall
showed non-significant correlation with disease severity. After treatment, application of T; and T, min-
imum air temperature expressed a significant correlation with disease severity on varieties Sehar-2006,
Galaxy-13 and Abdul Sattar-02 while non-significant correlation with disease severity on varieties
Faisalabad-08, Johar-16, TD-1 and Ujala-16. Similarly, maximum air temperature, relative humidity, wind
speed and solar radiation showed non-significant correlation with disease severity while rain fall was
negatively non-significant. The current study showed that Bacillus subtilis is an ecofriendly management
of stripe rust and its combination with plant defense activators enhance the efficacy and suppress dis-
ease. This management strategy is an innovative, and the results obtained will be helpful for better, eco-
friendly and effective management of disease.
© 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Wheat (Triticum aestivum L.) belongs to the family Poaceae and
the genus Triticum. It's one of the important food crops for an indi-
vidual that has been eaten all over the world (Weiss and Zohary,
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2011). It began to spread out from the Mediterranean Basin into
eastern and western Europe between 4000 and 3500 BCE
(Bonjean, 2016a, b) and is the first-ever cultivated crop that plays
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a vital role in Pakistan’s food economy (Raza et al., 2019). Pakistan
is the 7th largest wheat-growing country in the world and wheat
production enhanced from 7,294 thousand tonnes in 1970 to
24,300 thousand tonnes in 2019, rising at an annual average rate
of 2.83%. Wheat has significant nutritional value as it provides
about 78.10% of carbohydrates, 14.70% of protein, 2.10% of fat,
2.10% of minerals, vitamin B complex, zinc, iron, selenium, and
magnesium (Topping, 2007; Shewry and Hey, 2015).

Various factors like climatic factors, pests, and diseases are
involved in the reduction of wheat yield (Singh et al., 2016a).
Among them, wheat rust is the world’s most critical disease
(Dean et al., 2012). Stripe rust (SR), also known as yellow rust is
a disease that affects wheat (Triticum aestivum L.) and is caused
by the bio tropic fungus Puccinia striiformis Westend. f. sp. trit-
ici Erikss (Pst) (Chen et al., 2014). SR is a disease that causes severe
losses to wheat production in cold climates and moist weather
zones, especially major wheat-producing countries like Australia,
France, Canada, India, China and United States (Ali et al., 2017)
and now severely damaging the wheat growing in Pakistan. There
are various management strategies to control rust disease like
resistant cultivars, fungicide application and biological control.
The selection of a plant variety that has resistance or tolerance to
disease makes it possible to avoid or lessen the use of pesticides
(Gebhardt and Valkonen, 2001). It's important to discover certain
cultivars that have resistance for SR but it may not be feasible to
find resistant varieties to all pathogen strains in a specific area,
so it is important to identify the pathogen strains that are the most
damaging in an area and find suitable resistant source (Pedley and
Martin, 2003). On the contrary, pesticides and fertilizers usage is
polluting the environment and it’s also believed that pesticides
induce cancer in human beings (Islam et al, 2015;
Thongprakaisang et al., 2013).

Currently, the key reality is that the entire agriculture sector is
being shifted towards biological control strategy for the manage-
ment of plant diseases in developed as well as developing coun-
tries. Biological control agents induce systemic resistance that
strengthens the mechanical and physical vigor of the cell wall
and alters the host biochemical and physiological activities
(Naeem et al., 2015). Bio-inoculants help in lowering the disease
by using various mechanisms like the development of sidero-
phores; secondary antimicrobial metabolites and lytic enzyme
secretion (Keswani et al., 2014). Bio-controls promote plant growth
by developing fluorescent siderophores bonded to a central molec-
ular iron in the area of rhizosphere, rendering it less approachable
for other challenging microorganisms (Singh et al., 2014). Keeping
in view the economic importance of SR, lethal impact of pesticides
on ecosystem and unavailability of resistant source against SR; the
current study was planned to minimize the losses caused by SR
through the identification of suitable resistant varieties and the
role of environmental factor’s in SR development. The use of a
new biological control formulation and its combination with plant
defense activators for the management of SR is an innovative
approach in the current study.

