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ABSTRACT 
Background Chili being the economically important crop is cultivated on a 
large area of Pakistan. Chili leaf curl virus that is transmitted by whitefly is 
one of the main limiting factors which affect the quality and quantity of the 
chili produce. As no viricide is available, different insecticides are used 
against whitefly for indirect management of the leaf curl virus in chili. Since 
these insecticides not only harm the environment but also increase resistance 
in the insects, different nutrient solutions were tested for the management of 
leaf curl virus and its vector.  
Methodology In order to manage the whitefly infestation and incidence of leaf 
curl virus, chili plants were treated with naphthalene acetic acid, NPK 
solution, zinc solution and humic acid. The treated plants were observed on 
the basis of symptomology and whitefly population were counted from upper, 
middle and lower leaves of three plants in each row.  
Results Reduction in disease incidence and vector population were recorded 
in treated plants. Naphthalene acetic acid gave best results in minimizing leaf 
curl virus disease incidence and whitefly population as compared to untreated 
plants followed by NPK solution, humic acid and zinc solution, respectively 
in descending order. 
Conclusion Although, all the applied treatments contributed towards the 
disease management and reduction in whitefly population infestation but 
naphthalene acetic acid was proved best among all treatments. 
 
 

INTRODUCTION 
 
Chili pepper (Capsicum annuum L.) is the most 
important spice crop that is cultivated throughout the 
world (Orobiyi et al. 2013). It has pleasant aromatic 
flavor, sourness, color substance and rich in vitamin 
A, B, C, oleoresin and red pigment (Meghvansi et al. 
2010). Its world production is 31.13 million tons 
(FAO, 2015). In Pakistan, chili is grown on an area of 
62.9 thousand hectares with the production of 146.2 
thousand tons (Economic Survey of Pakistan 2015). 
Viral diseases are the major limiting factor in chili 
production worldwide (Yadav and Chattopadhyay 
2011). Among these leaf curl disease of chili is more 

prevalent in many countries (Khan et al. 2006). It is 
caused by chili leaf curl virus (ChiLCV) that is the 
most devastating begomovirus (Senanayake 2007). 
ChiLCV disease can be characterized as vein clearing 
on young leaves at the early stages of infection, 
upward or downward curling of young and old leaves 
and stunting in most cases. Curling of fruits and 
scraping of epidermis could be seen in mature plants 
(Meena et al. 2014). ChiLCV is transmitted by 
whitefly, Bemisiatabaci (Genn.) in a circulative 
manner (Senanayake et al. 2012). 

Many factors affect the whitefly population such 
as climate (temperature, rainfall and relative 
humidity), natural enemies, surrounding area and host
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plants (Khanzada et al. 2016). 
ChiLCV is managed indirectly by using different 

insecticides against whitefly vector as the virus 
transmission is mediated by insect vector, the 
reduction in whitefly population will ultimately 
decrease the ChiLCV disease incidence. However, 
long term use of insecticides creates serious 
environmental issues along with development of 
resistance in the insects (Sarwar and Salman 2016). 
Adequate plant nutrition can provide an important 
strategy against different insects-pests. Nutrient 
management improves the plant health which enables 
the plant to tolerate the incidence and herbivory of 
sucking as well as of chewing insect-pests (Gogi et al. 
2012).The present study was planned to check the 
effect of different nutrients on the disease incidence 
and whitefly population using chili as test crop. 
 
MATERIALS AND METHODS 
 
Experimental site 
The experiment was conducted at experimental 
research area in the Department of Plant Pathology, 
University of Agriculture, Faisalabad, Pakistan. All 
agronomic practices were opted to keep the crop in 
good condition.  
 
Germplasm and experimental design 
For evaluating different treatments against ChiLCV 
and whitefly vector, nine moderately resistant to 
moderately susceptible varieties/advanced lines 
(Sanam, Chili 0027, Chili 0013, NARC 4, Ghotki, 
PBC 385, PBC 534, Chili 007 and Swat local) were 
sown in the field. The germplasm was collected from 
Ayub Agricultural Research Institute (AARI), 
Faisalabad, Pakistan. All these varieties/advanced 
lines were sown in three replications using randomized 
complete block design (RCBD). There were 20 plants 
in each row with 60 cm row to row and 45 cm plant to 
plant distance. One row of each entry was sown for 
every treatment separately in all replicates. 
 
Treatments description 
Five treatments including one control were used 
against ChiLCV disease incidence and whitefly 
population. The treatments detail was given in Table 1. 
 
Table 1 The complete detail of treatments and their 
recommended doses 

CN AI RD Manufacturer 
Plano fix NAA 2.5 mL L-1 Ali Akbar 
Fashion NPK solution 5.0 mL L-1 Ali Akbar 
Humus Gold HA 40.0 mL L-1 Greenish 

chemicals Greenish Zinc Zinc solution 10.0 mL L-1 
Control Untreated 

CN: Commercial name, AI: Active ingredient, RD: Recommended 
dose, HA: Humic acid 

Data recording 
Disease incidence (DI): The disease incidence was 
calculated by using the following formula: 
 

DI (%) =
Number of infected plants per row 

Total number of plants per row × 100 

 
Whitefly data collection 
Whitefly population data was recorded by randomly 
selecting three plants from each row. The insect 
population from upper, middle and lower leaves of the 
plants was estimated and average was calculated on 
weekly basis. 
 
