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Abstract
Chili leaf curl virus (Genus: Begomovirus, Family: Geminiviridae) a whitefly transmitted virus causing
chili leaf curl disease (ChiLCD) occurs in Pakistan. Spatial distribution of ChiLCD and its correlation
with environmental factors in southern irrigated plain zone of Pakistan was determined. The incidence
and severity was recorded based on biological symptoms. There were five repeats for observation at
each site; individual repeat comprised ten chili plants. Incidence of the disease was calculated by using
mathematical equation, 0-5 rating scale was used to record the disease severity. Metrological data was
collected from nearby regional agro metrological stations. There was significant variation among the
disease incidence recorded at different sites of Hyderabad (df= 9, F= 13.5, P= 0.0000), Tando Allahyar
(df= 9, F= 1.79, P= 0.1037), Mirpur Khas (df= 6, F= 1.74, P= 0.1555), Jamshoro (df= 5, F= 3.81, P=
0.0138), Larkana (df= 8, F= 9.99, P= 0.0000) and Dadu (df=9, F=3.93, 0.0015). Severity of the disease
was ranging between 1 to 2-score in the surveyed areas. The minimum and maximum temperature
were significantly related with the disease incidence (r2= 0.7229, P= 0.0458 and r2= 0.8073, P= 0.0218,
respectively) but there was non-significant relation with severity of the disease. Incidence of the disease
was negatively correlated with relative humidity (r2= -0.8073, P= 0.0218). There was non-significant
negative relationship of the disease severity with relative humidity and rainfall (r2= -0.5774, P= 0.1511,
r2= -0.3515, P= 0.3894, respectively). Rainfall was also negatively non-significantly correlated with
the disease incidence.
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dry mountains, dry western plateau and
Sulaiman piedmont [5]. District Thatta, some
parts of District Badin and Hyderabad
comprise Indus delta zone. Whereas, lower
Indus Basin comprise southern irrigated plain
zone. Various district of Sindh province are
included in this region like Nawabshah,
Sanghar, Tharparkar, Badin, districts of
upper Sindh including Dadu, Khairpur,
Shikarpur, Larkana, Jaccobabad and Sukhur
[5].
The various reasons for reduction in yield of
chili are mentioned such as insect pests
includes aphids, mites and thrips etc and
pathogens that includes fungi, viruses,
bacteria and nematodes. Chili crop is shown
to be attacked by about 35 viruses throughout
the world. Majority of these viruses is
transmitted through aphid insect vectors,
whereas nematodes, thrips, leafhoppers,
whiteflies, beetles and fungi involved to
transmit the remaining viruses of chili crop.
Contact transmission and through soil is also
known but the underlying mechanism is
unclear yet. Most chili viruses are distributed
worldwide with the exception of Chili veinal
mottle virus, pepper severe mosaic virus,
pepper veinal mottle virus, pepper mild
mosaic virus and pepper mottle virus. These
have been reported only in certain geographic
areas. Many of these viruses cause
considerable yield losses [6]. In Pakistan, 7
viruses such as cucumber mosaic virus
(CMV), chili veinal mottle virus (CVMV),
potato virus Y (PVY), potato virus X (PVX),
tobacco mosaic virus (TMV), pepper virus
etch (PTV) and pepper mild mottle virus
(PMMV) are shown to infect chili in Sindh
and Punjab (Hameed, 1995). Chili leaf curl
virus (Genus: Begomovirus, Family:
Geminiviridae) a whitefly transmitted virus
causing chili leaf curl disease (ChiLCD)
which is also distributed throughout the
world [7-9]. ChiLCD is the most destructive
disease in terms of incidence and yield loss.
In severe cases, 100 percent losses of

