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Abstract.- Relationship of whitefly (Bemisia tabaci) population and environmental conditions were studied on
five tomato cultivars. Environmental conditions had a significant contribution in development of whitely population
during two years of study. Temperature and relative humidity contributed towards the whitefly population buildup.
The whitefly population increased with increased in temperature while decreased with the decrease in relative
humidity. The contribution of maximum temperature was explained by linear regression which showed 83 to 91%
variability in whitefly development. The minimum temperature explained 75 to 85% whitefly population variability.
Relative humidity exerted 78 to 85 percent contribution in the whitefly population development. The linear regression

could not explain the contribution of rainfall and wind speed.
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INTRODUCTION

Tomato (Lycopersicon esculentum Mill.) is

the second most important vegetable crop by
volume of production after potato. Current world
production of tomato is about 150 million tons
which is cultivated on 4.6 million hectares (FAO,
2011). The area under tomato cultivation in Pakistan
is 52.3 thousand hectares and production is 529.6
thousand tones (GOP, 2011). The inferior quality of
seed, lack of production technology, poor
management practices and the impact of pests and
diseases contribute to low tomato yields.

Whitefly, Bemisia tabaci (Genn.) causes
significant damage to crops through phloem-
feeding, induction of phytotoxic disorders, excretion
of honeydew and most importantly, transmission of
plant viruses (Dalton, 2006; Liu et al., 2007; De
Barro, 2008). It can transmit more than 15 viruses
that cause almost 40 plant diseases (Pan et al.,
2012). Among the viral diseases, tomato leaf curl
virus (TLCV) has emerged as the most important
geminiviral disease (Haider et al., 2007). A single
whitefly can transmit TLCV after feeding on
infected plants in a circulative and persistent manner
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(Uchibori et al., 2013). The transmission rate of the
virus may reach upto 100% after increasing the
acquisition access period (AAP) and number of
whiteflies (Li et al., 2010). B. tabaci inoculates
young leaves more efficiently as compared to older
ones (Rashid et al., 2008). TLCV can be transmitted
between male and female whiteflies during sexual
intercourse (Ghanim and Czosnek, 2000). The virus
can also be acquired by whiteflies from infected
tomato fruits and subsequently transmitted to
healthy tomato plants (Delatte et al., 2003).

Environmental factors especially temperature
is important for growth, development, and
reproduction of insects. It also affects the internal
and external conditions, including developmental
stages, nutritional unbalance, pathogen intrusion,
geographic habitats and other environmental stimuli
(Denlinger and Yocum, 1998; Feder and Hofmann,
1999; Denlinger and Lee, 2010). Increasing
temperature is favorable for activities and
developmental processes of whitefly due to which
its population increases while the increasing relative
humidity inhibits the activities of whitefly (Aktar et
al., 2008). At high temperature and low relative
humidity maximum whitefly infestation was
observed in okra crop (Ali et al., 2005).

Due to the heavy losses caused by TLCVD
and other physical disorders caused by honey dew
secreted by whitefly, it was necessary to record the
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whitefly population with respect to environmental
conditions in Pakistan. The main objective of the
study was to quantify the environmental factors that
play important role in the B. tabaci population
build-up that would provide a base for the prediction
and precise management of whitefly.

MATERIALS AND METHODS

The present study was carried out in the
Research Area Department of Plant pathology,
University of Agriculture Faisalabad, Pakistan to
determine the effect of environmental conditions on
whitefly population in different tomato genotypes.
Five tomato varieties/lines (Big Beef, Caldera,
Sitara-TS-101, 014276 and Salma) were collected
from Ayub Agricultural Research Institute,
Faisalabad, Pakistan and sown during two years in
tomato growing seasons of 2012 and 2013. The
experiment was laid out in randomized complete
block design with three replications. Each entry was
sown in a row of 3m length with 30cm plant to plant
and 75cm row to row distance. A line of highly
susceptible variety i.e. Fanto was sown after every
three entries and two rows of the spreader all around
the field. Recommended agronomic practices were
followed to keep the crop in good condition.

Data collection

B. tabaci population data were collected from
the disease screening field sown in 2012 and 2013.
Three plants from each variety were selected for B.
tabaci population data. Whiteflies numbers from
upper, middle and lower leaf of selected plants were
counted and calculated on weekly basis. Differences
were estimated on the basis of mean B. tabaci
population. The data of different environmental
factors such as maximum and minimum
temperature, relative humidity during (RH) the
growth period of the crop was acquired from the
website www.uaf.edu.pk.

