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Abstract 
 

The study was designed to investigate the impact of water stress on varietal response to cotton cultivars, Helicoverpa armigera 

and its associated entomophagous insects [Chrysoperla carnea (Stephens) and Habrobracon hebetor (Say)] as well as the 

feasibility of different Integrated Pest Management (IPM) modules for management of H. armigera. For this purpose, five 

drought resistant cotton genotypes i.e., FH-941, FH-187, FH-4243, FH-1000 and FH-207 were sown under irrigated and 

drought conditions. Larval population of H. armigera was low on water stressed plants (0.32 larvae/plant) as compared to 

irrigated plants (0.45 larvae/plant). In contrast, H. armigea caused more damage to stressed plants (16.90%) than irrigated 

plants (14.58%). FH-4243 was evaluated as resistant genotypes on the basis of less percent damage by H. armigera for both 

irrigated and drought conditions with value of 13.24 and 09.59%, respectively. Population of C. carnea was statistically 

similar under both for irrigated (0.20 larvae/plant) and drought conditions (0.19 larvae/plant). Unlikely, low parasitism of H. 

armigera by H. hebetor was observed under drought (14.64%) than irrigated condition (20.79%). Treatment involving 

integration of Neemosal, C. carnea and H. hebetor demonstrated 0.09 larvae/plant and provided maximum control of H. 

armigera; whereas alone application of Neemosal proved least effective against H. armigera (0.32 larvae/plant). On the basis 

of cost benefit ratio (CBR), module-15 involving integrated implementation of Spinosad, Neemosal, C. carnea and H. hebetor 

explained highest yield (1639.52 kg/ha) and CBR (1: 6.15) and proved economical and effective IPM module. In conclusion, 

water stress condition had positive impact on H. armigera feeding-damage (bi-trophic interaction) but had negative impact on 

parasitism. Integration of bio-control agents, botanicals and reduced-risk insecticides would be more cost-effective than their 

alone or two-level integration. © 2015 Friends Science Publishers 
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Introduction 
 
Cotton (Gossypium hirsutum L.), a white gold is an 

important and valuable fiber crop due to its role in the 

economy of Pakistan. Cotton products contribute 11 percent 

to the GDP of the national economy (Naqvi and Nausheen, 

2008). It contributes 31 and 38% to the investment sector 

and employment respectively (Altaf, 2008). A large number 

of factors, including non judicious use of fertilizer, low 

yielding varieties, poor weed management and heavy insect 

pest attack have resulted into lower yield of cotton. A large 

number of insect pests (96) and mites attack on cotton crop 

(Hasnain et al., 2009). But the most important yield limiting 

insect is H. armigera, which is distributed throughout the 

world (EPPO, 2006) and found on a wide range of host 

plants including cotton, tomato (Lycopersicon esculentum), 

alfalfa (Medicago sativa) etc. due to its polyphagous nature 

(Deuter et al., 2000). The young larvae of H. armigera 

attack on squares and flowers of cotton. While, mature 

larvae feed on green mature cotton bolls causing them to 

drop off from the plant and the holes due to damage of H. 

armigera can be seen at the base of cotton bolls. 

Approximately, 30% yield losses due to damage of H. 

armigera have been recorded (Yazdanpanah et al., 2009). 

Importance of plant and insect interaction is 

established in relation to their role on ecology and 

functioning of ecosystems (Johnson, 2011). Therefore, a 

joint response between plant and insect towards climate 

change must be established (Walters, 2011). Climate change 

consequence will be a rise in mean temperature with range 

of 1.4 to 5.8°C by the end of coming century and increased 

drought frequency (IPCC, 2001). Drought is an abiotic 

stress which results due to insufficient rainfall for a long 

period of time in a particular area. This shortage of water 

may decrease soil moisture to extent that normal growth 

of plants is impeded (Akhtar and Nazir, 2012) resulting 

low crop production (Vincent et al., 2005). Various 

authors have hypothesized that increased drought linked 
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with climate warming could increase insect outbreak 

(Trumble and Butler, 2009; Karuppaiah and Sujayanad, 

2012), which in return could be synergistic to drastic impacts 

of drought on plants (Hale et al., 2005). Drought alters plant 

physiology, in particular nitrogen availability, and these 

changes encourage more herbivore damage on these plants. 

