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Abstract | The present study was conducted to monitor Okra Yellow Vein Mosaic Disease (OYVMD) and
its association with key epidemiological factors under current climate change conditions. Field experiments
were carried out in selected districts of Sargodha, Khushab, Bhakkar and Mianwali where okra plants were
systematically tagged for consistent monitoring throughout the study period. The objective was to assess
disease severity in relation to environmental parameters including average temperature, relative humidity,
wind speed and precipitation. Disease severity was recorded during regular field visits based on symptom
expression and concurrent environmental data were collected to identify potential correlations. The results
indicated that disease severity was negatively associated with average temperature during both 2020 (p=
0.309) and 2021 (p= 0.859). Precipitation exhibited a positive relationship with disease severity with p-values
of 0.351 and 0.099 in 2020 and 2021 respectively. Wind speed showed a weak positive effect in 2020 (p=
0.749) and a weak negative effect in 2021 (p= 0.716). Relative humidity demonstrated a positive association
in 2020 (p = 0.215) and a negative association in 2021 (p= 0.907). These findings highlight the complexity
of environmental influences on OYVMD progression and suggest that environmental parameters alone do
not fully explain the observed disease patterns. Although the associations identified were weak but the study
highlights the importance of integrating both environmental and varietal factors in managing OYVMD.
Future research incorporating additional variables, such as soil health, pest pressure, and viral strain diversity,
is recommended to develop more robust predictive models and effective disease management strategies.
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Introduction perspective is essential for developing effective
management strategies that minimize economic

onitoring Okra Yellow Vein Mosaic Disease losses (Dhole ez al, 2023). Continuous field
(OYVMD) from an  epidemiological surveillance has demonstrated that OYVMD is
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influenced by a range of environmental factors
including average temperature, humidity, rainfall
and wind speed (Mubeen ez al., 2021). These factors
not only affect the symptom development in okra
plants but also influence the population dynamics
of the vector responsible for transmitting the virus
(Davis and Thompson, 2024). Temperature plays
a significant role in the replication and movement
of viruses within their hosts (Mubeen ez al., 2021).
Viruses can maintain their stability and infectivity
within an optimal temperature range and facilite their
movement within the host (Bisht and Te Velthuis,
2022). However, extreme temperature conditions
can adversely affect both virus infection and vector
survival (Yadav ez a/., 2022). High temperatures may
disturb molecular bonds within viral structures and
cause denaturation or degradation which reduces viral
infectivity (Dhole ez a/.,2023). High temperatures can
cause biochemical imbalances in the host and weaken
its defense mechanisms which promote the virus
growth and its movement (Umar ez a/., 2023). Low
temperatures help preserve viral particles outside the
host and increase the chances of transmission. The
survival and population dynamics of whitefly (primary
vector of OYVMYV) are closely linked to temperature
and humidity (Yadav ez a/., 2022). Montes and Pagin
(2022) found that extreme temperatures negatively
impact whitefly survival which in turn affects the
incidence of viral diseases (Kumbhar ez al., 2023).
Fluctuations in relative humidity have also been
reported to influence whitefly reproduction and
activity (Dhole ez a/.,2023). Moderate humidity levels
support whitefly population growth and facilitate
efficient virus transmission while high rainfall may
reduce vector activity by washing away insects from
plant surfaces (Saghafipour ez a/., 2020). Wind speed
and precipitation significantly influence OYVMV by
affecting the whitefly vector. High wind speeds can
disrupt whitefly movement and reduce their ability
to locate and colonize host plants (Ma ez al., 2022).
Precipitation also aftects whitefly populations and the
transmission of OYVMYV as high rainfall can reduce
whitefly numbers by impacting their survival and
reproduction rates (Yadav ez a/.,2022). Cooler weather
below 16 °C combined with high relative humidity
and rainfall has been shown to be detrimental to
vector populations and the spread of OYVMV (Han
et al., 2013; Montes and Pagin, 2022). Statistical
models based on correlation and regression analyses
highlight the significant associations between
meteorological data and the severity of OYVMD