Introduction
Chili
(Capsicum
annuum
L.)
is
economically-important cash crop of
Pakistan. Chili is originated from Mexico
more than 8,000 years ago, and their
domestication and cultivation for the first
time
in
Meso-America
occurred
approximately 6,000 years ago [1]. It is
commonly grown in several subtropical and
tropical countries areas of Europe and Asia
and is used in both food and medicine. In
Pakistan it is grown in different agro
ecological regions during summer and winter
seasons [2].
Chili is a versatile crop in which fruits are
harvested at either the mature green or red
stage of maturity. It is also commonly called
as red pepper. Chili is also high consumed in
tropical and subtropical areas due to its
nutritional value and considered as cash crop
for farmers and in developed and developing
countries [3]. The chili prefers warm humid
climate soils, which are basically light and
wall drained are best suited. Transplanting
has to be done when the plant reaches the
height of 15 to 20 cm. it is always done in to
pair. Maintaining spacing between rows is
essential. Weed free conditions should be
maintained. Irrigation must be provided
every for up to 15 days after transplanting.
The crop maturation period is about 150-180
days which is dependent on variety, climate,
fertility and water management. The growth
of chili consists of vegetative and
reproductive phases. Vegetative phase in
chili extends to 75-85 days followed by 7595 days of reproductive phase [4].
Approximately 23.3 % GDP of Pakistan is
supported by agriculture sector and becomes
largest source of the economy. In Pakistan
different ecological conditions are found
based on physiographic, climatic, soil type
and agricultural land as Indus delta, southern
irrigated plain, sandy desert, northern
irrigated plain, barani (rainfall), wet
mountains, northern dry mountains, western
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marketable fruit have been reported [10, 11].
The typical symptoms consisting of leaf
curling, rolling and puckering; blistering of
intravenous areas, thickening and swelling of
the veins, shortening of internodes and
petioles, crowding of leaves and stunting of
the whole plant [12].
The most effective method of viral disease
management is the use of disease resistant
plant varieties. For such purpose different
chili varieties have been screened against the
leaf curl virus in greenhouse to examine most
tolerant variety for recommending farmers
[13-15]. However, there is no any baseline
work conducted in recent to assess high
disease risk points for such screening and its
correlation with environmental conditions is
also not known during current decade. Thus,
this study is planned to determine spatial
distribution of ChiLCD and its correlation
with environmental conditions in Indus delta
and southern irrigated plain zone of Pakistan.
Materials and methods
The disease assessment
Visually assessment method was used to
record intensity of the ChiLCD under natural
conditions at commercial farmer fields in
various districts of Sindh province viz.,
Larkana, Dadu, Mirpurkhas, Tando Allahyar,
Hyderabad and Jamshoro. Fields were
selected randomly with the keenness of
growers for the survey to cover the main
arable areas which were managed by
growers. There were five repeats for
observations at each site, individual repeat
was comprising ten chili plants. Incidence of
the disease was calculated by following
mathematical equation;
Incidence (%) = No. of symptomatic plants × 100
Total Number of plants under observation