This hypothesis is termed as Plant Stress Hypothesis (White, 

1969). But, there is another conflicting theory, ‘Plant Vigor 

Hypothesis’ which postulates that insects prefer to feed on 

vigorously growing plants (Price, 1991) rather to feed on 

stressed plants as these plants have low nutritive content due 

to reduced water uptake (Daane and Williams, 2003). These 

clashing theories are real hurdle to the predict response of 

species in context to climate change. It is therefore, needed to 

establish environment under which accuracy of these 

theories towards their predictions can be increased and how 

different plant genotypes respond to pest and natural enemies 

(predators, parasitoids) under water stress. Moreover, 

identifying germplasm, those have resistance both for abiotic 

and biotic stress can serve breeders to develop new varieties 

that can be used as an adaptation to climate change 

(Manavalan et al., 2009). 

Resistant varieties, use of chemicals and biological 

control agents are strategies to control insect pests of many 

crops including cotton (Bull et al., 1979). Chemical control 

is the most widely used to keep cotton pests under economic 

thresholds. An indiscriminate use of chemicals caused a 

heavy outbreak of cotton bollworm (Ahmad et al., 1997). 

Helicoverpa armigera showed a high level of resistance to 

monocrotophos and low level of resistance to chlorpyrifos 

and profenophos were reported from Pakistan (Ahmad et 

al., 1995). Pesticides can cause resistance to chemicals and 

pest resurgence. They are also a source of environmental 

pollution and have adverse impact on non-target organisms 

like natural enemies (Rumpf et al., 1997). Heavy use of 

chemicals to control H. armigera has caused resistance 

development in this pest (Kranthi et al., 2002). These 

findings suggest an urgent need for the development of bio-

intensive Integrated Pest Management (IPM) to control 

notorious insect pests without harming the environment and 

human health. Implementation of control tactics in an 

integrated way gives an efficient control of H. armigera 

rather than individually (Tanweer and Rao, 1997). 

This study was carried out to investigate: 1) the impact 

of water stress on varietal response to H. armigera and 

entomophagous insects [predator (Chrysoperla carnea) and 

parasitoid (Habrobracon hebetor)] and 2) the feasibility of 

different integrated pest management modules for 

management of H. armigera.  

 

Materials and Methods 
 

Impact of Water Stress on Varietal Response to H. 

armigera and its Associated Natural Enemies 

 

Different drought tolerant cotton genotypes, i.e. FH-941, 

FH-187, FH-4243, FH-1000 and FH-207 (ARRI un-

published data), were sown to evaluate their resistant 

response to H. armigera and its associated entomophagous 

insects under irrigated and non-irrigated conditions. The 

experiment was laid out in factorial Randomized Complete 

Block Design (RCBD). Sowing of cotton was done on 15
th
 

of May, 2012 by bed planting method. Plot size for each 

genotype was 6 × 15 m
2
 where plat-to-plant and row-to-row 

distances of 75 cm were maintained. The beds were made 

with tractor mounted ridger and bed-furrow shaper. Sowing 

of delinted cotton seeds was done manually at field capcity 

condition with 2-3 seeds per hill. The beds were irrigated 3 

days after sowing to ensure the germination of un-soaked 

delinted cotton seeds. After this, the plots specified for no-

irrigation treatment (T2) did not receive irrigation except 

post sowing irrigation for normal plant distribution. 

However, the plots specified for application of routine 

irrigation (T1) were irrigated subsequently at fortnightly 

interval. The gaps, exhibiting failure of seed germination, 

were also filled by re-sowing of seeds manually to ensure 

required plant population. One month after germination, the 

plants population was thinned manually keeping required 

healthy plant population and discarding week plants from 

treatments. Scouting consisting of random visual inspection 

of 25 plants in each replication of each cotton genotypes 

was done on weekly basis. Routine weekly crop scouting 

was started from first week of July to last week of October 

to determine larval population of H. armigera, and C. 

carnea per plant as well as percent parasitism of H. 

armigera larvae by H. hebetor. For determining percent 

parasitism, larvae of H. armigera were collected from 

treatments, brought into IPM laboratory, Department of 

Entomology, University of Agriculture, Faisalabad, counted 

and placed in separate glass jars with cotton bolls as natural 

diet. The larvae killed by parasitoid or exhibiting the 

symptoms of parasitism (pupae of parasitoid on larval body) 

were counted and percent parasitism was calculated by the 

formula (1):  
 

   Number of parasitized larvae 

Percent parasitism=-------------------------------------×100     (1) 

