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Abstract

Tomato (Solanum lycopersicum L.), a staple vegetable crop in the Solanace-
ae family, suffers significant yield losses due to the Groundnut Bud Necrosis
Virus (GBNV). This thrips-transmitted virus can cause up to 100% yield re-
duction depending on the stage of infection. A study conducted in Coimba-
tore, Tamil Nadu, India during the summer of 2023 and 2024, investigated
the epidemiology of GBNV. Using weather correlation analysis and Principal
Component Analysis (PCA), key weather factors influencing the spread of
thrips and GBNV were identified.

In 2023, the thrips population peaked in mid-April, followed by GBNV
incidence in early May. In 2024, thrips peaked in early May, with GBNV inci-
dence reaching its highest levels in the third week of May. This demonstrat-
ed a direct correlation between thrips population dynamics and GBNV pro-
gression, although variations in timing with observed between the two
years. The analysis highlighted temperature and relative humidity as con-
sistent, critical weather parameters influencing thrips populations and
GBNV incidence, particularly with two-week time lags.

By correlating weather conditions with thrips and GBNV incidence
across various time lags, this study contributes to the development of an
extended-range weather forecast-based GBNV forewarning system. Such a
system enhances preparedness and response strategies, mitigating the im-
pact of GBNV on tomato crops and promoting food security. This multidisci-
plinary approach supports sustainable farming practices in the face of cli-
mate uncertainties while bolstering agricultural resilience.

Keywords
epidemiology; GBNV; PCA,; thrips; tomato; weather

Introduction

Tomato (Solanum lycopersicum L.), a widely cultivated crop from the Sola-
naceae family, is renowned for its nutritional benefits and culinary versatili-
ty. With global production reaching around 180 million tons annually, toma-
to cultivation has witnessed a remarkable 165% increase over the past two
decades (1). Rich in bioactive components, tomatoes are recognized as a
"functional food," offering numerous health benefits and serving as a staple
in daily nutrition (2). Ranking second to potatoes, tomatoes are among the
most significant vegetable crops globally (3). This commercially important
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crop significantly contributes to global horticultural pro-
duction (4), flourishing across tropical, temperate, and
subtropical zones.

Worldwide, almost 4.76 million hectares are allocat-
ed for tomato cultivation, producing 182 million metric
tons per year (5). China and India are the leading produc-
ers, contributing 31% and 13% of the global production,
respectively (6). In India, tomato production is projected to
reach 212.38 lakh tons in 2023-24, an increase from 204.25
lakh tons the previous year, reflecting a 3.98% growth (7).
However, genetic vulnerabilities often challenge tomato
cultivation in India (8) and frequent outbreaks of bacterial,
viral, and fungal diseases (9). These issues can lead to yield
losses exceeding 50% (10), posing significant challenges
for the farming community (11).

Tomato plants are susceptible to several viral dis-
eases, leading to symptoms like stunting, leaf curl, yellow-
ing, mosaic, mottling, necrosis, and shoe-string effects on
all plants, leaves, or fruits. Among these, GBNV, an Ortho-
tospovirus, poses a significant threat to tomato cultiva-
tion, particularly for resource-poor farmers (12). Six of the
eleven known tospovirus species worldwide have been
identified in India (13). Groundnut Bud Necrosis Virus,
prevalent in the country, can cause severe yield losses in
tomato crops, sometimes reaching up to 100% (14).

The initial symptoms of GBNV infection include mild
chlorotic patches on juvenile leaves, which subsequently
advance to chlorotic rings and necrotic areas. The distinc-
tive features of GBNV infection are terminal bud necrosis
under field conditions, stunting, and leaf malformations.
Plants infected at an early stage exhibit a bushy, stunted
appearance and often succumb prematurely.

Thrips (Thysanoptera) are major pests impacting
various food, feed, and fiber crops worldwide and serve as
circulative and propagative vectors for tospoviruses (15,
16). Uniquely, only thrips that acquire the virus during
their larval stage can transmit it as adults. For, successful
transmission, thrips must acquire the virus, internalize it,
and inoculate a susceptible host. Tospoviruses replicate in
the salivary glands, midgut epithelial cells, and surround-
ing muscle tissues within the thrips (17).

