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ABSTRACT

Whiteflies (Bemisia tabaci) in cotton (Gossypium hirsutum L) cause wide spread yield loss
through the transmission of a range of viruses. Whitefly are becoming difficult to control and
manage partially as a result of changing weather patterns in Pakistan, synthetic pesticides
are commonly used in attempts to combat this pest, but recommended rates are often
exceeded to try and improve control resulting in resistance issues and health complications
for the farmers applying the pesticides. There are integrated, non-chemical control options for
whiteflies including crop rotation design, bi-cropping, trap cropping, irrigation management,
mulching, varietal resistance and biological control which can help reduce the pest burden
when used appropriately. Growing Bt cotton can help to reduce challenges in whitefly control.
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INTRODUCTION

Cotton (Gossypium hirsutum L) growing generates
0.8% share of gross domestic product (GDP)
(Bashir et al. 2024) is the third largest crop grown in
Pakistan making it the fourth largest cotton growing
country in the world. However, Pakistan’s cotton
yields have stagnated during the past two decades
and increasingly farmers struggle to be globally
competitive (Rana, 2021). The southern part of
Punjab has a favorable weather for cotton production
(Shafig-ur-Rehman et al., 2021; Yasin et al., 2020)
as the predominate weather for the region is hot and
dry in the summer and cold and dry in winter with
a temperature range of 7°C to 48°C (Ahmed et al.,
2022). Soils are predominately alkaline loams with
low available nitrogen, phosphorus and potassium
(Ahmed et al., 2022). Cotton is grown for fibres which
are utilized by the textile industry whilst also producing
seeds for oil and animal feed sector (Ozyigit et al.,
2007). Cotton-wheat rotation are among Pakistan’s
most common cropping system (Ahmed et al., 2022).
Generally, farmers in Pakistan do not have access to
the appropriate machinery for direct drilling wheat and
as the stubble after cotton is often slightly compacted,
the cotton stems must be removed to create a seed bed
for the following wheat crop (Ahmed et al., 2022) which
in the long term may lower soil organic matter levels.

Whiteflies (Bemisia tabaci), amongst other pests cause
damage to cotton crops resulting in a global loss of
billions of USD (Hasan et al., 2019). B. tabaci are still
one of the most challenging pests among the 1556
species of whiteflies in vegetable and ornamental
crops globally (Sani et al., 2021). They feed on many
crops from a wide range of crop families (Kunjwal et
al., 2018; Sani et al., 2020) and their feeding can lead
to the plant becoming infected with a wide range of
viruses, including the cotton leaf curlvirus (CLCV)
which causes slow or even halts early crop growth
(Parkash et al., 2021) and decreasing photosynthesis
rate as well as excreting honeydew during feeding
(Polston and Capobianco, 2013; Gao et al., 2017).
CLCV is widespread throughout the world, with
epidemics in Africa, Asia and South America, leading
to around 1500 kg/hayield loss in South America alone
(Mahas et al.,, 2022). The symptoms of the disease
include internodal shortening; rolling and cupping
of leaves; reddening veins; wilting; smaller flower
and boll size and even sterility in cotton plants
(Conner et al., 2022). Whiteflies, are characterized by
the six stagesintheirlife cycle: egg, fourinstars and adult
(Sani et al., 2020) (Figure 1). The incubation of the
eggs which can be deposited on either the upper
or lower leaves of plants, can take 5 to 9 days,
depending on the host species and the influence of
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Figure 1: Whitefly lifecycle in Pakistan

temperature and humidity (Gangwar and Charu, 2018;
Solanki and Jha, 2018). After hatching the whitefly
crawlers start feeding on the leaf with their proboscis
in a probing action (Fekrat & Shishehbor, 2007).
The historical problem of whitefly control