with specific results showing p-values less than 0.05
that indicate statistically significant relationships.
These findings have enabled researchers to develop
predictive tools for disease forecasting (Manju ez a.,
2019). The complex interactions within the disease
triangle e.g., host plant susceptibility, viral strain
virulence and vector efficiency often complicate
the development of OYVMD (Dhole ez al., 2023).
Recent multidisciplinary research combining fields
like plant pathology, entomology and environmental
science emphasizes that while weather conditions
play a pivotal role and factors such as host genetic
resistance and mixed viral infections also contribute
significantly to disease outcomes. This underscores
the importance of integrated approaches that consider
the dynamic interactions between host, pathogen
and environmental factors (Davis and Thompson,
2024). An integrated approach that combines field
monitoring, advanced statistical modeling and
targeted vector management is necessary (Singh
et al, 2020) to develop predictive models and
sustainable management strategies for OYVMD
(Varman ez al., 2025). Investigating the effects of
environmental factors on OYVMD through detailed
epidemiological studies provides the foundation
for developing innovative disease management and
prediction models (Mathew ez a/., 2022). Researchers
can identify critical factors for predicting disease
development and epidemics in the future by analyzing
how various climatic and ecological conditions affect
the spread and severity of OYVMD (Jamir ez a/.,
2020). Future research should aim to refine these
predictive models by incorporating additional biotic
factors such as soil interactions, pests and beneficial
organisms. This comprehensive approach will enhance
sustainable okra production and contribute to global
food security by ensuring a stable supply of okra as a
vegetable.

Materials and Methods

Monitoring of OYVMYV

A survey was conducted across the okra-growing
districts of the Sargodha Division specifically in
Sargodha, Bhakkar, Mianwali and Khushab (Figure
1) during the 2020 and 2021 growing seasons.
The sample collection sites in Mianwali included
Musakhel, Rokhri, Chasma and Harnoli; in Bhakkar,
Duellewala, Goharwala, Jhok Mehar Shah and Kotla
Jam; in Khushab, Jauharabad, Mitha Tiwana, Padhrar
and Naushehra; and in Sargodha, Chak 104 SB, Chak
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128 SB, Chak 136 SB and Sial Sharif. Samples were
classified according to the visible symptoms of Okra
Yellow Vein Mosaic Virus (OYVMYV) including
yellowing of the veins, leaf curling, stunted growth and
reduced fruit yield.
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Figure 1: Map of selected districts understudy.

Data collection

Meteorological data including average temperature,
humidity, precipitation and wind speed were
recorded daily from the NASA weather observatory.
Data collection spanned the entire growing season
to capture variations in environmental conditions
to ensure all relevant meteorological factors were
represented. All other parameters necessary for
analysis were calculated from the obtained data.

Statistical analysis

The relationship between OYVMV severity and
meteorological factors was analyzed using Multiple
Linear Regression. Multiple Linear Regression
(MLR) was employed to model the linear relationships
between disease severity and the identified significant
meteorological factors (temperature, humidity,
precipitation, wind speed). The model assumes a
straight-line relationship between the independent
and dependent variables and linear model was used to
assess the strength and direction of the relationships
between environmental factors and OYVMYV severity.
All statistical analyses were performed using R-studio,
with a significance level set at P < 0.05 (Antonelli ez
al., 2020).

Results
Impact of environmental factors on OYVMV

'The study provided detailed insights into the severity
of Okra Yellow Vein Mosaic Virus (OYVMYV) across

multiple divisions and okra varieties during the
cropping seasons of 2020 and 2021 and the results
revealed considerable variability among varieties and
regions. This variability highlights the influence of
varietal susceptibility and localized environmental
conditions on disease developments. Significant
differences in disease severity among varieties
suggested that genetic resistance and interactions
with environmental factors played important roles in
disease expression.

Correlation of environmental factors with OYVMV
The correlation analysis between Disease Severity
Index (DSI) and environmental factors, including
average temperature, precipitation, wind speed and
humidity indicated that no statistically significant
associations were found during either 2020 or 2021.
In 2020, very low coefficients of determination (R?)
were observed for average temperature (0.00084),
precipitation (0.00935), wind speed (-0.01443) and
humidity (0.01954) with all p-values well above the
conventional significance threshold of 0.05 which
confirm the absence of meaningful relationships.
Similarly, in 2021, R® values remained weak with
-0.0156 for average temperature, 0.0726 for
precipitation, -0.0139 for wind speed and -0.0159 for
humidity. Although precipitation in 2021 exhibited
a relatively higher R* and a p-value of 0.0769, it
still did not achieve statistical significance which
highlight that only a tentative association between
precipitation levels and disease severity (Table
1). Overall, the correlation results imply that the
environmental variables considered in this study had
little explanatory power for the variations observed in
disease severity and the weak correlations observed are
likely due to random variation rather than reflecting
true underlying relationships.

Table 1: Correlation of disease severity index with
environmental factors.