 Total number of larvae collected  
 

For determining percent damage on cotton genotypes 

by H. armigera in irrigated and non-irrigated plots, 

randomly damaged and undamaged bolls and fruits from 

randomly selected 25 plants were visually counted weekly 

and then this data were transformed into average percent 

damage, which was calculated by the formula (2):  
 

            Damaged fruiting bodies 

Percentage Damage = --------------------------------- × 100   (2) 

      Total fruiting bodies 
 

The data regarding population of H. armigera, C. 

carnea, percent parasitism and percent damage were 

subjected to two way factorial analysis for determining 

difference in treatments and means of significant treatments 



 

Drought Impact on Insects and IPM Modules to Control Helicoveropa / Int. J. Agric. Biol., Vol. 17, No. 3, 2015 

 485 

were compared by Tukey's Honest Significant Difference 

(HSD) test at P<0.05. 

 

Integration of Various Control Methods for 

Management of H. armigera 
 

Integrated pest management modules were evaluated 

against cotton bollworm, H. armigera at two different 

locations i.e., a farmer's field near Postgraduate 

Agricultural Research Station (PARS), University of 

Agriculture Faisalabad and a farmer's field near Chack 

Jhumra, Faisalabad. This area is in the central mixed zone in 

the agro-ecological zones of Punjab. Faisalabad is situated 

at the rolling flat plane of the North East of the Punjab. This 

region is almost at the plain level, about 186.54 m above sea 

level. The longitude 73°, 74° while latitude 30-31.5°North. 

The average yearly rainfall is (400 mm) and it occurs 

around the months of July and August. Cotton, FH-4243 

(screened H. armigera resistant genotype), was sown on 15 

May, 2013 in a farmer's field near PARS and 17 May, 

2013 in the farmer's field at Chack Jhumra in a Randomize 

Complete Block Design (RCBD). There were three 

replications for each treatment. Plot size of each treatment 

was 9.1 m × 10.7 m in each locality, whereas row-to-row 

and plant-to-plant distance was maintained 0.85 m and 0.20 

m, respectively. Twenty five plants were randomly selected 

for H. armigera population from each treatment and yield 

was also calculated for each treatment. Dose of Spinosad, 

neem seed kernel extract (Neemosal), C. carnea and H. 

hebetor was 200 mL/ha, 1500 mL/ha, 150 cards/ha (25-30 

eggs/card), 100 capsules/ha (10 pupae/capsule), 

respectively. The number and detailed application of 

sprays/releases are mentioned in Table 1.  

The data were statistically analyzed for analysis of 

variance by SPSS software and means were compared with 

Tukey's HSD test at P<0.05. Cost Benefit Ratios (CBR) for 

each treatment was calculated as follows (Aurangzeb et al., 

2007; Zia, 2011):  

 

Results 
 

Impact of Water Stress on Varietal Response to H. 

armigera and its Associated Natural Enemies 

 

Larval population of H. armigera significantly varied 

among treatments (F=124.1, DF=1 and P<0.001) and 

genotypes (F=18.75, DF=4 and P<0.001) but the interaction 

between genotypes and treatment was not significant 

(F=1.14 DF=4 and P>0.05) larvae/plant. Minimum 

population of H. armigera was recorded on the genotype 

FH-4243 with value of 0.31 larvae/plant. While, FH-1000 

had maximum population of H. armigera (0.45 larvae/plant) 

which was statistically at par with FH-207 (0.41 

larvae/plant). The population of H. armigera was lower on 

cotton plants growing under drought conditions (0.32 

larvae/plant) as compared to the plants growing under 

irrigation (0.45 larvae/plant). Damage caused by H. 

armigera was significantly different (F= 247.09, DF= 1 and 

P<0.001) in treatments (irrigated vs drought) and among 

genotypes (F= 500.28, DF= 4 and P<0.001) but the 

interaction between genotype and treatment was significant 

(F= 130.18, DF= 4 and P<0.001) (Table 2). Maximum 

damage was recorded on genotype, FH-207, at a value of 

22.45%, which was followed by FH-1000 for both irrigated 

(18.73%) and drought (20.92%) conditions. Minimum 

damage was recorded in genotype, FH-4243, both under 

irrigated (13.24%) and drought (09.59%) conditions. The 

percentage damage of 17.04 and 14.50 was recorded on the 

genotypes FH-941 and FH-187, respectively under drought 

condition. Overall, high damage (17.63%) was recorded on 

plants growing under drought conditions as compared to 

those under irrigated conditions (13.85%). The damage 

irrespective to treatments was recorded with values of 

11.41, 12.97, 15.42, 19.08 and 19.83% on genotypes FH-

4243, FH-187, FH-941, FH-207, FH-1000, respectively 

(Table 2). 

