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Introduction

Cotton (Gossypium hirsutum L.) is one of the most 
valuable crops; contributing an important role 

in the economy of Pakistan. In cotton production, 
Pakistan is ranked at 4th position while, 3rd as an 
exporter of raw cotton, worldwide. During 2015, the 
total production of cotton was 12.01 million bales in 
our country (Pakistan Economic Survey, 2015-16). 

There are many constraints in a lower yield of cotton 
and among insect pests, fruit-eating Lepidopterous 
are the major pests worldwide, with the noctuid 
American bollworm, Helicoverpa armigera (Hub.) 
being the most noxious one (Nibouche et al., 2007). 
The early instar larvae of this pest feed on leaves, 
squares, and flowers of cotton, whereas later instars 
damage the green cotton bolls (Noor-ul-Ane et al., 
2015).
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Farmers mostly rely on synthetic insecticides to control 
the bollworms in the cotton crop. In an attempt to 
avoid the problems caused by insecticides application 
in agriculture, some alternative pest control methods 
have been studied in integrated pest management 
(IPM) program. Host plant resistance is an important 
element in modern agriculture (Stout, 2007). The 
cultivation of resistant plant varieties has ecological 
benefits in term of reducing the number of insecticide 
applications and for survival of natural enemies in the 
field (Boica-Junior et al., 2015). Transgenic cotton 
cultivars are very important element in IPM (Fitt et 
al., 2000) having benefits of effective management 
of targeted pests, cost-effectiveness, higher yield and 
better biological management (Edge et al., 2001). The 
quantity and quality of food matters in the performance 
of all organisms. Environmental variation is a likely 
factor that may cause droughts at higher intensity 
(Feng et al., 2013; Spinoni et al., 2014). The period of 
drought may alter the physiological, morphological, 
and plant’s biochemical characteristics, which 
alternatively may affect the response of herbivores to 
host availability (Chaves et al., 2003).

Water deficit stress alters the plant metabolism (Beck 
et al., 2007), and physiological processes being factors 
affecting the herbivores to host plant preferences, and 
their growth and development (Showler, 2012). Due 
to alterations in plants’ traits, insect growth and their 
preference to suitable host may affect (Huberty and 
Denno, 2004; Hale et al., 2005; Gutbrodt et al., 2011; 
Gutbrodt et al., 2012; Oliveira et al., 2014). Previously 
researchers have reported different aspects about the 
impact of water-stressed plants on the survival and 
host selectivity of lepidopterous; showing favorable 
response (Gutbrodt et al., 2011), no response (Estiarte 
et al., 1994) and unfavorable response to the insect 
(Lambert and Heatherly, 1995; Inbar et al., 2001).

Thereby, the changes in the water status of the 
host plants due to water stress can also affect the 
performance and ability of H. armigera to feed on 
cotton plants. In the present study, we sought to 
investigate the performance of H. armigera on water-
stressed plants with different cotton genotypes. Our 
experimental setup comprised of two water regimes: 
high or well-watered and low-watered or stressed 
plants and cotton genotypes: transgenic and non-
transgenic. We analyzed the leaf injury and feeding 
indices parameters of H. armigera on different cotton 
genotypes with different water status. 

Materials and Methods

The bioassay was conducted in the Laboratory of 
Entomology, College of Agriculture, University of 
Sargodha, Pakistan.

Cotton plants
Two transgenic cotton genotypes: CIM-602, CIM-
599, and one non-transgenic CIM-554 were sown 
in the research area (32°07’51.3”N 72°41’36.2”E) 
of University. Hand dibbling method was used for 
sowing of seeds with 2.5ft row-to-row distance and 
plant-to-plant distance was kept 6-8 inches with 
total ridge length of 78ft for each. During planting, 
commercial fertilizer 2-1-1 (N:P:K) was applied at 
5-7g/plant and when the plants were 10-days old, 
20ml nitrogen dilution prepared with 20g urea per 
liter of water was applied at weekly interval. A regular 
irrigation regime was applied to plants until use in the 
experiment. Irrigation was controlled for plants for 
different water status; high-watered and low-watered.

Insect
Third and fourth instars of H. armigera larvae were 
collected from a cotton field located at Central 
Cotton Research Institute Multan (30°08’55.8”N 
71°26’21.6”E) and reared in the Entomology 
laboratory at controlled conditions (25±2°C 
temperature with 80±5% relative humidity). The 
larval culture was reared in 100-ml plastic transparent 
pots; kept 1 larva per pot due to cannibalistic behavior 
of bollworms. The young larvae were fed with cotton 
leaves and replaced daily. However, at later instars, 
buds and soft bolls were also provided. The pupae 
were transferred to 500ml plastic transparent pots. 
The adults were transferred to glass cages (30cm x 
30cm x 30cm) with 10-15 couples per cage and were 
fed 10% honey/water solution (wt/vol). The white 
paper was lined in cages for oviposition and the eggs 
were collected daily.
 