Factor Correlation/ P Correlation/P
(2020) (2021)
Temperature -0.129/0.309 -0.023/0.859
Precipitation 0.119/0.351 0.208/0.099
Windspeed 0.041/0.749 -0.046/0.716
Humidity 0.157/0.215 -0.015/0.907

Regression analysis of weather factors with OYVMV
severity
Multiple linear regression analyses further supported

September 2025 | Volume 41 | Issue 3 | Page 1086

the weak relationship between environmental
O

QO
ot Links
GResearchers



OPEN aACCESS

Sarhad Journal of Agriculture

variables and OYVMYV severity. In 2020, regression
models produced minimal R? values for individual
factors (0.0167) for average temperature (Figure 2),
0.0141 for precipitation (Figure 3), 0.00167 for wind
speed (Figure 4) and 0.0247 for humidity (Figure
5) with the overall model explaining only 4.3% of
the variation in disease severity (R*> = 0.043) and
an adjusted R? of -0.022 suggested no meaningful
predictive power (Tables 2 and 3). Similarly, the 2021
model demonstrated very limited explanatory capacity
with R? values of 0.00051 for average temperature
(Figure 6), 0.0432 for precipitation (Figure 7),
0.00215 for wind speed (Figure 8) and 0.00022 for
humidity (Figure 9). The overall model explained just
5.3% of the variation (R®> = 0.053) with an adjusted
R? of -0.011 (Tables 4 and 5). Although precipitation
in 2021 approached significance (p= 0.0994), it still
fell short of the 0.05 threshold and highlighted
that even the strongest environmental predictor
was insufficient to confidently explain variations
in disease severity. The non-significant F-statistics
further emphasized the lack of predictive strength
in the models across both years and reinforced the
idea that other unmeasured factors likely contributed
more substantially to disease outcomes.

Regression of disease severity index for the year of 2020 with Temperature (°C)

y=719-0565x R*=0.06
60 y=110-1.89x R?=0.08
y=403+0416x R?=0.02
y=962-125x R*=003

34 35 36
Temperature (°C)

Variety -+~ BS728 - SabzPari # Sutan-121 — Ujala

Figure 2: Regression of disease severity index of different varieties
with average temperature FTY of 2020.

Table 2: Regression summary of disease severity index
with the environmental factors (2020).

Regression of disease severity index for the year of 2020 with Rainfall (mm)

y=503+0582x R*=006
60 y=366+211x R*=010
y=56.1-0375x R*=002
y=498+0.704 x "R=0.01
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Figure 3: Regression of disease severity index of different varieties
with Rainfall/Precipitation FTY of 2020.

Regression of disease severity index for the year of 2020 with Wind Speed (m/s)

y=571-255x R*=0.06
60 y=369+247x R*<0.01
y=565-0577x R*<001
y=3897536% R°=003
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Figure 4: Regression of disease severity index of different varieties
with Wind Speed FTY of 2020.

Regression of disease severity index for the year of 2020 with Humidity (%)

y=49.3+00555x R?=003
60 y=27.8+0.331x R?=0.14
y=58'3-0.0741x R?=0.04
y=425+0214x R° =006
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Variety -+~ BS728 - SabzPai % Sutan-121 — Ujala

Figure 5: Regression of disease severity index of different varieties
with Humidity FTY of 2020.

Coefficients  Standard T-Stat P Parameter Table 3: Regression model statistics (2020).
of factors errors values
Statistic Value
-80.491 143.699 -0.560 0.578 (Intercept)
R-Squared value 0.043
3.060 3.592 0.852  0.398 Temperature .
o Adjusted R-squared value -0.022
-2.884 3.159 -0.913 0.365 Precipitation o
) F value-statistic 0.665
-4.317 5.909 -0.731 0.468 Windspeed
s P-value 0.619
0.881 0.730 1.206  0.233 Humidity
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Table 4: Regression summary of disease severity index
with the environmental factors (2021).

Coefhicients of Standard T Stats P Parameter
terms errors values

42.001 67.534 0.622  0.536 (Intercept)
0.072 1.602 0.045 0.964 Temperature
0.764 0.446 1.711  0.092 Precipitation
1.812 7.168 0.253  0.801 Windspeed
-0.099 0.313 -0.317 0.752 Humidity

Table 5: Regression model statistics (2021).