Disease severity was measured by using 0-5
rating scale previously described by [10].
Metrological data
Metrological data was collected from nearby
regional agro metrological stations.
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Statistical analysis
Data collected on the disease intensity
measured as disease incidence was processed
in analytical software (STATISTIX v. 8.1)
for calculating least significant differences
among the surveyed locations of individual
district. Relationship among the disease
intensity and environmental conditions was
determined using PRISM v. 5.01 (Graph Pad
Software).
Results
Incidence of chili leaf curl disease in
different regions of Sindh
Maximum 100 % incidence of chili leaf curl
disease at Hyderabad district was recorded in
the fields at Baldiya town, Muhammad Ali
Magsi-Farm and Badin road followed by
Hyderbad New City (96 %) and Allam KhanFarm (90 %) (Fig. 1). Minimum 72 %
incidence of the disease was recorded at
Village Budau Sail-2 followed by Village
Budau Sail-1 (74 %), Nazir Khan Magsi Farm and Village Narija (80 %) and Abdul
Razaque-Farm (82 %) fields of district
Hyderabad (Fig. 1). In district Tando
Allahyar maximum incidence of the disease
was observed at Kohli Village (96 %) and
Hasseb-Farm (94 %) followed by Nawab
Kohli (90 %), Shabeer Shah Rashdi-Farm
and Zafarullah-Farm (86 %), Rashdi Farm-2,
Village Peer Kathi, and Khuwaja stop (84 %)
(Fig. 2). Whereas Rashdi Farm-1 showed
minimum (78 %) disease incidence followed
by Bashir Magsi-Farm (80 %) in the same
district (Fig. 2). Village Khumbri field at
district Mirpur Khas showed significantly
higher disease incidence 92 % followed by
Dolat Kohli-Farm and Abdul Hammed
Solangi-Farm (82 %) (Fig. 3). Minimum
disease incidence in district Mirpur Khas was
observed at Village Dudo (72 %) followed by
Abdul Jabbar Khaskheli-Farm, Village
Machi Goth and Hamidullah Solangi-Farm
(74 %) (Fig. 3). In district Jamshoro, 100 %
incidence of the disease was recorded at
Village Nawab Chohan and Allah Warayo
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Khoso-Farm (Fig. 4). Field at Village
Sikandar Chohan in Jamshoro showed 92 %
incidence of the disease which was higher
than Near Kotri Junction (90 %), Saleem
Khoso-Farm and Lal Bux-Farm (86 %) (Fig.
4). In district Larkana nine fields were
surveyed for recording the disease.
Significantly higher disease incidence 76 %
was observed at field of Mukhtair Unar-Farm
followed by Village Traghar (64 %) (Fig. 5).
Whereas minimum incidence of chili leaf
curl disease was observed at Fahad Ali
Junejo-Farm (20 %) followed by Liaquat Ali
Merani-Farm (32 %), Village Hassan Wahan
(42 %) (Fig. 5). Ali Bhutto-Farm showed 60
% disease incidence, which was higher than
Naodaro (58 %), Banguldaro (56 %) and
Irfan Ali Soomro-Farm (46 %) (Fig. 5). In
Dadu district ten fields were surveyed,
significantly maximum incidence of chili
leaf curl disease was recorded at Hassan
Junejo-Farm (58 %) followed by Ghulam
Nabi-Farm (52 %), Foji Jamali-Farm (50 %),
Ali Raza Junejo-Farm (44 %), Shaman Ali
Junejo-Farm (42 %) and Sultan Ali JunejoFarm (40 %) (Fig. 6). Whereas significantly
lower disease incidence was recorded at
Kakar (20 %) followed by Dawod JamalFarm (28 %), Village Dur Muhammad and
Village Khanpur (34 %) (Fig. 6).
Severity of chili leaf curl disease in
different regions of Sindh
There was remarkable variation among leaf
curl severity score in chili recorded at
different locations of Hyderabad. Maximum
disease severity 2-score was recorded at
fields located nearby Baldiya town,
Muhammad Ali Magsi-Farm, Hyderabd New
City and Badin road (Fig. 7). Whereas,
severity 1-score was recorded at other
remaining fields Such as, Abdul Razaque-

Farm, Allam Khan-Farm, Nazir Khan MagsiFarm, Village Budau Sail-1, Village Narija
and Budau Sail-2 of district Hyderabad (Fig.
7). In district Tando Allahyar, maximum
disease severity 2-score was recorded at
Rashdi Farm-1, Haseeb-Farm, Kohli Village
and Nawab Kohli-Farm (Fig. 8). Minimum
severity 1-score was recorded at Shabeer
Shah Rashdi-Farm, Rashdi Farm-2, Village
Peer Kathi, Bashir Magsi-Farm, Khuwaja
stop and Zafarullah-Farm locations of Tando
Allahyar districts (Fig. 8). Seven fields
namely Dolat Kohli-Farm, Village Dudo,
Village Khumbri, Abdul Jabbar KhaskheliFarm, Village Machi Goth, Abdul Hameed
Solangi-Farm and Hamidullah Solangi-Farm
at district Mirpur Khas were surveyed to
record the severity of chili leaf curl disease,
all the fields showed severity 1-score (Fig.
9). Maximum severity 2-score was recorded
at Village Nawab Chohan, Allah Warayo
Chohan, Lal Bux-Farm and Near Kotri
Junction fields of district Jamshoro (Fig. 10).
Whereas, fields located at Village Sikandar
Chohan and Saleem Khoso-Farm of district
Jamshoro showed severity under 1-score
(Fig. 10). In district Larkana the severity of
chili leaf curl disease was surveyed at fields
of Village Hassan Wahan, Liaquat Ali
Merani-Farm, Fahad Ali Junejo-Farm,
Village Traghar, Mukhtair Unar-Farm,
Banguldaro, Irfan Ali Soomro-Farm,
Naodaro, Ali Bhutto-2, the severity 1-score
was Recorded at all the surveyed fields (Fig.
11). Similarly, severity 1-score was recorded
at Village Dur Muhammad, Shaman Ali
Junejo-Farm, Village Khanpur, Sultan Ali
Junejo-Farm, Ali Raza Junejo-Farm, Kakar,
Ghulam Nabi-Farm, Foji Jamali-Farm,
Dawod Jamali-Farm and Hassan JunejoFarm fields of district Dadu (Fig. 12).
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Figure 1. The incidence of chili leaf curl disease at different locations of district Hyderabad