2. Material and methods
2.1. Screening trial

The seven wheat varieties i.e. Sehar-06, Abdul Sattar-02, Ujala-
16, Galaxy-13, Faislabad-2008, TD-1 and Johar-16 were collected
from Punjab Seed Corporation. Screening trial, with three replica-
tions of each variety, was conducted to check the relationship
between disease and environmental factors like maximum air tem-
perature, minimum air temperature, relative humidity, wind speed
and rainfall.
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2.2. Disease management trial

Two trials were conducted at MNSUAM, Multan on loamy soil
during growing seasons 2019-20 and 2020-21 from November
to April. The disease appeared naturally in both trials and disease
severity data was recorded by data chart (Line and Qayoum,
1992). The two independent trials were conducted using the seven
wheat cultivars Sehar-06, Abdul Sattar-02, Ujala-16, Galaxy-13,
Faislabad-08, TD-1 and Johar-16. The experimental set-up was a
completely randomized block design with 3 replication, control
(C), biological (B), fungicide (F), and there was 5 rows of each repli-
cations of each variety. A plot size of 2722.51 ft? (35 ft length and
65 ft width) and with 6 ft space between the plots. Plots were sown
with a plot sowing machine at 2-4 cm depth aiming at 400 seeds
per m?. Chemical control was done using Tilt® (Propiconazole)
fungicide by adding 3 mL fungicide in 1500 mL of water to prepare
a fine suspension and mixed properly. The purpose was to check
the comparison between biological control agent and fungicide in
2019-20 and 2020-21 respectively. Bio-control agent used was
B. subtilis. The nutrient media was prepared and autoclaved for
15 min at 121 °C at 15PSI. After inoculation it was kept at 37 °C
and later harvested manually. The culture was kept in distilled
water at 4 °C after harvesting. For the suspension bacterial strain
was added @ 0.25 mL/1500 mL water having 15 g of dextrose,
0.25 g of chitosan and 0.25 g of salicylic acid in 1500 mL water
to make a fine suspension. Wheat crop was sprayed 4 times, first
sprayed at time of disease appearance then after 12 days, 10 days
and 9 days and data was recorded on regular basis. The products
were applied with a self-propelled sprayer operating at a speed
of 4.5 Km/h and height of 40 cm using Teejet 9504 nozzle. Disease
assessment was carried out visually as percentage of yellow rust
coverage of green leaves evaluated at specific leaf layers at inter-
vals of ten days.

2.3. Statistical analysis

Data of stripe rust as influenced by the treatment was statisti-
cally analyzed, analysis of variance of all treatments was deter-
mined through ANOVA technique using the software Statistix 8.1
and treatments were compared with LSD test at 5% level of proba-
bility. The Pearson’s correlation of environmental data and disease
was analyzed through SPSS Statistics 26 (IBM SPSS Inc.) software.

3. Results
3.1. Field trial

3.1.1. Screening and disease severity (%) of wheat varieties

Seven wheat varieties (i.e. Sehar-06, Galaxy-13, Abdul Sattar-
02, Faisalabad-08, Johar-16, TD-1 and Ujala-16) were screened
against stripe rust. The overall seasonal data showed that maxi-
mum disease was observed in Ujala-16 followed by TD-1, Johar-
16, Faisalabad-08, Abdul Sattar-02, Galaxy-13 and Sehar-06
(Fig. 1). The average disease severity percentage calculated in dif-
ferent varieties before and after application of treatments was
noted 17.3%, 15.1%, 14.3%, 14.2%, 13.2%, 12.8% and 12.8% in
Ujala-16, TD-1, Faisalabad-08, Johar-16, Abdul Sattar-02, Sehar-
06 and Galaxy-13 respectively as shown in (Fig. 2).