Water status
Till the flowering stage of crop, the moisture level 
for all three cotton genotypes was kept constant. Ten 
days before performing the bioassay in the laboratory, 
the plants were allotted to the treatments at different 
level of water. The soil moisture level was determined 
with tensiometers (Hangzhou Mindfull Technology 
Co., Ltd, China). For low-watered plants, the soil 
moisture level was maintained at around 0.4–0.5 
PSI. For high-watered plants, water potential was 
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maintained at 0.8–0.10 PSI and there was no evidence 
of leaf wilting.
 
Bioassay 
The performance of H. armigera was assessed by 
feeding the larvae on leaves collected from cotton 
plants having different moisture level. On daily basis, 
the leaves from both water-stressed and high-watered 
plants from each genotype were collected and kept 
transferred in ice boxes to Entomology laboratory. 
Disk-size leaves were cut and placed in Petri plates 
and 1 larva of third instar with almost same size 
were released in each plate. Each treatment was 
replicated thrice and 10 larvae were tested in each 
replication. Leaf area before and after larval feeding 
was measured using leaf area meter (LI-COR model 
LI-3000, Lincoln, NE, USA). The weight of both 
leaf and larvae was recorded by high precision weight 
balance. Data were recorded at 24, 48 and 72 hours 
and the equations of growth indices parameters were 
derived as suggested by Waldbauer (1968).

Relative Consumption Rate (RCR)

Where; 
I is the dry weight of food consumed; T is the duration 
of the feeding period (days) and B is the insect dry 
weight gain.

Relative Growth Rate (RGR)

Where, 
ΔB = change in body weight of insect (mg); BI = 
initial larval weight and T = feeding period (days).

Leaf Injury (LI)
Leaf injury was expressed as the total consumption of 
leaf area and was calculated by the following formula:

Statistical analysis
Data for feeding indices parameters were tested for 
normality and were log transformed prior to analysis. 

However, the untransformed means are given in the 
figures. Data were analyzed by two-factor factorial 
ANOVA by keeping cotton genotypes and water 
status as main factors and means were separated by 
the least significant difference test at 5% probability 
level. All the analyses were performed using Minitab 
17.0 software. 

Results and Discussion

The results showed that the relative growth rate of 
H. armigera was not significantly (F2, 53 = 0.74, P < 
0.001) affected feeding on different cotton genotypes. 
Similarly, the different water status had no significant 
(F1, 53 = 0.43, P > 0.05) effect on the growth rate of 
H. armigera. For relative consumption rate of H. 
armigera, the cotton genotypes had significant (F2, 

53 = 42.23, P < 0.001) effect. Leaf injury caused by 
H. armigera feeding was significantly (F2, 53 = 92.23, 
P < 0.001) different on cotton genotypes, and also 
with different water status of plants (F1, 53 = 124.4, 
P > 0.001). The relative growth rate of H. armigera 
was higher (1.65 mg/mg/day) feeding on non-Bt 
CIM-554 followed by 1.45mg/mg/day on Bt CIM-
602 and 1.14 mg/mg/day on Bt CIM-599 when the 
water status was high. The growth rate of H. armigera 
was lower feeding on low watered or stressed leaves 
compared to high watered. The maximum growth 
rate was 1.39 mg/mg/day on non-Bt CIM-554 and 
the minimum was 0.97 mg/mg/day on Bt CIM-599 
(Figure 1). Similar findings were found in case of 
relative consumption rate of H. armigera. The highest 
consumption rate was found on no-Bt CIM-554 
(15.4 mg/mg/ day) on high-watered leaves and 14.4 
mg/mg/day on low-watered leaves. However, the 
lowest consumption rate was found on Bt CIM-599; 
9.88mg/mg/day on high-watered leaves and 8.2mg/
mg/day on low-watered leaves (Figure 2). The leaf 
injury caused by H. armigera was found high (38.5 
cm2) on non-Bt CIM-554 at high-watered leaves and 
30.5cm2 at low-watered leaves. The leaf injury was low 
on transgenic genotypes compared to non-transgenic. 
However, the lowest injury of 14.5cm2 was found on 
Bt CIM-599 at high-watered leaves and 10.4cm2 at 
low-water leaves (Figure 3).