C. carnea population was significantly (F=8.5, DF=4 

and P<0.001) different among the genotypes but not 

significant between the treatments (irrigated and drought) 

(F=2.01, DF=4 and P>0.05) and their interaction (F=0.63, 

DF=4 and P>0.05). Population of C. carnea was not 

significantly different between drought (0.19 larvae/plant) 

and irrigated (0.20 larvae/plant) condition. Population of C. 

carnea was recorded maximum on genotypes FH-207 and 

FH-1000 with same values of 0.22 larvae/plant, which were 

not statistically significant with genotypes FH-941 (0.19 

larvae/plant) and FH-187 (0.19 larvae/plant). While, low 

population of C. carnea (0.15 larvae/plant) was observed on 

FH-4243. Analysis of variance showed that parasitism was 

highly significant for genotypes (F=27.19, DF=4 and 

P<0.001) and treatments (F=85.71, DF=4 and P<0.001) but 

not for the genotype x treatment interaction (F=1.05, DF=4 

and P>0.05). Parasitism was significantly reduced to the 

value of 14.64% on cotton genotypes cultivated under 

drought condition as compared to irrigated condition with 

20.79% (Table 2). Maximum parasitization of H. armigera 

by H. hebetor was recorded in genotype, FH- 207 with 

value of 22.17%, which was followed by FH-1000 

(19.92%), FH-941 (18.62%) and FH-187 (15.63%). In 

contrast, minimum parasitism (12.22%) was recorded on 

genotype, FH-4243. 

 

Evaluation of Integrated Pest Management Modules 

 

The population of H. armigera was significantly (F= 44.26, 

DF = 15 and P< 0.01) differed in different treatments used 

in this study (Table 3). Larval population of H. armigera 

was recorded at 0.25, 0.27, 0.30 and 0.32 per plant in T3, 

T1, T4 and T2, respectively. Maximum reduction in larval 

population of pest was recorded in T3 (C. carnea) over 

T1, T2 and T3, when control methods used singly. 

When C. carnea was combined with other control methods 
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it gave better control against H. armigera as compared with 

individual treatment. H. hebetor reduced population to 

0.09/plant in combination with Neemosal and C. carnea, 

which was followed by T13 (0.10/plant), T12 (0.14/plant), 

T10 (0.17/plant), T7 (0.22/plant) and T9 (0.19/plant) as 

compared to single application. Application of Neemosal 

reduced population of H. armigera with a value of 

0.32/plant over control (0.50/plant). When neem in 

combination of other control methods was used, the 

population of H. armigera was further reduced as compared 

Table 1: Treatment combinations, number of applications and details of application of sprays/releases used in treatments 
 

Treatments Number of applications 

of sprays/releases 

Application details 

T1 Spinosad (S) 10 sprays Neemosal was applied when H. armigera population reached its ETL (3 larvae/eggs per 25 plants). 

T2 Neemosal (N) 10 sprays Spinosad was applied when H. armigera population reached its ETL (3 larvae/eggs per 25 plants). 

T3 C. carnea (C) 10 releases Chrysoperla carnea released fortnightly.  

T4 H. hebetor(H) 05 releases Habrobracon hebetor released fortnightly. 

T1 + T2 S*N 05 sprays Alternative sprays of Spinosad and Neemosal were applied on ETL of population. 

T1 + T3 S*C 05 spray + 05 releases Spinosad application was done at ETL of Population whereas the cards of C. carnea eggs were 

installed after 7 days of Spinosad spray. 

T1 + T4 S*H 05 sprays + 03 releases Spinosad was applied when population of H. armigera reached its ETL. The capsules of H. hebetor 

were installed after 7 days of Spinosad spray. 

T2 + T3 N*C 05 sprays  + 05 releases Neemosal was applied when population of H. armigera reached its ETL. The cards of C. carnea eggs 

were installed after 7 days of Neemosal spray. 

T2 + T4 N*H 05 sprays + 03 release Neemosal application was done when population of H. armigera reached its ETL. The capsules of H. 

hebetor were installed after 7 days of Neemosal. 