Data analysis

The data were analyzed using two statistical
software package i.e. Statistics 8.1 and IBM SPSS
statistics 22. The environmental and B. tabaci
population data were statistically analyzed using
Pearson's correlation coefficient. Analysis of

variance (ANOVA), and comparison between B.
tabaci population and environmental conditions
were made through least significant difference test
(LSD at P<0.05). Effects of environmental variables
(maximum and minimum temperatures, relative
humidity, rainfall and wind speed) on B. tabaci
population were determined by correlation analysis
(Steel and Torri, 1997). Environmental variables
exhibited significant relationship with B. tabaci
population was graphically plotted and critical
ranges of environmental variables conducive for B.
tabaci population development were determined.

RESULTS

Effect of environmental conditions on whitefly
population

The whitefly population was recorded at one
week interval from upper, middle and lower leaves
of three selected plants from each variety/line. The
data were recorded upto six weeks in both the years
(2012 and 2013) during which temperature
(maximum and minimum) was increased and RH
decreased. Whitefly population increased with
increase in temperature (maximum and minimum)
and decrease in RH during 2012 and 2013 (Table I).

Correlation of environmental conditions with B.
tabaci population

A highly significant role was played by
temperature (maximum and minimum) in the
development of B. tabaci population in all five
varieties/lines i.e., big beef, caldera, sitara-TS-101,
014276 and salma during two years as depicted by
their respective values of correlation coefficients (r)
and levels of probability at 5% level of signicance
(Table 11). The overall correlation of RH was highly
significant and negative with B. tabaci population
on all five varieties during both years. Rainfall and
wind speed showed non-significant relationship
with B. tabaci population on all the five varieties.
Minimum average whitefly population was found in
variety big beef (3.53) and maximum was in salma
(4.88).

Environmental conditions conducive for the
development of B. tabaci

The environmental conditions conducive for
the development of B. tabaci population were
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Table. .- Effect of environmental conditions on whitefly population during 2012 and 2013.
Years Maximum Minimum Relative Rainfall Wind speed  Whitefly population
temperature (°C)  temperature (°C)  humidity (%) (mm) (Km/h) Mean + SEM

2012 39.6 25.3 51.9 0 3.03 1.58+0.09

May-June 40.71 26.53 49.3 0 7.8 2.94+0.08

42 28.9 47.75 0.5 5.2 3.44+0.25

42,5 28.9 43 0 6.3 5.65+0.39

43.3 36.14 42.1 0 7.3 6.5+0.48

44.14 37 39 6.7 5.85 8.2+0.56

2013 35.81 25.67 51.86 0 4.84 1.6+0.11

May-June 39.86 26.07 45.14 0 8.74 3.0+0.27

40.11 26.08 43.43 0 6.43 4.18+0.63

40.29 27.23 29.1 151 7.43 5.76+0.61

42.54 29.02 25.71 2.33 6.3 6.6+0.59

44.82 30.63 17.14 0 6.61 7.56+0.61

Whiteflies were collected from upper, middle and lower leaves of the plants through aspirator.

Mean whitefly showing 3 samples/plant.
Average Whiteflies population was taken from 3 plants/row.

Table Il.-  Correlation of environmental conditions with B. tabaci population during two years (2012 and 2013).
Varieties/lines Maximum Minimum Relative Rainfall  Windspeed  Average whitefly
temperature temperature humidity (%) (mm) (Km/h) population

§9) §9)

Big beef 0.857™ 0.780™ -0.788™ 0.535Ns 0.284 NS 3.53+0.02
0.000 0.003 0.002 0.073 0.371

Caldera 0.864™ 0.783™ -0.781™ 0.538 NS 0.289 NS 3.83+0.22
0.000 0.003 0.003 0.071 0.362

Sitara-TS-101 0.873™ 0.770™ -0.775™ 0.532Ns 0.307 NS 4.64+0.38
0.000 0.003 0.003 0.075 0.332

014276 0.887™ 0.774™ -0.770™ 0.537 NS 0.311Ns 4.72+0.06
0.000 0.003 0.003 0.072 0.325

Salma 0.873™ 0.771™ -0.767" 0.533NS 0.291 NS 4.88+0.24
0.000 0.003 0.004 0.074 0.359