Statistic Value
R-squared values 0.053
Adjusted R-squared values -0.011
F-statistics 0.829
P-Value 0.512

Regression of disease severity index for the year of 2021 with Temperature (°C)

y=195+0837x R*=003
60 y=58-0625x R*=0.02
y=38+0531x R*=006
y=868-13x R*=0.15
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DsI
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32 33 34 35 36
Temperature (°C)

Variety BS728 Sabz Pari Sultan-121 Ujala

Figure 6: Regression of disease severity index of different varieties
with Average Temperature FTY of 2021.

Regression of disease severity index for the year of 2021 with Rainfall (mm)
y=473+0173x R*<0.01
60 y=324+108x R*=032

y=546+037x R*=0.13
y=393%0801x_R¥:0.25
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Figure 7: Regression of disease severity index of different varieties
with Rainfall/Precipitation FTY of 2021.

Regression of disease severity index for the year of 2020 with Wind Speed (m/s)

y=571-255x R?=0.06
60 y=369+217x R2<001
y=565-0577x R?<001
y=399+536% R°=003
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Figure 8: Regression of disease severity index of different varieties
with Wind Speed FTY of 2021.

Regression of disease severity index for the year of 2021 with Humidity (%)

y=564-0159x R?=0.03
60 y=354+00238x R*<0.01
¥=635-0.14x R*=0.09
y=32+0.197x R?=0.08,
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Figure 9: Regression of disease severity index of different varieties
with Humidity FTY of 2021.

Varietal correlation and regression analysis

Varietal regression models revealed significant
differences in disease susceptibility among the
studied okra wvarieties. Sultan-121 consistently
recorded higher DSI values across all divisions, with
regression analysis in Sargodha Division showing a
significantly positive slope (B = 0.58, p < 0.01) and
that indicated higher vulnerability to OYVMV. In
contrast, the varieties Ujala, BS728 and Sabz Pari
exhibited lower susceptibility with B coeflicients
ranging from 0.15 to 0.35 which exhibited relatively
better tolerance to the disease under prevailing
conditions. Further regression analysis examining
the relationship between environmental factors
and DSI for each variety indicated only minor and
statistically insignificant influences during both years.
In 2020, average temperature showed a slight negative
association (coefficient = -0.822, R? = 0.017) for all
varieties while precipitation demonstrated a modest

positive trend (coefficient = 0.755, R* = 0.014), wind
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speed had a weak positive relationship (coefficient
= 1.100, R*> = 0.002), and humidity exhibited a
minor positive association (coefficient = 0.132, R?
= 0.025). In 2021, the pattern remained consistent
with average temperature showing a slight negative
relationship (coefficient = -0.140, R* = 0.001),
precipitation presenting a slightly stronger positive
trend (coefficient = 0.607, R? = 0.043) while wind
speed exhibiting a negative association (coefficient
= -1.982, R’ = 0.002) and humidity revealing a
negligible negative effect (coefficient = -0.020, R?
= 0.000). Overall, the varietal analysis confirmed
that genetic differences among okra varieties had a
more substantial impact on disease severity than did
environmental factors alone. The findings suggest that
while minor climatic influences may exist but varietal
resistance remains the key determinant of OYVMV
severity under field conditions. Future research should
therefore integrate additional variables such as soil
health, pest pressure and viral strain characterization
to refine predictive models and strengthen disease
management strategies.

Discussion

This study on the monitoring of Okra Yellow Vein
Mosaic Disease (OYVMD) revealed a complex
epidemiological landscape where environmental
factors, varietal differences and vector dynamics
interact to influence disease severity (Chaudhary
et al., 2017). Analysis of data from the 2020 and
2021 growing seasons indicated that although
environmental factors such as average temperature,
relative humidity, precipitation and wind speed
exerted measurable influences yet they explained
only a minor proportion of the observed variability in
disease severity, as evidenced by low R? values and high
p-values in both correlation and regression models
(Naseer ez al., 2021). The observed weak negative
association between temperature and disease severity
is consistent with previous studies (Yadav ez a/., 2022)
who reported that moderate temperatures between
28-32°C is optimal for viral spread and whitefly
activity (Lobin ez a/., 2022) while deviations from
this range tend to suppress both virus proliferation
and vector survival (Chandi ez a/., 2021; Lakshmi ez
al., 2020). However, the present study extended this
understanding by demonstrating that temperature,
although biologically relevant, accounted for only
a small fraction of disease variability under field
conditions. Precipitation in this study exhibited