T3 + T4 C*H 05 sprays + 03 releases The releases were started at the initiation of flowering stage and continued at an interval of seven days. 

After every two releases of C. carnea, one release of H. hebetor was carried out. This practice was 

carried out till the maturity of the crop. 

T1 + T2 + 

T3 

S*N*C 03 spray + 03 spray + 

03 releases 

Firstly, the spray of Spinosad was done when H. armigera reached its ETL. Second spray of 

Neemosal was applied when the population of H. armigera reach to its ETL. After 7 days of 

Neemosal application, release of C. carnea was made. This sequence of three practices was carried 

out till the maturity of the crop. 

T1 + T2 + 

T4 

S*N*H 03 spray + 03 spray + 

03 releases 

Firstly, the spray of Spinosad was done when H. armigera reached its ETL. Second spray of 

Neemosal was applied at ETL of H. armigera. After 7 days of Neemosal application, release of H. 

hebetor was made. This sequence of three practices was carried out till the maturity of the crop. 

T1 + T3 + 

T4 

S*C*H 03 spray + 03 spray + 

03 releases 

Firstly, the spray of Spinosad was done when H. armigera reached its ETL. After 7 days of Spinosad 

application, releases of C. carnea and H. hebetor was done simultaneously. Second spray of Spinosad 

was applied when H. armigera reach to its ETL again followed by releases of C. carneaa and H. 

hebetor 7 days of post application of Spinosad, simultaneously. This sequence of three practices was 

carried out till the maturity of the crop 

T2 + T3 + 

T4 

N*C*H 04 spray + 03 spray + 

02 releases 

Firstly, the spray of Neemosal was done when H. armigera reached its ETL. After 7 days of Spinosad 

application, releases of C. carnea and H. hebetor was done simultaneously. Second spray of 

Neemosal was applied when H. armigera reach to its ETL again followed by releases of C. carnea 

and H. hebetor 7 days post application of Neemosal, simultaneously. The releases of H. hebetor were 

not made for the third time. This sequence of three practices was carried out till the maturity of the 

crop. 

T1 + T2 + 

T3 + T4 

S*N*C*H 03 spray + 03 spray + 

02 releases + 02 sprays 

Firstly, the spray of Spinosad was done by when H. armigera reached its ETL. A spray of Neemosal 

was applied when H. armigera reach to its ETL again followed by releases of C. carnea and H. 

hebetor after 7 days of post application of Neemosal, simultaneously. This sequence of practices 

application was repeated again at ETL. Later on, when H. armigera reached ETL again, a spray of 

Spinosad and Neemosal was applied alternatively till the maturity of the crop. 

Control No control measures applied 

 

Table 2: Impact of drought on larval population and damage (%) caused by H. armigera, C. carnea and parasitism (%) of 

H. armigera by H. hebetor 
 

Genotype H. armigera/plant Damage (%) C. carnea/Plant Parasitism (%) 

Irrigated Drought Mean Irrigated Drought Mean Irrigated Drought Mean Irrigated Drought Mean 

FH-941 0.44  0.34  0.39 bc 13.79 fg 17.04 d 15.42 c 0.26  0.18  0.19 ab 20.60  16.63  18.62 b 

FH-187 0.43  0.30  0.36 c 11.44 h 14.50 f 12.97 d 0.24  0.18  0.19 b 18.56  12.70  15.63 c 

FH-4243 0.39  0.22  0.31 d 13.24 g 09.59 i 11.41 e 0.19  0.15  0.15 c 15.14  09.30  12.22 d 

FH-1000 0.49  0.40  0.45 a 18.73 c 20.92 b 19.83 a 0.30  0.21  0.22 a 23.46  16.39  19.92 b 

FH-207 0.47  0.35  0.41 ab 15.72 e 22.45 a 19.08 b 0.29  0.23  0.22 a 26.19  18.15  22.17 a 

Mean 0.45 a 0.32 b  14.58 b 16.90 a  0.20 a 0.19 a  20.79 a 14.64 b  

 LSD LSD LSD LSD 

Genotypes 0.04** 0.70** 0.03** 2.21** 

Treatment 0.02** 0.31** NS 1.40** 
Genotypes X Treatment NS 1.18 NS NS 

Means sharing similar letters in the same column are not significantly different by Tukey's HSD test at P= 0.05. **= Highly significant at P < 0.01 NS= Non-Significant at 

P>0.05. Genotypes means are compared column wise, treatments means are compared by row wise and interaction is row x column wise 
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to single application. Neemosal spray was more effective 

when combined with Spinosad application with a value of 

0.20/plant as compared with the combined application of 

biological control agents (0.22/plant). Application of 

Spinosad also significantly reduced H. armigera population 

(0.27/plant) further than the control. Population of H. 

armigera was recorded with the values of 0.19, 0.19 and 

0.20/plant in T7, T6 and T5, respectively. This suggests that 

Spinosad is more effective with combination of biological 

control agents than combination of Neemosal.  