Figure 2. The incidence of chili leaf curl disease at different locations of district Tando
Allahyar

Figure 3. The incidence of chili leaf curl disease at different locations of district Mirpur Khas
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Figure 4. The incidence of chili leaf curl disease at different locations of district Jamshoro

Figure 5. The incidence of chili leaf curl disease at different locations of district Larkana

Figure 6. The incidence of chili leaf curl disease at different locations of district Dadu
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Figure 7. The severity of chili leaf curl disease at different locations of district Hyderabad

Figure 8. The severity of chili leaf curl disease at different locations of district Tando
Allahyar

Figure 9. The severity of chili leaf curl disease at different locations of district Mirpur Khas
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Figure 10. The severity of chili leaf curl disease at different locations of district Jamshoro

Figure 11. The severity of chili leaf curl disease at different locations of district Larkana

Figure 12. The severity of chili leaf curl disease at different locations of district Dadu
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incidence but non-significantly (r2= 0.5774,
P= 0.1511) correlated with the disease
severity (Table 1). The disease incidence and
relative humidity showed significant
negative relationship (r2= -0.8073, P=
0.0218) (Table 1). There was non-significant
negative relationship of the disease severity
with relative humidity (r2= -0.5774, P=
0.1511) and rainfall (r2= -0.3515, P= 0.3894)
(Table 1). Whereas rainfall was also
negatively non-significant correlated with the
disease incidence (r2= -0.2953, P= 0.3894)
(Table 1).

Relationship of chili leaf curl disease
intensity and environmental factors
Relationship of chili leaf curl disease
intensity with environmental factors such as
minimum and maximum temperature (℃),
relative humidity (%) and rainfall was
determined. The minimum temperature
showed significant relation (r2= 0.7229, P=
0.0458) with the disease incidence (%),
where as it was non-significantly (r2= 0.4124,
P= 0.2992) related with the disease severity
(Table 1). Similarly, the maximum
temperature was significantly (r2= 0.8073,
P= 0.0218) correlated with the disease

Table 1. Relationships of chili leaf curl disease with environmental factors
Disease
parameters
Disease
incidence (%)
Disease severity

Minimum
Temperature (℃)
r2= 0.7229*
P= 0.0458
r2= 0.4124 ns
P= 0.2992

Environmental factors
Maximum
Relative humidity
(%)
Temperature (℃)
r2= 0.8073*
r2= -0.8073*
P= 0.0218
P= 0.0218
r2= 0.5774 ns
r2= -0.5774 ns
P= 0.1511
P= 0.1511