a slight positive relationship with disease severity
particularly in 2021, where the p-value approached
significance (p= 0.0769) suggested a tentative but
inconclusive role in influencing disease dynamics.
Precipitation likely affects OYVMD  indirectly
by modulating whitefly populations and altering
soil conditions while rainfall can physically reduce
whitefly abundance (Dhole ez al., 2023; Gehlot ez
al., 2023) under certain circumstances and increased
precipitation combined with favorable microclimatic
conditions may enhance disease transmission (Reyna
et al., 2023). Changes in precipitation regimes have
broader ecological impacts including on soil structure
and plant community interactions which could further
influence disease outbreaks (Huo e7 a/., 2021; Kardol
et al.,2010). Wind speed demonstrated no significant
effect on OYVMD severity with correlation values of
0.041 in 2020 and -0.046 in 2021 and corresponding
non-significant regression p-values of 0.468 and
0.801 respectively. These findings align with the work
of Thriveni (2019) who similarly reported that wind
speed has a minimal role in OYVMD epidemiology.
Relative humidity also showed inconsistent and
weak associations with disease severity with positive
correlation in 2020 (r = 0.157) and a slight negative
correlation in 2021 (r = -0.015). Regression analyses
confirmed that relative humidity was not a statistically
significant predictor (p = 0.233 in 2020 and p = 0.752
in 2021). These observations are consistent with
previous studies reporting both negative (Yadav ez a/.,
2022) and positive (Singh ez al., 2025) associations
between relative humidity and OYVMD severity
suggested that the impact of humidity may be highly
context-dependent and influenced by specific regional
or temporal factors. A particularly significant aspect
of the findings is the strong varietal influence on
disease outcomes. Sultan-121 consistently exhibited
higher disease severity compared to Ujala, BS728
and Sabz Pari, highlighting the importance of host
plant resistance in regulating OYVMD development.
These results are consistent with the findings of
(Hussain ez al., 2019) and (Jakada and Adepoju,
2023) who emphasized the role of varietal resistance
as a cornerstone of integrated disease management
strategies while the measured environmental factors
provided some insight into disease variability. The low
explanatory power of the models (overall R* values
of 0.043 and 0.053 for 2020 and 2021, respectively)
indicated that substantial variance remained
unexplained. Mubeen e a/. (2021) suggested that
the complex nature of OYVMD epidemiology
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likely involves additional interacting variables such
as soil health, mixed viral infections, pest pressure
and local agronomic practices. Whitefly population
dynamics which were not directly measured in this
study also likely contributed significantly to disease
development, interacting with microclimatic factors
in complex and non-linear ways (Mubeen ez a/.,2017).
The limitations identified in this study highlight the
need for a more integrated epidemiological framework
that incorporates biotic factors, high-resolution
environmental monitoring and more dynamic
modeling approaches. Emerging technologies such as
remote sensing and UAV-based disease surveillance
hold great promise in this regard. These tools can
capture spatial and temporal environmental variations
at high resolution and when coupled with machine
learning algorithms can significantly enhance the
precision of disease forecasting and inform timely
management decisions.

Conclusions and Recommendations

The resultsand observations of this study demonstrated
that Okra Yellow Vein Mosaic Virus (OYVMYV)
behaves difterently across regions and among various
okra varieties with certain areas and specific varieties
being more severely affected. Although environmental
factors such as Average temperature, humidity
and pressure were evaluated for their influence on
infection severity but they exhibited limited and
statistically non-significant effects and suggested that
additional unmeasured variables may be contributing
to disease dynamics. The okra variety Sultan-121
consistently showed higher disease severity which
indicated greater susceptibility to OYVMYV under
the observed conditions. These findings highlight the
critical importance of considering both environmental
and genetic factors in the management of OYVMYV.
Future research should expand to include assessments
of soil health, pest pressures and viral strain variability
in order to develop more comprehensive strategies for
enhancing okra resistance against this disease.

Acknowledgements

'The authors Department of Plant Pathology, College
of Agriculture, University of Sargodha, Sargodha,

Pakistan for helping the Ph.D. Scholar for the
completion of the part of Ph.D. research.

Novelty Statement

'The study offers new insights into the temporal and
spatial dynamics of disease progression by combining
population level analysis with sophisticated diagnostic
procedures.

Author’s Contribution

Muhammad Asif Shabbir: Conducted the research.
Yasir Iftikhar: Conceived the idea and supervised the
research.

Ashara Sajid: Technical helped in lab.

Muhammad Ahmad Zeshan: Co-supervised the
research.

Mustansar Mubeen: Helped in research and
Writing-original draft.

Talha Shafique: Analyzed the data statistically.

Data availability statement
'The data will be available on request.