Weather conditions play a pivotal role in influencing
the incidence and severity of GBNV outbreaks by affecting
the susceptibility of host plants and the activity of thrips
vectors (18). Key factors, such as temperature, relative
humidity, and rainfall patterns, are crucial in determining
the life cycle of thrips and the dynamics of virus transmis-
sion. Research has shown that the spread and intensity of
GBNV symptoms in cowpea plants are significantly higher
at temperatures between 25-30°C compared to 15-20°C,
indicating that warmer conditions enhance both virus
transmission and symptom expression (19). Additionally,
higher temperatures notably reduced the development
time of Thrips palmi, with the egg-to-adult period decreas-
ing from 35.7 days at 16°C to 9.6 days at 31°C (20).

Rainfall has a negative influence over thrips in
groundnut crops (21). Correlation studies revealed a signif-
icant negative correlation between thrips population and
factors such as minimum temperature, rainfall, rainy days,

and evening relative humidity. Conversely, sunshine hours
and morning relative humidity exhibit a significant positive
correlation with thrips populations in tomato crops (22).
Additionally, temperature positively correlates with the
thrips population and GBNV incidence in tomatoes during
the summer (16). Therefore, assessing the relative im-
portance of these weather variables is essential for pre-
dicting GBNV outbreaks. Extended Range Weather Fore-
casts (ERWF) offer valuable insights into prevailing condi-
tions two to three weeks in advance, and they can be used
for better pest and disease management (23).

Principal Component Analysis (PCA), by reducing
data dimensionality (24), efficiently analyzes and inter-
prets key weather variables influencing the incidence of
GBNV, providing insights into the interplay of meteorologi-
cal factors. A multidisciplinary approach that integrates
meteorological data, plant disease modeling, and agricul-
tural management is essential for effective disease man-
agement. Integrating PCA findings into ERWF enhances
disease prediction, enabling farmers to anticipate GBNV
outbreaks, strengthen crop resilience, and promote sus-
tainable agricultural practices.

This study aims to decipher the relationship be-
tween weather parameters and GBNV incidence in tomato
crops through PCA and correlation analysis. Employing
this approach to develop an ERWF framework will signifi-
cantly aid in preventing future GBNV disease outbreaks,
marking an important outcome of the present study.

Materials and Methods
Study area and period

A field survey was conducted during the summer months
(January to May) of 2023 and 2024 to assess the incidence
of GBNV and thrips. The study was focused on four fields in
the Thondamuthur block of Coimbatore district, Tamil
Nadu, India (11.0168° N, 76.9558° E) (Fig. 1.). This region,
part of Tamil Nadu Western Agro Climatic Zone, is a key
vegetable-growing area, with tomatoes constituting a sub-
stantial portion due to the favorable climate for their
growth. As a representative region for tomato farming,
Thondamuthur was selected to investigate recent GBNV
outbreaks, which have caused substantial yield losses in
tomato crops across Coimbatore and other Western Ghat
districts.
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Fig. 1. Study area, Coimbatore, Tamil Nadu, India.

https://plantsciencetoday.online



https://plantsciencetoday.online

Understanding the weather dynamics influencing
GBNV is essential for developing effective pest manage-
ment strategies. Coimbatore experiences an annual aver-
age of 47 wet days, receiving 728 mm of rainfall, primarily
during the northeast monsoon (358 mm). Being in a rain
shadow region for the southwest monsoon, it records 198
mm of rainfall, with summer and winter contributing 152
mm and 20 mm, respectively. Situated at an elevation of
427 meters above sea level, the area has an average
monthly maximum temperature (Tmax) of 31.9°C, a mini-
mum temperature (Tmin) of 21.9°C, morning and evening
relative humidity levels of 85% and 50%, respectively and
an average wind speed of 7.7 km/h (TNAU Observatory,
Coimbatore, 2024).

Epidemiology

The epidemiology of thrips population dynamics and
GBNV disease incidence was studied in four selected
farmer's fields within the study area. The same fields were
used for observations in both years. Weekly data were col-
lected using the roving survey method, starting from the
vegetative stage and continuing until the late cropping
stage. Thrips populations were assessed by tapping plant
parts five times onto a cloth, with twenty plants per field
randomly selected for observation.