Data analysis 
The effect of all the treatments on chili leaf curl virus 
disease and whitefly was statistically analyzed through 
statistics 8.1 software. All treatments were compared 
to each other and with control by least significant 
difference (LSD) test at 5% level of probability (Steel 
et al. 1997). 
 
RESULTS  
 
The chili plants were examined weekly and leaf curl 
infection was recorded on the basis of symptoms. 
Infected plants showed downward rolling and 
crinkling of the leaves, chlorosis of newly formed 
leaves. In case of severe curling, leaves were narrowed, 
twisted and stunted growth with bushy appearance.  

Leaf curl disease incidence varied in plants 
treated with different nutrient solutions. There was a 
significant reduction in disease incidence due to 
different treatments as compared to control in all the 
varieties/lines. Minimum disease incidence (9.04%) 
was recorded due to naphthalene acetic acid (NAA) as 
compared to control in all the entries followed by NPK 
solution, humic acid and zinc solution, respectively in 
descending order (Table 2). Maximum mean disease 
incidence was observed in control (51.36%). When the 
effect of four treatments and control was compared in 
different varieties/lines, maximum mean disease 
incidence percentage was found in Ghotki (22.04%) 
and minimum in Chili 0027 (18.12%). 

Mean disease incidence percentage was different 
with number of sprays. After first spray mean disease 
incidence was 18.74% which gradually decreased with 
succeeding sprays in all the varieties/lines (Table 3). 
After 5th spray mean disease incidence was 6.53%. 
Whitefly infestation varied in different varieties/lines 
treated with NAA and nutrient solutions (Table 4). 
Minimum mean whitefly population was recorded   
(3.58) in all varieties/lines treated with NAA over 
control followed by NPK solution, humic acid and 
zinc solution, respectively (Table 2). Maximum mean 
whitefly population was recorded in control (6.29).
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Table 2 Effect of nutrients on disease incidence in different varieties/lines of chili  
Nutrients Sanam Chili 

0027 
Chili 
0013 

Chili 
007 

Swat 
local 

PBC 385 PBC 534 NARC 4 Ghotki Mean 

NAA* 8.06op 12.67i-l 4.00 q 6.00 pq 8.67 nop 11.33 k-n 9.33 mno 8.00 op 13.36h-jk 9.04 
NPK 15.33ghi 8.66 nop 16.0 fgh 14.66g-j 10.0l-o 14.00 g-k 12.69 i-l 12.25i-l 12.00 j-m 12.88 
HA 10.0mno 12.6 i-l 7.33 op 16.00fgh 11.33k-n 11.33 k-n 20.00cd 16.97efg 16.00fgh 13.47 
Zinc 21.33bcd 7.33 op 14.66g-j 12.66i-l 23.33b 12.00j-m 12.66i-l 13.38h-k 16.72efg 14.88 
Control 50.00a 49.33de 52.66bc 54.54g-j 58.31def 53.28 h-k 48.00a 44.0g-k 52.15bc 51.36 
Mean 20.94 18.12 18.93 20.74 22.33 20.39 20.54 18.93 22.04  

Means sharing similar letters don’t differ at P≤0.05 * NAA: Naphthalene acetic acid, HA: Humic acid 
 
Table 3 Effect of number of sprays on overall disease incidence in chili 

Number of spray NAA NPK Humic acid Zinc Control Mean 
1 14.85 f 17.77 d 17.85 d 22.18 c 41.13 a 18.74 
2 11.14 g 15.53 ef 17.4 ode 17.2 de 37.18 e 15.32 
3 7.77 ijk 14.48 f 15.61 f 15.74 f 39.37 c 13.42 
4 6.29 kl 9.63 ghi 10.13 gh 11.74 gh 38.46 d 9.45 
5 5.18 l 7.03 jkl 8.06 jkl 5.86 hij 40.74 b 6.53 

Means sharing similar letters don’t differ at P≤0.05 * NAA=Naphthalene acetic acid 
 
Table 4 Effect of nutrients on whitefly population in different varieties/lines of chili  