Whiteflies were first identified in Greece in 1889 by
Gennadius, who named them Aleyrodestabaci in
tobacco plants (Sani et al., 2020), and it was reported
as a vector for the pathogen transmission in tobacco
leaf curl virus and African cassava mosaic virus
(Facquet and Fargette, 1990). There were reports of
whiteflies in 1928 in the Brazilian region of Bahia State
(the instances where the species spread pathogens
was then discovered in the tropical Americas in 1946
in arrow leaf sida (Sidarhombifolia). In the 1950’s, the
mechanism of transmission of Euphobia mosaic virus
was reported, and the 1960s and 70s saw more diseases
transmitted by whiteflies in tropical Americas and the
Caribbean basin until in the 80s, the pest became a
sizable threat to cotton and other crops (Brown and
Bird, 1992). In the decade that followed, the level of
whitefly infestation was very high globally causing large
economiclossesincropdamage (BrownandBird, 1992).
Initially, research interests and efforts were limited
to a local or regional level until the pest and related
diseases became more prevalent across the globe
(Brown and Bird, 1992). Both the species of whiteflies
and the virus spread by them have since been studied

extensively, with major breakthroughs during the last
few decades of 20" Century (Brown and Bird, 1992).
Controlling whiteflies is consistently a challenge due to
the ability to become resistant to pesticides. Whiteflies
also benefit from the wide range of crops that can serve
as host plants to this pest, as well as increased human
activity and trade aiding their distribution worldwide.
There have been instances where irregular
rainfall patterns (see table 1) in the world might
have contributed to spikes in whiteflies infestation
(Kumar et al., 2002). Under the context of increased
occurrences of extreme weather patterns, including
those observed in Pakistan in June 2022, there will
be greater climatic challenges influencing the ideal
sowing time for optimal whitefly control in cotton.
Cotton has benefited from technological advances over
the years, specifically new cultivars through genetic
modification to resist pests. Since 1996, cotton plant
have been genetically modified for protection against
bollworms by using the toxin (d-endotoxins (Cry
proteins)) producing gene from Bacillus thuringiensis
bacterium in the soil, hence the name Bt (Rana, 2021).
The commercialization of Bt-Cotton started in the United
States in 1996 and since then two other generations
of Bt-Cotton have been commercialized (Rana, 2021).
These varieties have since been used in many cotton
growing areas in the world (Zhao et al., 2022) including
Pakistan where it was introduced in 2002 (Rana, 2021).
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Table 1: Extreme weather events in Pakistan

Weather factor Details

Source

Temperature up to 2023

The average annual temperature has risen from 24.6°C in 1980 to 25.5°C leading

WorldData.info

Precipitation anomalies greater than 4

2010 had flooding anomalies greater than 2 and 2022 experienced had flooding

Ashfaq et al. 2023

Precipitation

There is an increasing precipitation trend in September and June

Adnan, Ullah & Shouting 2016

Precipitation

In May 2023, 900mm of rain fell making it the wettest May since 1962

WorldData.info

Precipitation rainfall over 5 days due to 1.2°C global warming.

The provinces of Sindh and Balochistan experienced a 75% increase in intensity of

Otto et al. (2023)

Precipitation

In February 2023, just 5mm of rain fell making it the driest February for 22 years

WorldData.info

Drought

There was the longest drought ever recorded in Pakistan from 2000-02

Adnan, Ullah & Shouting 2016

Bt-cotton does not target whiteflies specifically and
therefore the mechanism with which Bt-Cotton is able
to resist whiteflies has not been extensively studied
(Zhao et al., 2022). The adoption of Bt-cotton around
the world led to a decline in the use of pesticides
in cotton, due to decrease in numbers of targeted
bollworm (Abubakar et al., 2022), but there have been
reports of nontarget pest outbreaks (Lu et al., 2012). In
the absence of Bt-Cotton, extensive use of high rates
of insecticide to control whiteflies has led to resistance
(Roditakis et al., 2009), especially in the Q-biotype (Yuan
et al., 2012). Pakistan has been at a disadvantage in
terms of whitefly control as the high rates of insecticide
use have led to resistance in whiteflies, coupled with
many host plants for this pest within the country. Whitefly
resistance has not been such a challenge in many
other countries as Bt-Cotton has suppressed this issue.
Current methods of whiteflies control:

Whiteflies are usually controlled by synthetic
insecticides and the cultivation of cotton uses 6% of
all the pesticides and 16% of all the insecticides in
the world, the most for any crop globally (Shafig-ur-
Rehman et al., 2021). In Pakistan, cotton crops often
receive as much as twice the recommended amount
of insecticide used in conventional cotton cultivation
elsewhere (Khan et al, 2011; Yasin et al., 2021).
The large amount of pesticide usage represents a
significant portion of the input cost (around 33%)
(Faroogi, 2010) and therefore lower the financial
returns from a given yield, whilst also being a threat to
the health of farmers, consumers and population in the
surrounding region due to pollution (Sani et al., 2020).
There have been reports of thousand casualties in
Pakistan that have been linked to pesticide poisoning
every year (Shafig-ur-Rehman et al., 2021), in addition

to the health problems including neurological disorders
and leukemia (Hashmi et al, 2011). The overuse
of pesticide also means that resistance in pests
develop faster which cause further pest challenges.
There are physical and cultural control methods that can
reduce the numbers of whiteflies with varying degrees of
effectiveness. Most of the available research, however,
uses different host plants and different environments,
and therefore there are uncertainties in whether the
methods work well in the wheat-cotton rotation in
Punjab, Pakistan. In some circumstances it has been
found that reducing the nitrogen supplied to the cotton
plants can reduce whitefly numbers (Bi et al., 2001),
however, this may have implications on final yield.
The use of drip or sprinkler irrigation can lower the
density of whiteflies and therefore the transmission
of viruses they spread (Abd-Rabou & Simmons,
2012), however, changing irrigation pattern can
impact crop yield by reducing the crop water
availability for growth and resulting plant stress.
Diversifying the crop rotation and intercropping cotton
with other plant species can help control whiteflies. Uses
of tall-growing grasses or cereals from the Gramineae
family which are non-host plants for whiteflies have
been shown to increase predatory insects which then
helps reduce whitefly numbers (Bao-jie et al., 2021).
Intercropping or bi-cropping with other species
such as sunflowers, buckwheat and soybean with
cotton has been shown to reduce whitefly density
(Yan et al., 2019). The principle is the “push-pull”
strategies to deter and attract pests, by exploiting the
pests’ preferences when it comes to the plant species,
cultivars or growth stage of the crop (Cook et al., 2007).
Push-pull can be done by the establishment of the same
species as the main crop earlier or later and then adding
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Table 2:  The opportunities and challenges of introducing bi-cropping systems

Opportunities arising from bi-cropping
Different plant species to attract insect predators

Improved land use efficiency
Reduced weed growth

Spreads cropping risk

Source: Cannon et al., (2019)

Challenges of bi-cropping
Challenges when using mechanized harvesting, spraying and planting systems