** Significant at P = 0.05; NS, Non significant.

Upper values in the table indicate the extent of correlation between environmental variables and whitefly population, whereas lower

values indicate the level of probability at p < 0.05.

characterized on five tomato varieties i.e., big beef,
caldera, sitara-TS-101, 014276 and Salma. All the
environmental variables contributed towards the B.

tabaci population development. There was
significantly  positive  relationship ~ between
temperature and B. tabaci population. The

relationship between RH and B. tabaci population
was significantly negative. The relationship of B.
tabaci population was very poor with rainfall and
wind speed. The five varieties performed
significantly during two years. The maximum

temperature ranged from 36 to 45°C during two
years. The B. tabaci population increased with
increase in maximum temperature and linear
regression model explained 83 to 91% variability in
the B. tabaci population development. Highly
significant correlation of maximum temperature
with B. tabaci population was found in case of
variety 014276, where it contributed 91% towards
B. tabaci population development. The minimum
temperature which ranged from 25 to 37°C
significantly correlated with B. tabaci population
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during two years. The correlation of minimum
temperature was best explained by linear regression
model as indicated by significant r values. The
minimum temperature explained 75 to 85% of the
variability in B. tabaci population development. The
minimum temperature contributed 85% towards B.
tabaci population development in the case of
caldera.

RH had significant influence on B. tabaci
population and linear regression model explained 78

to 85% wvariability in B. tabaci population
development. There was negative correlation i.e. as
the RH increased the B. tabaci population

decreased. The maximum influence of RH was
observed in the case of big beef where it contributed
85% towards B. tabaci population development.
Rainfall had no significant influence on B. tabaci
population and polynomial regression explained 35
to 42% of the variability in B. tabaci population
development. A linear relationship was not found in
case of rainfall with B. tabaci population
development as indicated by very low r values. The
rainfall explained 42% variability in B. tabaci
population development in case of 014276. The
wind speed had non-significant effect in the B.
tabaci population development and its contribution
was very poor. The linear model indicated very low
r values. The wind speed exerted maximum
influence of about 36% in disease development in
the case of 014276.

DISCUSSION

Whitefly (B. tabaci) population increased
with the increase in temperature and decrease in
relative humidity (Table I). Maximum temperature
was also significantly correlated with whitefly
density in the semi-arid region of Rajisthan, India
(Kumhawat et al.,, 2000). This is due to the
enhanced developmental activities of the B. tabaci
with the increase in temperature. The mean
development time in days from egg to adult was 37
at 20°C and 20 at 25-30°C. Temperatures of 25°C
and 30°C were found to be the most favourable for
the development of egg and nymph stages of B.
tabaci (Darwish et al., 2000). The optimum
temperature and relative humidity ranged for the
buildup of whitefly population was 20-24°C and 46-

60%, respectively (Bishnoi et al., 1996). Sowing
time also affected the whitefly infestation in tomato
as B. tabaci attacks were more severe during months
of high temperature and low RH and rainfall
(Rashid et al.,, 2008). Abiotic conditions had
significant negative influence on B. tabaci
population. In case of relative humidity gradient a
positive influence was observed (Kaushik, 2012).

The whitefly increased with the rise in
minimum temperature and decreased with the
increase in the relative humidity, while rainfall and
wind speed had no significant relationship with
whitefly population in okra (Ali et al., 2005).
Stepwise regression analysis showed that the
influence of air temperature, rainfall and relative
humidity was significant on whitefly population in
mungbean (Khan et al., 2006). Whitefly completed
different stages of its development in 20 days at
30°C and in 56 days at 17°C. The functional
relationship between the effect of temperature on
the population dynamics provides a basis for the
development of population models (Bonato et al.,
2007).

The year wise effect of temperature
(maximum and minimum) on whitefly population,
was significantly positive and of relative humidity
was significantly negative. The relationship between
rainfall and whitefly population buildup was
significant during both years (2012, 2013) (Table
I1). These results are in contrast with those of Singh
(1990) who found that hot weather with little or no
rainfall was conducive for the multiplication of B.
tabaci. Similarly adult whitefly population declined
after rain flashes (Henneberry et al., 1995). During
rain whitefly eggs and nymphs were reduced
(Castle, 2001). High concentration of whitefly was
observed with the increase in wind speed because of
ease in migration towards the field of host plant.
Higher wind speed could be deleterious to the
whitefly flight (Pasek, 1988).
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