Overall comparison of treatments showed that T14 

(Neemosal + C. carnea+ H. hebetor) reduced maximum 

population of H. armigera with a value of 0.09/plant, which 

was followed by T13 i.e., Spinosad + C. carnea + H. hebetor 

(0.1/plant), T11 i.e., Spinosad + Neemosal + C. carnea 

(0.12/plant), T15 i.e., Spinosad + Neemosal + C. carnea + H. 

hebetor (0.12/plant) and T12 i.e., Spinosad + Neemosal + H. 

hebetor (0.14/plant). Population of H. armigera was 

recorded 0.22/ plant in T8 (Neemosal and C. carnea), which 

was statistically at par with T9 (Neemosal and H. hebtor). 

Analysis of variance showed significant (F= 58.67, 

DF= 15 and P < 0.001) difference among treatments 

regarding seed cotton yield (Fig. 1). The maximum yield 

was recorded 1639.52 kg/ha (16.0 kg/plot) in T15 [T1 

(spray of Spinosad) + T2 (spray of Neemosal) + T3 (release 

of C. carnea) + T4 (release of H. hebetor)], which was 

followed by T12 [T1 (spray of Spinosad) + T2 (spray of 

Neemosal) + T4 (releases of H. hebetor)] and T13 [T1 

(spray of Spinosad)+ T3 (release of C. carnea) + T4 

(release of H. hebeor)] with values of 1475.568 and 

1332.11 kg/ha, respectively. Yield was recorded 12-12.5 

kg/plot (1229.64-1280.875 kg/ha) in plots treated with T7 

[T1 (sprays of Spinosad) + T4 (releases of H. hebetor)], T14 

[T2 (spray of Neemosal) + T3 (release of C. carnea) + T4 

(release H. hebetor)], T11 [T1 (spray of Spinosad) + T2 

(spray of Neemosal) + T3 (releases of C. carnea)] and T1 

(spray of Spinosad), which was statistically at par with 

each other. 

Cost benefit ratio was calculated for all treatments and 

are presented in Table 3. Maximum cost benefit ratio was 

recorded with value of 1:6.4 and 1:6.2 in T1 (spray of 

Spinosad) and T15 [T1 (spray of Spinosad) + T2 (spray of 

Neemosal)], which was followed by 1:6.1, 1:5.95 in T15 

[T1 (spray of Spinosad) + T2 (spray of Neemosal)+ T3 

(release of C. carnea) + T4 (release of H. hebetor)] and T12 

[T1 (spray of Spinosad) + T2 (spray of Neemosal) + T4 

(releases of H. hebetor)], respectively. Cost benefit ratio 

with values of 1:5.79, 1:4.97 and 1:4.75 were calculated in 

T11 [T1 (spray of Spinosad) + T2 (spray of Neemosal) + T3 

(releases of C. carnea)], T13 [T1 (spray of Spinosad) + T3 

(release of C. carnea) + T4 (release of H. hebeor)] and T14 

[T2 (spray of Neemosal) + T3 (release of C. carnea) + T4 

(release H. hebetor)], respectively. Minimum cost benefit 

ratio was calculated 1:2.26 in T2 (releases of Neemosal). 

The results showed that T15 [T1 (spray of Spinosad) + T2 

(spray of Neemosal) + T3 (release of C. carnea) + T4 

(release of H. hebetor)] is most suitable combination of 

control method for eco-friendly management of H. 

armigera. 