Potential increased intraspecific plant competition

More complex cropping system management required

Figure 2: Arange of management techniques which are required for successful whitefly management.
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farmers, shifts in agricultural systems and synthetic
mulches may leave undesirable residues in the soail.
There are traditional methods that many farmers are
already using to repel sucking pests including whiteflies
such as spraying of liquids including buttermilk (Kumar
et al., 2002), cow urine and other botanical extracts or
solids manures such as cow dung (Abukabar et al.,
2022). Buttermilk’s usefulness comes from its ability
to spread and sticks to the wings of whiteflies due to
the casein protein present in it (Abukabar et al., 2022).
Spraying buttermilk on okra crops have resulted in a
60% reduction in whitefly populations (Karthikeyan
et al., 2006), and when combined with detergents
on black gram have reduced whiteflies population
(Taggar and Singh, 2020). Cow urine, on the other
hand, contains herbal aqueous extracts that drive
whiteflies away, and unlike pesticides, does not target
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the natural enemies of whiteflies (Patel et al., 2017).
Other extracts including garlic and milkweed extracts
have helped control whitefly (Barati et al., 2013). These
methods, however, are not backed up by scientific
evidence, with inconsistent results and varying
constraints by environmental factors (Isman, 2017).
Current and future options for more sustainable
control methods: All the physical and cultural methods
mentioned so far are useful for integrated approaches
as they involve the use of a wide range of methods
to reduce environmental pressures (Kanakala and
Ghanim, 2019). Biological control involves the use of
one organism to aid the control of crop pests (Daniel and
Wyss. 2010). There have been as many as 150 species
identified as natural enemies of whiteflies, but research
into the different species as possible ways to control
whiteflies is limited (Gerling et al,, 2001). Predator
species such as Coccinellidae species(ladybird beetle)
and Chrysoperla carnea (Stevens) green lacewing)
have demonstrated high level of whiteflies reduction
in greenhouse conditions on tomato crops (Rehman,
2020), but further research is required to test their
abilities to control whiteflies in cotton in field conditions.
The development of resistance management plan
for Bt-Cotton relies on the resistance to Cry proteins
being recessive to avoid resistance alleles occurring
at high frequencies when random mating between
individuals for producing moths to mate with any
resistant survivors (Knight et al.,, 2021). Additionally,
plans can then be developed to avoid early or late
planting of crops to limit exposure of whitefly using
structured refuge areas to dilute resistance at the end
of the season by killing pests with resistance alleles
by trap crops and cultivation (Abubakar et al., 2022).
These same principles can be applied to non Bt-
Cotton in Pakistan through the use of refuges, planting
window, pupae destruction, late season spraying in an
integrated approach to control pests to avoid disruptive
chemical insecticide (Knight et al., 2021). Changes
to the cotton plant variety with the introduction of
Bollgard 3, which produces both Cry1Ac and Cry2Ab2
in addition to the Vip3A protein and changes to the
alleles in pests have since induced adaptations to the
scheme, but the ultimately the plan has been highly
effective where Bt-Cotton is grown (Knight et al., 2021).
RNA interference (RNAI) offer promise for white fly
control through molecular mechanisms involved in
the regulating gene expression in eukaryotic cells.
The small double-stranded RNA (dsRNA) enables a
sequence specific suppression expression of a target
gene (Ribeiro et al., 2022) and often used against
coleopteran and lepidopteran pests. An example
of how this could be used in white fly control is by
silencing expression genes that control of transport

the juvenile hormones (JHs) which are important for
insect development (Fu ef al., 2016) but so far this
is not commonly used for whitefly control in cotton.
Control tactics also need to involve cooperation
between scientists from local universities and state
department to determine economic threshold level for
the application of insecticide when threshold numbers
of whitefly adults and nymphs have reached per leaf
(Dhilin et al., 2016; Kumar et al., 2002). Programmes
involving improved surveillance and monitoring
schemes, enhanced spray technologies and techniques
to farmers training programs have substantially helped
the control of whitefly population in Punjab, India.
Such programs can help farmers appreciate the
wide range of management techniques that can be
used simultaneously to help in avoiding severe pest
attack and to prevent pesticide resistance (Figure 1).

CONCLUSION

Adoption of IPM and molecular techniques like RNAI
interference and transgenic plants which contain
toxins against whitefly are becoming more important
in whitefly management however, seed prices and
restricted access to seed limit this option for farmers in
Pakistan. The seeds of Bt-Cotton are difficult to obtain
due to the fear of infringing Monsanto’s IPRs, leaving
farmers to get seeds from less reliable sources.
However, farmers need to adopt a wide range of non-
chemical techniques to avoid resistance and create an
appropriate growing environment for cotton in Pakistan
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