The percentage of disease incidence (PDI) was cal-
culated using Eqn. 1, which involved recording the number
of plants exhibiting GBNV symptoms- such as chlorotic and
necrotic spots, chlorotic and necrotic ring spots on leaves,
plant chlorosis, flower bud malformation, leaf drooping,
bud chlorosis, terminal bud necrosis, and stunted plant
growth, in relation to the total number of plants examined,
as per the following formula :

Number of diseased plants

Per cent GBNV incidence = 100
€ cen Hedence Total number of plants observed '

....Eqn (1)

Data for mean thrips population (in numbers) and
GBNV incidence (in percentage) were computed based on
the Standard Meteorological Week (SMW) and used for
further analysis.

Datasets used and analysis

Data on weather parameters, including morning and even-
ing relative humidity (RHm, RHe), wind speed (WS), rainfall
(RF), minimum and maximum temperature (Tmin, Tmax),
solar radiation (SRn), sunshine hours (SSH), evaporation
(EVP), and rainy days (RD), were collected daily and con-
verted to SMW values. To assess the weather’s impact on
thrips and GBNV incidence, SMW-based datasets were uti-
lized. Correlations between weather parameters, thrips
population, and GBNV were analyzed using RStudio Ver-
sion 2024.04.2 (Build 764) for three conditions: the corre-
sponding week, one-week lag, and two-week lag. Fig. 2
and Fig. 3 describe the disease epidemiology and study
flow, respectively.

Principal component analysis

Principal Component Analysis (PCA) is a versatile statisti-
cal technique that reduces data to its principal or essential
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Fig. 2. Plant disease interaction with Weather conditions (Created in BioRen-
der.com).
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Fig. 3. Study Flow.

components. This method explains most variance in all
variables through a few principal components (PC1 (Egn.
2), PC2 (Eqn. 3) which are linear combinations of the origi-
nal variables. Using these essential components, PCA ap-
proximates the original data table efficiently (26).

FCL = Z XAy = XA+ XAy + o XAy
=
’ ....Eqn (2)
PC2 = Z xpid; = x4 Fx A+ Fag Ay
i=L

....Eqn (3)

Where, Eigen vectors - xj and A;, As...A« - Original
variables in data matrix

Results and Discussion
Population dynamics of thrips and GBNV incidence (%)

During the 2023 study period, thrips incidence began to
appear in the fourth week of March (13th SMW). It peaked
in the third week of April (16" SMW), with a range of ap-
proximately 0 to 9 thrips per five tapings throughout the
tomato cropping period. In 2024, thrips first appeared in
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the third week of March (12th SMW) and peaked in the first
week of May (18th SMW), with a range of ~0 to ~10 thrips
per five tapings. A study revealed thrips populations be-
tween 0.35 and 1.39 per shoot, with GBNV incidence vary-
ing from 20% to 48% across different areas (18). It was fur-
ther observed that the thrips population increased from
transplanting to the flowering and fruit development stag-
es, then decreased as the crop matured, with rainfall con-
tributing to the decline. The study's outcome indicated 8.4
and 10.3 thrips per three leaves, with PDI values of 42.5%
and 45.1% in 2016 and 2017, respectively (14).

In 2023, GBNV symptoms first appeared in the
fourth week of March (13th SMW) and peaked in the first
week of May (18th SMW), with a range of 0% to 60%. In
2024, symptoms also began in the fourth week of March
(13th SMW) but peaked later, in the third week of May (21st
SMW), with a range of 0% to 70% (Fig. 4).

Study Year - 2023 & 2024

- =
w = B

Thrips Population(Nos/Week)
EN
PDI (%)

11 12 13 14 15 16 17 18 19 20 21 22
Standard Meteorological Week

2023 PDI w2024 PDI

=8—2023 Thrips Count =0=2024 Thrips Count

Fig. 4. Observed Thrips Population and GBNV incidence on Standard Meteor-
ological Week (SMV).

The differences observed compared to a previous
study, which reported a disease incidence of 35.3% in the
same area, may be attributed to varying environmental
conditions, weather variability, or changes in thrips popu-
lation dynamics during the study period (25). Additionally,
disease management practices or crop susceptibility varia-
tions could explain the increased incidence. Another study
reported disease incidence ranging from 12.5% in
Guledkoppa, Dharwad taluk, to a maximum of 94.4% in
Kyalanur, Kolar district, during the summer season (27).