Nutrients Sanam Chili 
0027 

Chili 
0013 

Chili 
007 

Swat 
local 

PBC 385 PBC 534 NARC 4 Ghotki Mean 

NAA* 3.97op 2.73i-l 2.89 q 3.61 pq 4.22 nop 3.85 k-n 3.93 mno 2.86 op 4.17 h-k 3.58 
NPK 5.15 ghi 3.84 nop 4.02 fgh 5.06 g-j 5.18 -o 4.95 g-k 5.03i-l 3.98 i-l 5.16 j-m 4.71 
HA 4.97 mno 3.72i-l 3.98 op 4.84 fgh 5.06 k-n 4.91 k-n 4.96 cd 3.89 efg 5.01 fgh 4.59 
Zinc 4.11 bcd 3.25 op 3.43 g-j 4.04 i-l 4.28 b 3.95 j-m 3.99 i-l 3.36h-k 4.22 efg 3.85 
Control 6.85 a 5.34 de 5.41 bc 6.59 g-j 7.05 def 6.37  h-k 6.53 a 5.52 gk 7.01 bc 6.29 
Mean 5.01 3.78 3.95 4.83 5.16 4.81 4.89 3.92 5.11  

Means sharing similar letters don’t differ at P≤0.05 * NAA: Naphthalene acetic acid, HA: Humic acid 
 

Table 5 Effect of number of sprays on whitefly population in chili  
Number of spray NAA* NPK Humic acid Zinc Control Mean 
1 4.03 e 5.00 c 5.00 c 5.03 c 6.33 a 5.21 
2 3.18 hi 3.74 ef 3.74 ef 3.85 ef 4.44 p 3.76 
3 2.37 k 2.85 ij 2.85 ij 2.5 1j 3.48 gh 2.73 
4 1.22 p 2.00 lm 2.00 lm 1.88 lmn 3.00 i 1.95 
5 1.74 mno 1.62 no 1.62 no 1.85 lm 2.18 kl 1.75 
Mean 2.50 3.04 3.04 3.02 3.88  

Means sharing similar letters don’t differ at P≤0.05 * NAA=Naphthalene acetic acid 
 
When the effect of four treatments and control was 
compared in different varieties/lines, maximum mean 
whitefly population was observed in Swat local (5.16) 
and minimum in Chili 0027 (3.78). NAA was the most 
effective in reducing whitefly population in all the 
varieties/lines followed by zinc, NPK and humic acid, 
respectively. Similarly, whitefly population decreased 
with each spray with maximum population was 5.21 
after first spray which reduced to1.75 after 5th spray.  
 
DISCUSSION  
 
Viral diseases are affected by the genomic alterations 

in virion as well as the nutritional status and immune 
system of the host. The life cycle of the virus can be 
interrupted at any stage by the immune response of the 
host (Knipe 1990). Malnutrition increases the 
susceptibility of host to infectious diseases because it 
decreases immunity (Beck et al. 2003).  

In the present study, naphthalene acetic acid 
(NAA) gave best result against whitefly population 
and ChiLCV disease incidence. Outcomes of the 
present study were supported by the work of Sujay et 
al. (2010) who used naphthalene acetic acid along with 
other treatments against sucking pests of chili, and 
observed significant reduction in the population of 
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target pests and subsequent decrease in the incidence 
of respective viral diseases. Bio-regulators such as 
naphthalene acetic acid regulates the activities of 
antioxidants under stress conditions (El-Gaied et al. 
2013).  

Application of NPK solution enabled the chili 
plants to withstand the attack of whitefly and leaf curl 
virus. This was the second most effective strategy for 
the management of above mentioned menaces among 
the applied treatments. The reduction in disease 
incidence by NPK application might be attributed to 
nutrition-induced resistance in plants against insect-
pests (Abro et al. 2004). Nutrient deficient plants are 
normally weak and vulnerable for the attack of insect-
pest and disease incidence (Marschner 1995; Huber 
and Thompson 2007). However, the application of 
nutrients should be balanced as low nitrogen contents 
in the plants enhanced the resistance of plants against 
pests, but high nitrogen contents caused vigorous 
vegetative growth, enhanced succulence with the 
subsequent decrease in resistance of plants against 
pests (Huber and Thompson 2007).  

Humic acid was also proved effective for the 
indirect management of ChiLCV disease and whitefly. 
Humic acid improved the nutrient uptake and 
hormonal effects in the plants (Nikbakht et al. 2008). It 
stimulated plant growth by increasing plant height, dry 
weight, fresh weight as well as enhanced the nutrient 
uptake (Lee and Bartlett 1976). Chatterjee et al. (2013) 
concluded that application of humic acid based 
vermin-compost significantly reduced the whitefly 
infestation in tomato. The mechanism of decreasing 
pest attack was due to the balanced availability of 
nutrients to the plants (Partiquin et al. 1995). Among 
the applied treatments, zinc exhibited significant 
results in controlling ChiLCV disease and its vector as 
compared to control. As zinc along with other trace 
elements affected the immune system of plants by 
stimulating antioxidants. Its deficiency influenced the 
susceptibility of plants against viral infections. 
Moreover, trace elements showed antiviral activity by 
inhibiting virus replication in the host cells 
(Chaturvedi et al. 2004). 

 
CONCLUSION 
 
Application of mineral nutrients and growth regulators 
is an economical and environmentally safe approach 
for the management of ChiLCV disease and whitefly. 
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