 

Discussion 
 

Insect behaviour (development and reproduction) vary 

greatly with physio-chemical changes that occur in water-

stressed plants (Mattson and Haack, 1991). The present 

study results showed maximum population of H. armigera 

was recorded on genotypes cultivated under irrigated 

condition (0.44 larvae/plant) as compared to those growing 

under drought condition (0.32 larvae/plant). Survival of 

insect is lower on stressed plants than irrigated plants 

(Showler and Moran, 2003) a scenario that was well shown 

in our study. This poor performance of bollworm may be 

due to reduced nitrogen availability (McMillin and Wagner, 

1995) or elevated allelochemicals (Inbar et al., 2001) on 

stressed plants. High larval mortality of fall armyworm has 

also been reported on dry land soybean than on irrigated 

soybean (Huffman and Mueller, 1983). Similarly, larvae of 

beet armyworm resulted in reduced growth when reared on 

water-stressed tomato plant (English-Loeb et al., 1997).  

Table 3: Helicoverpa armigera population and cost 

benefit ratio in different treatments 

 
Treatments H. armigera/plant CBR 

Spinosad (S) 0.27 bc 1:6.40 

Neemosal (N) 0.32 b 1:2.26 

C. carnea (C) 0.25 cd 1:2.79 

H. hebetor(H) 0.30 bc 1:3.07 

S*N 0.20 bcd 1:6.24 

S*C 0.19 def 1:4.77 

S*H 0.19 de 1:5.59 

N*C 0.22 cd 1:3.94 

N*H 0.22 cd 1:4.61 

C*H 0.17 def 1:2.88 

S*N*C 0.12 efg 1:5.79 

S*N*H 0.14 efg 1:5.95 

S*C*H 0.10 fg 1:4.97 

N*C*H 0.09 g 1:4.75 

S*N*C*H 0.12 efg 1:6.15 

Control 0.50 a  

Means sharing similar letters in the same column are not significantly 

different by Tukey's HSD test at P= 0.05 

 

 
 

Fig. 1: Marketable yield (kg/ha) in different treatments 
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In our study, percent damage caused by H. armigera 

was high in drought treated plants than irrigated plants even 

with low population of H. armigera. This result confirms 

the prediction that plants can have more insect damage 

under drought (Paritsis and Veblen, 2011) because water 

stress promotes the accumulation of free amino acids in 

plants which favour the development of insects (Showler, 

2012). These can be more attractant to herbivore as insects 

use nitrogen from gut in form of amino acids (Brodbeck and 

Strong, 1987). Sugarcane varieties are more susceptible to 

Sipha flava (Forbes), if they have high concentration of 

essential amino acids (Akbar et al., 2010). 

There was a significant interaction of genotypes and 

drought against H. Armigera. Yadav et al. (2006) also 

reported resistant genotypes of chickpea both against H. 

armigera and drought.  Similarly, significant interaction was 

found between drought and genotypes of soybean for 

herbivores (Helicoverpa zea and Spodoptera exigua) 

(Grinnan et al., 2013). Mao et al. (2004) also concluded that 

two genotypes of sweet potato had different response for 

sweet potato weevil feeding as well as its oviposition under 

drought condition. There is a need to identify genotypes that 

have resistance/tolerance against abiotic stress related to 

climate change (Sinclair, 2011). Identification of genotypes 

that have resistance both for abiotic (e.g., drought) and 

biotic stress (insect) may help the breeders to develop new 

varieties that could be cultivated in future climates (Long 

and Ort, 2010) and to find out mechanism involved for 

resistance both for abiotic and biotic stresses. 

In present study, population of C. carnea was not-

significant between drought and irrigated conditions. It may 

be due to reason that altered host quality of a single species 

may not influence behaviour of predator (Romo and 

Tylianakis, 2013). In contrast, predators like anthocorids 

have shown positive association with drought in corn crop 

(Godfrey et al., 1991). This difference may be due to 

behaviour of natural enemies like anthocorids also feed on 

plant parts at the time of low pest densities (Lundgren et al., 

2008) and therefore can directly affect by water stressed 

plants. Our results show that parasitism of H. armigera was 

lower in water-stressed plant than irrigated plants. Similar 

behaviour of Aphidius colemani (Viereck) and A. ervi 

(Haliday) had been reported with drought (Tariq et al., 

2013). Similarly, mango mealybug parasitism was recorded 

to be low under drought condition than irrigated condition 

(Calatayud et al., 2002). Fitness of natural enemies may 

indirectly affect due to change in prey qualities which are 

feeding on stressed plants therefore; drought can disturb 

prey-predator interaction. This multitrophic interaction also 

related with defensive compounds of plants. There is 

evidence that plant defensive compounds may alter foraging 

behaviour of parasitoids (Aslam et al., 2012). 