The results showed that H. armigera preferred non-
Bt CIM-554 more than transgenic genotypes. The 
leaf injury and growth parameters of H.armigera were 
found higher feeding on non-trangenic genotype. 
Our findings are in accordance with Chitkowski et 
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al. (2003) and Prasad et al. (2009) who stated the 
highest damage level on non-transgenic cultivars due 
to the feeding of H. armigera. The growth parameters 
of H. armigera were high feeding on non-transgenic 
genotype; indicated the more preference compared to 
transgenic cultivars.

Figure 1: Relative growth rate (means±SE) of Helicoverpa armigera 
feeding on cotton plants with different moisture levels, means sharing 
similar letters for each water stress level are not significantly different 
at P > 0.05.

Figure 2: Relative consumption rate (means±SE) of Helicoverpa 
armigera feeding on cotton plants with different moisture levels, 
means sharing similar letters for each water stress level are not 
significantly different at P > 0.05

Environmental conditions may alter the plant 
development, affecting plant resistance to insect 
pests (Smith, 2005). Several environmental changes, 
especially through flood or drought, can significantly 
alter the temperature, soil conditions, or even both. 
These climatic changes disturb the growth and 
metabolic process of plants, which ultimately affect 
the resistance level in plants toward biotic and abiotic 
stress (Smith, 2005). Further, the physio-chemical 
changes in water-stressed plants may directly inhibit 
the growth and development insects (Mattson and 
Haack, 1991). The present study showed maximum leaf 
injury on low-watered or stressed leaves compared to 
high-watered. The level of consumption in bollworm’s 
larvae is important, therefore the leaf injury plays a 
major role in the performance and development of 
larvae. The water-stressed leaves of different cotton 
genotypes affected the consumption rate of H. 
armigera larvae. The growth of H. armigera was low 
on low-watered leaves including the consumption 
rate and relative growth rate. Our findings are also 
supported by Inbar et al. (2001) who stated reduced 
weight gain by H. zea larvae when they fed upon 
water-stressed leaves of tomato. However, species 
with different level of host specialization can show 
a variable response to consumption of water stress 
plants. According to Gutbrodt et al. (2011), water-
stressed leaves of Alliaria petiolata (Bieb.) reduced the 
consumption rate of Pieris brassicae (L.) larvae while 
the polyphagous Spodoptera littoralis showed increased 
consumption on water-stressed leaves. Furthermore, 
both species consumed a large number of water-
stressed plants of Brassica oleracea L. (Gutbrodt et al., 
2012). Regarding preference of lepidopteran pests on 
water-stressed plants, Flint et al. (1994) stated that 
Pectinophora gossypiella (Saund.) damaged 32% more 
bolls on plants irrigated every two weeks compared to 
weekly irrigated plants.

The H. armigera larvae showed poor performance 
on water-stressed leaves might be due to lower 
availability of nitrogen availability or due to elevated 
allelochemicals (McMillin and Wagner, 1995; Inbar 
et al., 2001). Similarly, S. exigua (Hübner) larvae 
showed reduced growth when they reared on water-
stressed Solanum lycopersicum L. plants (English-
Loeb et al., 1997). The findings are more interesting 
and important subject to water-stressed plants shows 
variable responses to lepidopteran species. Therefore, 
the suitability and quality of host plants for insects 
may vary according to different rainfall levels and it 
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will be difficult to determine the pest status, especially 
in cotton crop, which is a host of many lepidopterous 
species.

Figure 3: Leaf injury (means±SE) caused by Helicoverpa armigera 
feeding on cotton plants with different moisture levels, means sharing 
similar letters for each water stress level are not significantly different 
at P > 0.05

A significant interaction was found between cotton 
genotypes and water status for H. armigera in our study. 
The non-transgenic genotype was preferred more by 
H. armigera compared to transgenic cotton on high-
watered plants. These findings are in similar to Mao et 
al. (2004), Grinnan et al. (2013) and Noor-ul-Ane et 
al. (2015). There is a dire need to identify the resistant/
tolerant cotton genotypes against abiotic stress (water 
stress) and biotic stress (herbivores) (Sinclair, 2011). 
Identification of resistant genotypes against both 
abiotic and biotic stress could be helpful for breeders 
to develop some new cultivars that could perform 
well in the future climate (Long and Ort, 2010).

Conclusions and Recommendatons

Our results showed that transgenic genotypes are 
resistant to H. armigera compared to non-transgenic 
and this pest caused more damage to high-watered 
plants. Further investigations should be conducted to 
better understand the insect-plant interactions under 
increased drought frequency in the field which might 
influence the pest status. Additionally, the drought 
conditions affect the pest status or not in the presence 
or absence of potential competitors.
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