3.1.2. Overall efficacy of biological and chemical treatments

The results showed that biological control agent expressed
maximum suppression in disease severity as compared to fungi-
cide. In variety Ujala-16, the biological (B) treatment showed
9.58% severity as compared to fungicide (F), 13.4%, and control
(28.9%). In variety Galaxy-13, the control showed 21.6% disease
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Fig. 1. The response of wheat varieties against yellow rust in open field screening trial. The disease severity (%) data of yellow rust without any treatment. Bars are standard

errors of mean. The lettering on bars indicate the mean difference at 5%.
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Fig. 2. The average seasonal disease severity (%) of wheat varieties. The data taken before and after treatments at various time intervals. Bars are standard errors of mean. The

lettering on bars indicate the mean difference at 5%.

severity whereas the biological control treatment expressed 7.35%
severity as compared to fungicide that was 9.48%. Similarly, the
disease suppression of Sehar-06 was (7.58%) in biological control
agent while fungicide application showed (9.66%) and with no
application of biological and fungicide disease severity was
(21.29%).

Abdul Sattar-02 had (7.74%) disease severity followed by appli-
cation of biological agent while with application of fungicide Abdul
Sattar-02 expressed (9.74%) disease severity as compared to con-
trol (24.7%). Variety Johar-16 showed disease severity of (7.93%)
with the application of biological control agent and with applica-
tion of fungicide the disease severity was (10.6%) as compared to
control (25.1%). Faisalabad-08 had disease severity of (8.22%) in
application of biological control agent while with application of
fungicide disease severity was (11%) as compared to control
(23.7%). In TD-1, with the application of a biological agent disease
severity was (8.87%) and with the application of fungicide disease
severity was (11.3%) while in control disease severity was (25.1%).

Ujala-16 had disease severity of (9.58%) with the application of
biological control agent while with the application of fungicide dis-
ease severity was (13.45%) as the control, showed disease severity
of, 28.9%, (Fig. 3). The biological control agent results were more
efficient than the chemical. Interaction between days and disease
severity (%) indicated the overall severity (%) of wheat varieties.
At the day first with no application of any treatment the overall
disease severity was (12.2%) and very next day it was increased
to (16.2%). On day three and four disease severity was 14.4% and
16.4% respectively. The application of biological control agent
and fungicide was done on day four after disease appearance and
data was noted on day seven, after 3 days of application.

On day seven disease severity was noted at 12.1%. Disease
severity on day eight, nine, ten, and eleven was at 10.2%, 8.95%,
8.85%, and 10.3% respectively. Disease severity on day thirteen
was 10.9% and on day fourteen disease severity increased to
13.3% and raised up to 18.6% on day sixteen. After the second
spray, at day 16, of biological control agent and fungicide the
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Fig. 3. Efficacy of biological control and chemical control against wheat yellow rust (Varieties x Treatments) *(C = control; B = biological; F = fungicide).

disease severity was calculated 14.3% on day nineteenth, after
3 days of application. On day twenty and twenty one the disease
severity was 13.4% and 12.4% respectively. On day twenty two dis-
ease severity was 13% whereas on day twenty third it was noted,
14.6%. On day twenty four disease severity increase up to 17.3%.
On day twenty five disease severity was 17.9% and on day twenty
six disease severity was 18.8%. After third application of biological
control agent and fungicide, on day twenty six, results showed
clear reduction of disease severity at day twenty nine (16.5%),
thirty (15.7%) and thirty one (14.2%). After thirty two days the dis-
ease severity started increasing and reached upto 17.14% on the
day thirty four. The fourth application was done at thirty fifth
day. Data showed that the disease severity was reduced to 14.4%
(Fig. 3).

3.1.3. Response of treatments into days

Interaction between treatments and days expressed that at day
one, two, three and four the treatments i.e., biological, fungicide
and control, had disease severity of 12.2%, 16.2%, 14.4% and
16.4% respectively. The application on day four of biological control
agent and fungicide reduced the severity up to 10% and 8% respec-
tively on day seven as compared to control (18.5%). On day eight in
biological treatment the disease severity was noted 8.14% while in
fungicide 6.28% as compared to control (16.2%). On day nine dis-
ease severity of biological was 6.57% while disease severity in
fungicide application recorded same as previous (6.28%) as com-
pared to control (14%).