Conflict of interest

The research has been conducted without any
involvement by commercial or financial ties that
could be interpreted as a potential conflict of interest.

References

Antonelli, A., S.M. Ferrari, F. Ragusa, G. Elia,
S.R. Paparo, I. Ruffilli and A. Cristaudo.
2020. Graves disease: Epidemiology, genetic
and environmental risk factors and viruses.
Best Pract. Res. Clin. Endocrinol. Metab.,
34(1):  101387.  https://doi.org/10.1016/].
beem.2020.101387

Bisht, K. and A.J. Te-Velthuis. 2022. Decoding
the role of temperature in RNA virus
infections. Mbio, 13(5): €02021-22. https://doi.
0rg/10.1128/mbio.02021-22

Chandi, R.S., S.K. Kataria and B.B. Fand. 2021.
Effect of temperature on biological parameters
of cotton whitefly, Bemisia tabaci (Gennadius)
(Hemiptera: Aleyrodidae). Int. J. Trop. Insect
Sci., 41: 1823-1833. https://doi.org/10.1007/
$42690-020-00397-0

Chaudhary, A., M. Khan and Y. Bilal. 2017.
Management of okra yellow vein mosaic
virus and its vector through plant extracts. J.
Plant Pathol. Microbiol., 8: 393. https://doi.
org/10.4172/2157-7471.1000393

September 2025 | Volume 41 | Issue 3 | Page 1090

.0 .
ot Links
GResearchers


https://doi.org/10.1016/j.beem.2020.101387
https://doi.org/10.1016/j.beem.2020.101387
https://doi.org/10.1128/mbio.02021-22
https://doi.org/10.1128/mbio.02021-22
https://doi.org/10.1007/s42690-020-00397-0
https://doi.org/10.1007/s42690-020-00397-0
https://doi.org/10.4172/2157-7471.1000393
https://doi.org/10.4172/2157-7471.1000393

OPEN aACCESS

Sarhad Journal of Agriculture

Davis, TW. and A.N. Thompson. 2024.
Begomoviruses associated with okra yellow
vein mosaic disease (OYVMD): Diversity,
transmission mechanism, and management
strategies. Mol. Hortic., 4(1): 36. https://doi.
org/10.1186/s43897-024-00112-4

Dhole, R.R., R.N. Singh, R. Dhanapal, S.
Singla, G. Ramkumar, R. Muthuusamy and
I. Karuppusamy. 2023. Impact assessment of
natural variations in different weather factors
on the incidence of whitefly, Bemisia tabaci
Genn. and yellow vein mosaic disease in
Abelmoschus esculentus (L.) Moench. Environ.
Res., 231: 116209. https://doi.org/10.1016/].
envres.2023.116209

Gehlot, J., S. Mishra, R. Burri, V. Chouksey, A.
Muniya, M. Jakhar and R. Parmar. 2023. Impact
of weather parameters on incidence of white fly
population and yellow mosaic disease (YMD)
in soybean. Int. J. Environ. Clim. Change,
13(11): 3326-3331. https://doi.org/10.9734/
ijecc/2023/v13i113505

Han, E.J., B.R. Choi and J.H. Lee. 2013.
Temperature-dependent development models
of Bemisia tabaci (Gennadius)(Hemiptera:
Aleyrodidae) Q_biotype on three host plants.
J. Asia Pac. Ent, 16(1): 5-10. https://doi.
org/10.1016/j.aspen.2012.08.006

Huo, J., C. Liu, X. Yu, L. Chen, W. Zheng, Y. Yang
and C. Yin. 2021. Direct and indirect effects of
rainfall and vegetation coverage on runoff, soil
loss, and nutrient loss in a semi¥humid climate.
Hydrol. Process, 35(1): €13985. https://doi.
org/10.1002/hyp.13985

Hussain, S., M. Ayub, M. Rasheed and H. Shabir.
2019. Prevalence of okra yellow vein mosaic viral
disease in baltistan region and its correlation
with vector population. BAOJ Microbiol., 5:
042.