Drought also increased phytotoxin concentration and 

accumulated in insects feed on that stressed plants and 

therefore, can accumulate in the body of their natural 

enemies and could influence fitness of natural enemies in 

terms of growth and development (Soler et al., 2012). 

Drought can influence the emission of volatile compounds 

(VOCs) in plants (Holopainen and Gershenzon, 2010) and 

which in return can affect foraging behaviour of natural 

enemies (Rasmann and Turlings, 2007).  

Treatment with Spinosad and H. hebetor showed 

comparatively less larval population per plant (0.19 

larvae/plant) than treatments with Spinosad + Neemosal 

(0.20 larvae/plant) but statistically at par with Spinosad + C. 

carnea (0.19 larvae/plant). Spinosad is safe for parasitoid, 

Catolaccus grandis (Burks) therefore can be combined with 

parasitoids to control the insect pests (Elzen et al., 2000). In 

contrast, parasitoids had been negatively affected by 

Spinosad (Williams et al., 2003). Parasitoids can recover 

within 1-2 weeks after application of Spinosad (Scholz et 

al., 2002). To ensure better results with this combination, 

there is a need to consider the persistence of Spinosad in 

relation to application and releases of the parasitoids (Miles 

and Dutton, 2000).  

The maximum larval population after the control plot 

was recorded on the treatments with Neemosal alone and 

with combination of C. carnea and H. hebetor separately, 

suggesting that Neemosal is least effective in controlling the 

pest population, alone and in combination with C. carnea 

and H. hebetor. It can be compared with the findings that 

Neemosal failed to control cotton bollworm complex 

possibly due to lack of its contact action (Isman, 2004). 

High mortality of C. carnea larvae have been reported when 

placed on NeemAzal-T/S contaminated glass plates in 

laboratory experiments (Hermann et al., 1995), explained 

the possible cause of failure of Neemosal and C. carnea in 

combination. In contrast, there is evidence that botanical 

insecticides can effectively control the lepidopteron larvae 

(Koul et al., 2004). Various authors verified that neem 

extract is suitable to control different insect pests like 

Cnaphalocrocis medinalis, Maruca vitrata, including H. 

armigera in different cropping systems (Boomathi et al., 

2006; Rouf and Sardar, 2011). 

The treatment plot with Neemosal + C. carnea + H. 

hebetor had the lowest larval population among all 

treatments, but is not statistically different with bio-

intensive IPM modules consisting of Spinosad + C. carnea 

+ H. hebetor. Maximum larval population was found in the 

control plot. These results suggested that Neemosal + C. 

carnea + H. hebetor, is most effective treatments to control 

bollworm. Praveen (2000) reported that application of bio-

intensive IPM module is very effective to control the H. 

armigera. Ravi et al. (2008) reported that HaNPV, Btk, 

azadirachtin and Spinosad were safe to natural enemies as in 

case of predatory mirids and spiders, agreeing with our 

results. 

Minimum yield of 512.35 kg/ha and CBR value (1: 

2.26) was recorded in Neemosal treated plot as compared 

with other treatment modules. Vogt et al. (1997) also 

reported low yield in the neem treated plot to control 

Dysaphis plantaginea (Passerini). In contrast, increase in 
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yield has been recorded when neem is applied to control 

pest (Tanzubil et al., 2008). The module consisting of T15, 

Spinosad + Neemosal + C. carnea + H. hebetor resulted in 

maximum yield of 1639.52 kg/ha with cost benefit ratio of 

1: 6.15. Increase in yield was recorded with the treatment of 

HaNPV, Btk, azadirachtin and Spinosad to suppress the 

population of H. armigera (Ravi et al., 2008). High cost 

benefit ratio was observed in IPM modules by various 

authors (Kaboré et al., 2002; Karabhantanal et al., 2005; 

Patel et al., 2009). Cherry et al. (2000) reported that cost of 

treatment is pre-requisite to select the treatment to control 

insect pests.  
 

Conclusion 
 

FH-4243 was determined as bollworm resistant genotype in 

the screening experiment. H. armigera caused more damage 

on drought stressed plants than irrigated plants hence it 

favours the theory of Plant Stress Hypothesis. Drought 

could not cause significant effect on population of C. carnea 

but caused detrimental effects on parasitism of H. armigera 

by H. hebetor. T15, Spinosad + Neemosal + C. carnea + H. 

hebetor was most eco-friendly IPM module with cost 

benefit ratio of 1: 6.15. 
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