In 2023, thrips emerged earlier, peaking in mid-
April, and GBNV symptoms peaked by early May. In 2024,
thrips appeared slightly earlier again, peaking in early May,
while GBNV symptoms peaked in the third week of May.
This suggests that the buildup of thrips populations plays
a significant role in the onset and progression of GBNV
symptoms, with a slight timing shift between the two
years.

Correlation between weather variables, GBNV and
thrips

Weather variables were analyzed for correlations with pa-
rameters from the corresponding week, one-week lag, and
two-week lag in both 2023 and 2024 (Fig. 5 - 10). In 2023,
the thrips population showed the highest correlation with
Tmax (0.55, non-significant), Tmax (0.60, significant at
10%) and Tmax (0.45, non-significant) for the same week,
one-week lag and two-week lag, respectively. For GBNV
incidence, the highest correlations were with Tmin (0.78,
significant at 5%), Tmin (0.83, significant at 1%), and

WS (-0.83, significant at 1%) for the same week, one-week
lag and two-week lag, respectively. In 2024, the thrips pop-
ulation showed the highest correlation with Tmax (0.90,
significant at 1%), Tmin (0.69, significant at 5%), and RHe (-
0.66, significant at 10%) for the same week, one-week lag,
and two-week lag, respectively. For GBNV incidence, the
highest correlations were with RHe (0.74, significant at
5%), RHe (0.62, significant at 10%), and Tmin (0.74,
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Fig. 10. Correlation among Thrips, GBNV, and Weather variables (2024 - Lag
week 2).

significant at 5%) for the same week, one-week lag, and
two-week lag, respectively.

Daytime temperature (Tmax) considerably influ-
ences the thrips' life cycle, where reproductive rates in-
crease within ideal temperature ranges. A study observed
that excessively high Tmax could stress host plants and
raise the thrip death rates. Pests and crops might suffer
when temperatures rise above certain thresholds (28). Ex-
tended periods of low temperatures can cause plant
stress, making them more vulnerable to virus infections
and insect attacks. For instance, when temperatures drop
below specific thresholds, plants may exhibit reduced re-
sistance to thrips and GBNV. Tmin affects thrips' survival
and activity, as lower Tmin values can slow their develop-
ment and reduce reproduction rates. It was also observed
in a study that variables such as Tmin, RF, RD, and RHe had
a significant negative correlation with the thrips popula-
tion, while SSH and RHm showed a significant positive
correlation (14). Another investigation revealed a weak
correlation between weather parameters and GBNV, while
a strong correlation between thrips populations and GBNV
incidence in Raichur, Karnataka. In contrast, this study in
Coimbatore demonstrated a stronger influence of weather
on both thrips’ populations and GBNV incidence (29).
These variations are likely due to regional climate differ-
ences and local conditions.

The correlation between GBNV incidence and the
thrips population was 0.25 in 2023 and 0.02 in 2024, indi-
cating a weak, non-significant positive relationship. This
suggests that while the thrips population may influence
GBNV outbreaks, weather parameters likely play a more
significant role in disease incidence. High temperatures

accelerate the life cycle of thrips, increasing their popula-
tion density, especially in arid environments with low hu-
midity (30). Conversely, low temperatures and high humid-
ity can reduce thrips activity and reproduction (31). Rela-
tive humidity is crucial for thrips survival. Lower night time
RH increases mortality risk, while ideal morning RH im-
proves feeding and reproductive behaviors (32). Addition-
ally, high solar radiation and sunshine hours increase plant
stress, making them more susceptible to thrips and GBNV
spread. Rainy days disrupt thrips activity and reduce their
populations due to excessive moisture, whereas high
evaporation rates decrease soil moisture, increasing plant
sensitivity (33- 36).

The findings indicate that Tmax, Tmin, RHm, and
RHe were the most consistent weather parameters affect-
ing both thrips populations and GBNV incidence across
different time lags. Furthermore, wind speed significantly
influenced GBNV incidence after a two-week lag in 2023.
Understanding the correlation of weather variables with
lag periods helps identify delayed effects on pest and dis-
ease dynamics, enhancing early detection and forecasting.
This approach allows for targeted pest and disease man-
agement by addressing short- and long-term impacts, im-
proving forecasting models, and facilitating timely, in-
formed agricultural decisions.