Jakada, M. and I. Adepoju. 2023. Effect of cultivar
on the incidence and severity of yellow vein
mosaic disease on okra (Abelmoschus esculentus
(L.) Moench) in Wukari, Taraba State, Nigeria.
Greener J. Agric. Sci., 13(3): 146-153. https://
doi.org/10.15580/GJAS.2023.3.081823086

Jamir, I., A.K. Mandal, A.P. Devi, T. Bhattacharjee,
PK. Maurya, S. Dutta and S. Banik. 2020.
Screening of genotypes against viral diseases
and assessment of yield loss due to yellow vein
mosaic virus in okra grown in the eastern part

of India. Indian Phytopathol., 73(1): 125-133.

https://doi.org/10.1007/s42360-019-00183-0

Kardol, P.,, M.A. Cregger, C.E. Campany and A.'T.
Classen. 2010. Soil ecosystem functioning under
climate change: Plant species and community
effects. Ecology, 91(3): 767-781. https://doi.
0rg/10.1890/09-0135.1

Kumbhar, A.A., R.A. Sayed, M.M. Jiskani, K.H.
Wagan and M.I. Khaskheli. 2023. Prevalence
of Okra yellow vein mosaic viral disease and
its correlation with vector population in Sindh,
Pakistan. J. Microbiol. Sci., 2(1): 21-26. https://
doi.org/10.38211/jms.2023.01.48

Lakshmi, T.V., V.L. Pathipati, C.V. Rajani, Ramana
and L.N. Naidu. 2020. Impact of weather
parameters on incidence of whitefly, Bemisia
tabaci (Gennadius) on chilli in Andhra Pradesh.
J. Ent. Zool. Stud., 8(3): 1374-1378.

Lobin,K.K.,V.C.Jaunkyand N.Taleb-Hossenkhan.
2022.A meta-analysis of climatic conditions and
whitefly Bemisia tabaci population: implications
for tomato yellow leaf curl disease. J. Basic
Appl. Zool., 83(1): 57. https://doi.org/10.1186/
s41936-022-00320-8

Ma, J., Y. Guo, J. Gao, H. Tang, K. Xu, Q. Liu
and L. Xu. 2022. Climate change drives the
transmission and spread of vector-borne
diseases: An ecological perspective. Biology,
11(11): 1628. https://doi.org/10.3390/
biology11111628

Manju, K., K.V. Lakshmi, B.S. Babu and K. Anitha.
2019. Weather based prediction models for
whitefly Bemisia tabaci and Okra yellow vein
mosaic virus disease in Okra. Indian J. Ent.,
81(3): 501-506. https://doi.org/10.5958/0974-
8172.2019.00108.1

Mathew, A., T. Pradeepkumar, J. Minimol, K.A.
Cherian and M.S. Kutty. 2022. Evaluation
of okra genotypes against yellow vein mosaic
disease (YVMD). Indian Phytopathol., 75(2):
549-557. https://doi.org/10.1007/s42360-021-
00457-6

Montes, N. and I. Pagin. 2022. Challenges and
opportunities for plant viruses under a climate
change scenario. Adv. Virus Res., 114: 1-66.
https://doi.org/10.1016/bs.aivir.2022.08.001

Mubeen, M., Y. Iftikhar, A. Abbas, M. Abbas, M.
Zafar-ul-Hye, A. Sajid and F. Bakhtawar. 2021.
Yellow vein mosaic disease in okra (Abelmoschus
esculentus 1..): An overview on causal agent,
vector and management. Phyton, 90(6): 1573.
https://doi.org/10.32604/phyton.2021.016664

September 2025 | Volume 41 | Issue 3 | Page 1091

.0 .
ot Links
GResearchers


https://doi.org/10.1186/s43897-024-00112-4
https://doi.org/10.1186/s43897-024-00112-4
https://doi.org/10.1016/j.envres.2023.116209
https://doi.org/10.1016/j.envres.2023.116209
https://doi.org/10.9734/ijecc/2023/v13i113505
https://doi.org/10.9734/ijecc/2023/v13i113505
https://doi.org/10.1016/j.aspen.2012.08.006
https://doi.org/10.1016/j.aspen.2012.08.006
https://doi.org/10.1002/hyp.13985
https://doi.org/10.1002/hyp.13985
https://doi.org/10.15580/GJAS.2023.3.081823086
https://doi.org/10.15580/GJAS.2023.3.081823086
https://doi.org/10.1007/s42360-019-00183-0
https://doi.org/10.1890/09-0135.1
https://doi.org/10.1890/09-0135.1
https://doi.org/10.38211/jms.2023.01.48
https://doi.org/10.38211/jms.2023.01.48
https://doi.org/10.1186/s41936-022-00320-8
https://doi.org/10.1186/s41936-022-00320-8
https://doi.org/10.3390/biology11111628
https://doi.org/10.3390/biology11111628
https://doi.org/10.5958/0974-8172.2019.00108.1
https://doi.org/10.5958/0974-8172.2019.00108.1
https://doi.org/10.1007/s42360-021-00457-6
https://doi.org/10.1007/s42360-021-00457-6
https://doi.org/10.1016/bs.aivir.2022.08.001
https://doi.org/10.32604/phyton.2021.016664

OPEN aACCESS

Sarhad Journal of Agriculture

Mubeen, M., Y. Iftikhar, ML.I. Ullah, Q. Shakeel,
M. Aatif and I. Bilqgees. 2017. Incidence of okra
yellow vein mosaic disease in relation to insect
vector and environmental factors. Environ.
Ecol., 35(3C): 2215-2220.