Rainfall
r2= -0.2953ns
P= 0.4618
r2= -0.3515 ns
P= 0.3894

surveyed districts. There was remarkable
variation among leaf curl severity score in chili
recorded at different surveyed districts such as
Hyderabad, Tando Allahyar, Mirpur Khas,
Jamshoro, Larkana and Dadu. Severity of the
disease was ranging between 1 to 2-score.
However, there was unique severity (1-score) at
different fields surveyed in district Mirpur Khas,
Larkana and Dadu. Relationship of chili leaf curl
disease intensity with environmental factors such
as minimum and maximum temperature (℃),
relative humidity (%) and rainfall was
determined. The minimum and maximum
temperature showed significant relation with the
disease incidence (%) but there was nonsignificantly related with the disease severity.
The disease incidence and relative humidity
showed significant negative relationship. There
was non-significant negative relationship of the
disease severity with relative humidity and
rainfall. Whereas rainfall was also negatively
non-significantly correlated with the disease
incidence.
Leaf curl or yellowing symptoms, typical of those
caused by begomovirus infection, are commonly

Discussion
This study was conducted to determine spatial
distribution of chili leaf curl disease and its vector
in southern irrigated plain zone of Pakistan. The
disease was recorded in term of incidence and
severity based on biological symptoms in
different districts viz., Larkana, Dadu,
Mirpurkhas, Tando Allahyar, Hyderabad and
Jamshoro. Vector population was also scouted.
Additionaly impact of environmental factors on
the disease development was analysis. There was
significant variation among the disease incidence
recorded at Hyderabad (df= 9, F= 13.5, P=
0.0000), Tando Allahyar (df= 9, F= 1.79, P=
0.1037), Mirpur Khas (df= 6, F= 1.74, P=
0.1555), Jamshoro (df= 5, F= 3.81, P= 0.0138),
Larkana (df= 8, F= 9.99, P= 0.0000) and Dadu
(df=9, F=3.93, 0.0015). Chili leaf curl disease
was ranging 72-100, 78-96, 72-92, 86 to 100, 86100, 20-76 and 20-58 % in fields surveyed at
Hyderabad, Tando Allahyar, Mirpur Khas
Jamshoro, Larkana and Dadu, respectively.
Generally all the fields were attacked by the
disease but district Larkana and Dadu showed
lower incidence as compare to remaining
2551
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observed in chili and tomato plantings in Pakistan
[16]. Chili leaf curl virus associated with different
betasatellites has also been reported to infect
important vegetables including chili, tomato, and
potato in India and Pakistan [17]. The disease is
reported with 100% incidence and severe yield
losses in Punjab, Pakistan [18]. Ahmad [19] also
reviewed that over last few years ChiLCD is
occurring with high incidence. He suggested that
monitoring vector population during growing
season and its relation to the occurrence of the
disease is important to effectively manage the
disease either without the use of pesticides or
minimal use of pesticides. Chili leaf curl virus is
very common and infect to entire plants in the
field with variable symptoms. It has been
observed to cause high disease incidence with
showing the symptoms of leaf curling, puckering
and reduced size of leaves, closely set internodes
and dwarfing of plants. These symptoms produce
witch broom appearance and causes to failure of
fruits setting. The fruit sets usually small and
deformed [20, 21]. Abaxial curling of the leaves
accompanied by puckering, thickening and
swelling of the veins were observed by Mishra
and Singh [22]. The maximum leaf curl disease
was observed in 19th standard week when the
whitefly population was highest in the field. The
increase or decrease of ChiLCD was found
directly correlated with vector population and
vector population was determined by
environmental factors [21]. Appearance of most
prominent symptoms such as vein clearing
followed by veinal distortion, swelling of veins
and vein lets on dorsal side were reported by
Muniyappa and Veeresh [23]. However,
Similarly, Aulakh [24] showed incidence of chili
leaf curl disease was significantly correlated with
temperature and relative humidity and nonsignificant with rainfall.
Conclusion
This survey based study is showing that chili leaf
curling disease is prevailing throughout the
region. Incidence of the disease was higher at
most locations but maximum severity 2-score
was observed, which indicates 6 to 25 % of plants
were showing curling, clearing of leaves and
swelling of veins. Minimum and maximum
temperature were important epidemiological
components for the spread and development of
the disease. Relative humidity (%) showed

negative relationship with incidence of the
disease.
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