On day ten, eleven, twelve, thirteen, fourteen and fifteen disease
severity of biological control agent was (5.14%, 5.14%, 5.14%, 6.85%,
9.42% and 11.28%) respectively while fungicide treatments had dis-
ease severity of (7.28%, 9.14%, 10.7%, 10.7%, 14.1% and 16.1%)
respectively as compared to control (14.1%, 16.7%, 15%, 13.7%,
16.4% and 18.5%) respectively. On day sixteen disease severity of
biological was calculated (14.5%) and in fungicide (19.5%) as com-
pared to control (21.8%). On day nineteen after application of bio-
logical control agent and fungicide the disease severity of
biological control agent was (9.71%) while fungicide had disease

severity of (8.85%) as compared to control (24.4%). On day twenty
and twenty one disease severity of biological control agent was
(7.42% and 5.85%) respectively while fungicide had disease severity
of (6.71% and 6.71%) respectively as compared to control (26.1%
and 24.7%) respectively.

On day twenty two, twenty three, twenty four and twenty five
biological control application showed disease severity of (5.14%,
6%, 9.14% and 9.57%) respectively while fungicide had (7%, 8.85%,
11.5% and 13.4%) respectively as compared to control (26.8%,
29.1%,31.2% and 27.8%) respectively. On day twenty six the disease
severity of biological treatment was (10.7%) while disease severity
of fungicide was (15.4%) as compared to control (30.4%) while on
day twenty six third spray of biological control agent and fungicide
was applied. On day twenty nine disease severity of biological con-
trol agent was (7.14%) while disease severity of fungicide was
(11.1%) as compared to control (31.4%). On day thirty disease
severity of biological treatment was (6%) and fungicide had disease
severity of (8.57%) as compared to control (32.5%) while on day
thirty one the disease severity of biological control agent was
(5.42%) while disease severity of fungicide was (6.85%) as com-
pared to control (30.4%).

On day thirty two, thirty three and thirty four biological had
disease severity of (5.14%, 5.14% and 5.14%) respectively while
fungicide had disease severity of (7.57%, 9.42% and 12.2%) respec-
tively as compared to control (32.2%, 34% and 34%) respectively.
After fourth spray disease severity of biological treatment was
(5.14%) while fungicide had (8.42%) as compared to control
(34.4%) on day thirty eight. On day thirty nine biological treatment
had disease severity of (4.14%) while fungicide had a disease sever-
ity of (7.28%) as compared to control (32%) (Fig. 4, 5). The complete
response of treatments in whole season indicated that biological
treatment resulted maximum disease reduction of (8.18%) while
fungicide showed (10.7%) disease reduction as compared to control
(23.8%). Moreover, results indicated that the response of fungicide
treatment was quick after the spray as compared to biological
treatment, while with time passage the effect of fungicide treat-
ment decreased as compared to biological treatment (Fig. 6).
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3.1.4. Correlation of disease development and environmental factors ture expressed significant correlation with disease severity of