Principal component analysis

The PCA approach was utilized to identify significant
weather variables affecting GBNV incidences. The scree
plot analysis, which presents the eigenvalues of the corre-
lation matrix in descending order, indicated that the first
two principal components (PC1 and PC2) accounted for
approximately 80% to 90% of the variance. The scree plots
for the 2023 corresponding week, one-week lag, and two-
week lag, along with those for the 2024 corresponding
week, one-week lag, and two-week lag, are depicted in
Fig. 11 (a -f). PCA highlighted the most influential variables
in the dataset, with PC1 explaining the maximum variance,
followed by PC2 and subsequent components. The per-
centage of variance explained indicates how much infor-
mation from the original data is retained by each compo-
nent.

Table 1 indicates that PC1 and PC2 captured most
of the dataset's variance. In 2023, the cumulative variance
explained by the first two components ranged from 82% to
89%. In contrast, in 2024, it ranged from 85% to 86%,
showing that the first two components effectively summa-
rize much of the variability for both years. The percentage
of cumulative variance varied across time lags. In 2024,
PC1 explained a higher variance for the same week and
one-week lag compared to 2023, indicating a stronger im-
mediate influence of weather variables. However, at the
two-week lag, PC2 contribution increased, suggesting a
more distributed effect of weather variables on GBNV inci-
dence (Table 1). Notably, the two-week lag influence was
consistent between years, suggesting a stable relationship
between weather and GBNV incidence over this period
despite variations in other time frames. PCA graphs for the
2023- and 2024-time lags are depicted in Fig. 12(a - f).
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respectively).

Table 1. Percentage of Variance Explained by Major Principal Components
(PC).

Percentage of Variance Explained (%)

Wy T s s s
Year (Week) o
0 62 20 8
2023 1 61 - o
2 63 26 9
0 4 12 86
2024 1 73 " o
2 63 23 86

Variables with high positive loadings in PC1 posi-
tively impacted the components, suggesting that higher

values of these variables were linked to higher component
scores, potentially favoring GBNV incidence. Conversely,
high negative loadings indicated that variables, such as
higher relative humidity, contributed negatively, possibly
correlating with reduced disease incidence. Tables 2 and 3
highlight the top two variables with the highest positive
and negative loadings for each PC in 2023 and 2024. In
2023, variables such as Tmax, Tmin, RHm, and RHe were
the most influential, with Tmax and Tmin being particular-
ly significant in PC2 across all-time lags. Wind speed, RH,
and rainfall also consistently influenced variability across
lags. In 2024, nearly all-weather variables were significant
contributors to GBNV development.

Groundnut Bud Necrosis Virus is among the most
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tively).

severe viral infections affecting tomatoes (37). In several
states, including Tamil Nadu, GBNV has become endemic,
with tomatoes accounting for 40% despite the broader
host range of GBNV (13). Among the numerous hosts, to-
matoes experience the most significant losses due to bud
necrosis disease (BND) (38). A study found that BND on
tomatoes results in yield losses of 30% to 100%, depend-
ing on the crop stage and season (39). Similarly, it was ob-
served that weather conditions, such as prolonged dry
spells, increased viral disease incidence, while rainy peri-
ods reduced it due to lower vector populations (12). Fac-
tors like temperature, RH, and prolonged sunshine hours
favor thrips activity, multiplication, and population
buildup (14). It was also noted that high temperatures and
dry weather during summer facilitated thrips proliferation

and increased GBNV incidence in tomato fields. At the
same time, rainfall during the Kharif and Rabi seasons re-
duced thrips populations and disease incidence (40).

Integrating weather forecasts with epidemiological
studies allows farmers to effectively anticipate and miti-
gate the impacts of tomato diseases. In India, GBNV is a
significant Orthotospovirus affecting crops in the Legumi-
nosae and Solanaceae families, such as groundnut, toma-
to, potato, mung bean, cowpea, and soybean. The findings
of this study can be scaled up for verification in other agro-
climatic regions and to develop a forewarning system that
promotes wider adoption. This would help mitigate the
risks of thrips-transmitted GBNV across multiple crops and
regions. Such a collaborative approach supports sustainable
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Table 2. Factor loading value of PC of corresponding weather values for the study year 2023.