Naseer, S., I. Nadeem, A. Mustafa, J.A. Shah,
S. Ahmad, M. Saqib and Y. Ali. 2021.
Management of tomato leaf curl virus and its
bemisia tabaci vector in relation to prevailing
environmental conditions of Faisalabad. Pak. J.
Phytopathol., 33(2). https://doi.org/10.33866/
phytopathol.033.02.0696

Reyna, P, F. Suarez, M. Balzarini and P.R. Pardina.
2023. Influence of climatic variables on
incidence of whitefly-transmitted begomovirus
in soybean and bean crops in North-Western
argentina. Viruses, 15(2): 462. https://doi.
org/10.3390/v15020462

Saghafipour, A., A. Zahraei-Ramazani, H.
Vatandoost, A. Asadollahi, R. Fouladi-
Fard, A. Hamta and A. Hasanwand. 2020.
Relationship between some environmental and
climatic factors on outbreak of whiteflies, the
human annoying insects. J. Arthropod. Borne
Dis., 14(1): 78. https://doi.org/10.18502/jad.
v14i1.2714

Singh, I., R. Kaur, A. Kumar, S. Pandher, H. Kumar,
S. Singh and A. Sharma. 2025. Temperature
driven expression and cross-host transmission
associated with Bemisia tabaci vectored cotton

leaf curl virus. Indian Phytopathol., pp. 1-6.
https://doi.org/10.1007/s42360-025-00832-7

Singh, S., V.K. Nirmalkar and L. Awasthi. 2020.
Recent advances in begomovirus research in
India. In: (ed. L.P. Awasthi), applied plant
virology. Academic Press. pp. 493-513. https://
doi.org/10.1016/B978-0-12-818654-1.00035-
9

Thriveni, K., 2019. Correlation of whitefly
population with weather parameters and
management of leaf curl of chilli. J. Pharmacogn.
Phytochem., 8(3): 4624-4628.

Umar, M., M. Zeshan, Y. Iftikhar, M. Umair,
R. Binyamin, M. Ali and M.N. Sajid. 2023.
Assessment of biochemical contents in okra
plantsinfected with okrayellowvein mosaicvirus.
Pak. J. Phytopathol., 35(1): 137-144. https://
doi.org/10.33866/phytopathol.035.01.0876

Varman, U., S. Sivapatham, V. KP, K. Pradeep
and D. Sharma. 2025. An integrated okra net
framework for detection of disease and maturity
stage classification in okra farming. Agron.
J., 117(1): €21742. https://doi.org/10.1002/
agj2.21742

Yadav, P., V.K. Malik, T. Verma, P. Verma and ]J.
Parkash. 2022. Influence of weather variables on
whitefly population build-up and progression
of okra yellow vein mosaic virus disease. J.
Ent. Res., 46(suppl): 1005-1010. https://doi.
0rg/10.5958/0974-4576.2022.00172.4

September 2025 | Volume 41 | Issue 3 | Page 1092

.0 .
ot Links
GResearchers


https://doi.org/10.33866/phytopathol.033.02.0696
https://doi.org/10.33866/phytopathol.033.02.0696
https://doi.org/10.3390/v15020462
https://doi.org/10.3390/v15020462
https://doi.org/10.18502/jad.v14i1.2714
https://doi.org/10.18502/jad.v14i1.2714
https://doi.org/10.1007/s42360-025-00832-7
https://doi.org/10.1016/B978-0-12-818654-1.00035-9
https://doi.org/10.1016/B978-0-12-818654-1.00035-9
https://doi.org/10.1016/B978-0-12-818654-1.00035-9
https://doi.org/10.33866/phytopathol.035.01.0876
https://doi.org/10.33866/phytopathol.035.01.0876
https://doi.org/10.1002/agj2.21742
https://doi.org/10.1002/agj2.21742
https://doi.org/10.5958/0974-4576.2022.00172.4
https://doi.org/10.5958/0974-4576.2022.00172.4