Among environmental factors, minimum air temperature wheat variety Sehar-06, Galaxy-13 and Abdul Sattar-02 while
(r =0.79) and relative humidity (r = 0.75) expressed highly signif- non-significant with Faisalabad-08, Johar-16, TD-1 and Ujala-16.
icant correlation with disease severity whereas maximum air tem- Maximum air temperature showed non-significant correlation
perature was negatively non-significant with disease severity. with disease severity. Relative humidity, wind speed and solar
Wind speed, solar radiation and rain fall was also non-significant radiation also showed non-significant correlation with disease
with disease severity as shown in (Table 1). Due to application of severity while Rain fall was negatively non-significant in disease
treatments; the environmental factors i.e. minimum air tempera- severity as shown in (Table 2).
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Table 1
Correlation of environmental factors responsible for disease development in varieties with no treatment.
Varieties Max temprature Min temprature Humidity Wind Speed Solar radiation Rain fall
Sehar-06 -0.117 0.748** 0.751** 0.230 0.155 0.261
0.266 0.000 0.000 0.107 0.203 0.078
Galaxy-13 —0.082 0.790** 0.705** 0.256 0.161 0.248
0.330 0.000 0.000 0.075 0.189 0.090
Abdul Sattar-02 —0.055 0.769** 0.707** 0.231 0.145 0.231
0.384 0.000 0.000 0.106 0.218 0.106
Faisalabad-08 -0.118 0.753** 0.740** 0.249 0.141 0.255
0.264 0.000 0.000 0.089 0.224 0.083
Johar-16 —-0.099 0.751** 0.721* 0.256 0.136 0.264
0.299 0.000 0.000 0.082 0.232 0.076
TD-1 -0.142 0.705** 0.746** 0.232 0.098 0.237
0.224 0.000 0.000 0.104 0.301 0.100
Ujala-16 -0.059 0.671** 0.613** 0.179 0.191 0.144
0.377 0.000 0.000 0.167 0.152 0.220
Table 2
Correlation of disease severity with environmental factors (Disease x Environmental factors against yellow rust after treatment with biological control agent and fungicide.
Varieties Max temperature Min temperature Humidity Wind Speed Solar radiation Rain fall
Sehar-06 -0.015 0.199* 0.168 0.121 0.041 —0.086
0.443 0.028 0.054 0.124 0.348 0.206
Galaxy-13 0.026 0.267** 0.151 0.154 0.064 —0.092
0.404 0.005 0.075 0.07 0.271 0.19
Abdul Sattar-02 0.026 0.221* 0.14 0.125 0.04 —0.099
0.402 0.017 0.09 0.117 0.35 0.173
Faisalabad-08 -0.016 0.148 0.118 0.112 0.006 —0.109
0.441 0.078 0.131 0.143 0.479 0.149
Johar-16 —0.01 0.166 0.126 0.132 0.013 -0.104
0.46 0.056 0.115 0.104 0.45 0.161
TD-1 -0.073 0.027 0.092 0.093 —0.036 -0.115
0.242 0.399 0.191 0.186 0.364 0.136
Ujala-16 -0.074 —0.066 —0.025 0.071 —0.046 -0.124
0.242 0.265 0.407 0.248 0.331 0.118
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4. Discussion

Stripe rust (SR) commonly known as yellow rust cause yield
losses ranging from 10 to 50% resulting low kernel weight and
quality in wheat due to infection (Chen, 2005; Afzal et al., 2008;
Huerta-Espino et al., 2011; Anteneh et al., 2013). This pathogen
decreases photosynthetic rate in leaves by reducing the chloro-
phyll contents (Yahya et al., 2020). SR initiates early infection in
wheat that results in a complete yield loss. However, it has been
noted that the amount of losses varies between 10 and 70 percent
depending on local weather factors, the emergence of new patho-
gen races, cultivar vulnerability, and early infection during crop
season (Begum et al., 2014). Among various management methods
that are being used to resolve rust diseases like resistant cultivars
and fungicide application, the genetic regulation of rusts had sub-
stantial achievement in the region where pathotype survey is inti-
mately combined with the pre-breeding activities aimed at rust
resistance and the post-release of wheat cultivar management
(Park et al., 2009).

Genetic resistance is considered the most effective and eco-
nomic method of reducing rust losses (Liu and Kolmer, 1997). In
the present study, screening results showed that the wheat variety
Ujala-16 was more susceptible to SR. The minimum disease was
noted on Sehar-06 and Galaxy-13 followed by Abdul Sattar-02,
Johar-16, Faisalabad-08, and TD-1. The resistance against patho-
gens in wheat cultivars may be the more efficient, eco-friendly,
and sustainable method for leaf and SR management. The research
is in agreement with (Draz et al., 2015), with the conclusion that
local studies on leaf rust including the response determination of
commercially cultivated cultivars are of great benefit for wheat
breeders. These results are also similar with the findings of (Liu
and Kolmer, 1997; Singh et al., 1991; El-Daoudi et al., 1985; El-
Daoudi et al., 1987; Herrera-Foessel et al., 2006; Kassem et al.,
2011).