Year 2023

Time Lag Time lag 0 (Week) Time lag 1 (Week) Time lag 2 (Week)
Variable PC1_Loadings PC2_Loadings PC1_Loadings PC2_Loadings PC1_Loadings PC2_Loadings
Tmax (°C) 0.29 0.42 0.18 0.52 0.07 0.57
Tmin (°C) -0.13 0.57 -0.20 0.49 -0.23 0.44
RHmM (%) -0.38 0.01 -0.38 -0.04 -0.37 -0.09
RHe (%) -0.35 0.13 -0.36 0.08 -0.37 0.06
W.S (kmph) 0.16 -0.52 0.21 -0.46 0.25 -0.41
S.S (Hours) 0.35 0.19 0.35 0.16 0.35 0.18
Rainfall (mm) -0.32 -0.13 -0.32 -0.13 -0.32 -0.17
E.V.P (mm) 0.36 -0.17 0.37 -0.05 0.37 0.02
SRn (cal /cm2 / day) 0.35 0.05 0.35 0.02 0.35 0.03
Rainy Days -0.34 0.07 -0.35 -0.01 -0.35 -0.06
Thrips 0.14 0.34 0.04 0.47 -0.03 0.48

Table 3. Factor loading value of PC of corresponding weather values for the study year 2024.

Year 2024

Time Lag Time lag 0 (Week) Time lag 1 (Week) Time lag 2 (Week)
Variable PC1_Loadings PC2_Loadings PC1_Loadings PC2_Loadings PC1_Loadings PC2_Loadings
Tmax (°C) 0.32 0.27 0.32 0.19 0.26 0.44
Tmin (°C) 0.24 0.53 0.20 0.64 0.18 0.52
RHmM (%) -0.32 0.15 -0.33 0.19 -0.34 0.20
RHe (%) -0.32 0.14 -0.32 0.25 -0.33 0.09
W.S (kmph) 0.17 -0.38 0.18 0.01 0.05 -0.38
S.S (Hours) 0.34 -0.11 0.34 -0.16 0.36 -0.11
Rainfall (mm) -0.31 0.25 -0.33 0.15 -0.35 0.18
E.V.P (mm) 0.34 0.11 0.35 0.08 0.36 0.10
SRn (cal /cm2/ day) 0.34 -0.12 0.34 -0.17 0.36 -0.16
Rainy Days -0.30 0.26 -0.32 0.17 -0.35 0.19
Thrips 0.26 0.54 0.23 0.59 0.21 0.48

farming practices and enhances agricultural resilience
amid climatic uncertainties. The study enables the devel-
opment of predictive models to forecast GBNV outbreaks
based on critical weather variables, such as temperature
and humidity, two weeks in advance. This facilitates timely
interventions and efficient resource allocation to effective-
ly manage pest populations and disease incidence.

Conclusion

Principal Component Analysis (PCA) and time-lagged cor-
relation techniques were utilized to optimize ERWF to
effectively manage GBNV in tomato crops. These multidis-
ciplinary methods empower farmers to implement target-
ed measures to control GBNV, thereby enhancing tomato
production. The study revealed that weather parameters
significantly influenced disease incidence and thrips popu-
lations in the Thondamuthur block of Coimbatore district,
Tamil Nadu. Time-lag analysis conducted up to two weeks
prior, demonstrated a strong correlation with meteorological

factors, underscoring the pivotal role of weather in devel-
oping thrips and GBNV. These findings highlight the im-
portance of accurate, two-week advanced weather fore-
casts for effective disease management.

Furthermore, the study emphasized that evaluating
the relationship between weather parameters and disease
incidence is crucial for improving model performance and
ensuring reliable ERWF results. By leveraging these in-
sights, farmers can anticipate and mitigate the impacts of
GBNV more effectively, promoting sustainable and resili-
ent agricultural practices. Future research may focus on
developing predictive models and integrating forewarning
tools for GBNV and thrips dynamics across diverse agro-
climatic zones.
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