According to (Chen et al., 1995) and (Jorgensen et al., 2014) the
application of fungicides for rust management is commonly used
in many parts of the world for high productivity, and their efficacy
partly depends on the degree of disease and crop stage (Viljanen-
Rollinson et al., 2006). Unfortunately, the injudicious use of the
chemical pesticides producing fatal environmental pollution
because of their residual effects. Therefore, other alternative strate-
gies for disease management should be given priority. In developed
countries the agricultural sector is being shifted towards the effec-
tive and safe biological controls.

In current research, the biological control agent, Bacillus subtilis
diluted in chitosan and salicylic acid was applied for the manage-
ment of SR. The results showed the significant disease suppression
in biological treatment over fungicide treatment. Similar study also
revealed that evaluation of bacterial strain, B. subtilis, proved better
than Trichoderma viride against P. triticina. There was significant
increase in latent, incubation cycle of pathogen, kernel weight
and yield (Omara et al., 2019). Previously done study reported that
fungicides and bio agents like Pseudomonas fluorescence and Bacil-
lus subtilis were effective in controlling SR (Singh et al., 2016b). In
current study the application of Bacillus subtilis was done and the
disease suppression was calculated 91.9% over fungicide 89.3% as
compared to control (76.2%). The similar results were also calcu-
lated by different researchers (Selvakumar et al., 2014; Naeem
et al.,, 2015; Kumar et al.,, 2019; Li et al., 2020; El-Kazzaz et al.,
2020; Kiani et al., 2021; Ahamad, 2021).

In this study, chitosan and salicylic acid were also added with
the bio-agent to check their efficacy against SR. The similar study
was also done by (Hassan and Chang, 2017), the researcher
assessed bio-agents efficacy against the growth of SR on wheat
and checked the chitosan inhibition for growth and sporulation

Journal of King Saud University — Science 35 (2023) 102587

of pathogen, spore viability and germination, by disrupting their
cell membrane. The results showed that combination of chitosan
with B. subtilis reduced the disease upto 40-45%. The current
research is also inline with (Hu et al., 2020; Feodorova-Fedotova
etal,, 2019; Pandey et al., 2018). The present study highlighted that
combination of chitosan, salicylic acid and Bacillus subtillis proved
effective against SR. The previous work showed the effect of sali-
cylic acid on plant systemic acquired resistance (SAR). The scientist
concluded that SAR or defensive priming is the result of systemic
dissemination and the phyto-hormone salicylic acid is involved
in SAR activation (Corredor-Moreno et al., 2021).

In the current study, the correlation of environmental factors
with SR was determined on seven wheat varieties i.e. Sehar-06,
Galaxy-13, Abdul Sattar-02, Faisalabad-08, Johar-16, TD-1 and
Ujala-16. Results showed a highly significant correlation of relative
humidity and minimum air temperature on all wheat varieties. The
wind speed, solar radiation, rain fall were concluded to be non-
significant. The similar responses of environmental factors with
disease were related by workers (Singh et al., 2000; Riaz et al.,
2013). The current study is also similar with the finding of different
scientists (Brar et al.,, 2018; Xu et al., 2019; Huang et al., 2019;
Naseri and Marefat, 2019; Hu et al., 2020; Rodriguez-Moreno
et al., 2020; Naseri and Kazemi, 2020; Chen, 2020; Ali et al., 2021).

5. Conclusion

Stripe rust is a devastating disease of wheat. Bacillus subtilis, chi-
tosan, and salicylic acid were proven to be an efficient and environ-
mentally friendly way to treat stripe rust in the current study.
Ujala-16, TD-1, and Johar-16 were vulnerable wheat genotypes.
The minimum air temperature and relative humidity levels indi-
cated a significant link with the onset of disease. While wind speed
and solar radiation revealed no significant link with the develop-
ment of disease, the maximum air temperature had a negative cor-
relation. The current study’s findings highlight the urgent need to
incorporate the trifecta of chitosan, salicylic acid, and Bacillus sub-
tilis into the management strategy for SR disease, as well as to
develop a disease predicting model based on the current data.
Additionally, this research gives up new possibilities for better
managing the wheat stripe rust disease.
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