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Population Dynamics of Helicoverpa armigera and Predator Fauna in Sunflower Crop
ABSTRACT
The experiment was conducted during the Kharif (August) seasons of 2012 and 2013 at the Zonal Agricultural Research Station, University of Agricultural Sciences (UAS), Gandhi Krishi Vignan Kendra (GKVK), Bengaluru, to assess the seasonal incidence of Helicoverpa armigera and its natural predators on sunflower hybrid (DRSF-1) and variety (DRSH-108). Weekly observations on egg, larval and predator population were recorded from the second week of September to the last week of November during both the seasons. Peak larval infestations occurred between the 43rd and 46th standard meteorological weeks (SMW), with slightly higher infestation levels observed in 2012 compared to 2013. Predator population viz., coccinellids, green lacewing, assassin bugs, wasps, pentatomid bugs, spiders and others also peaked during the same period, indicating a synchronized interaction with pest abundance. In the pooled analysis for DRSH-1, H. armigera incidence exhibited positive correlations with sunshine hours (r=0.373) and soil temperature (r=0.138), while maximum temperature (r=-0.595), minimum temperature (r=-0.356) and total rainfall (r=-0.289) showed negative correlations. For DRSF-108, most correlations were statistically non-significant; however, sunshine (r=0.254), afternoon relative humidity (r=0.410), and soil temperature (r=0.292) had mild positive associations. Minimum temperature (r=-0.413) and maximum temperature (r=-0.709) negatively influenced pest incidence. Multiple regression analysis revealed that the collective influence of meteorological parameters explained 88.30 to 97.10% of the variation in H. armigera incidence, highlighting the critical role of weather factors in pest development, forecasting, and integrated pest management strategies.
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1. INTRODUCTION
Sunflower (Helianthus annuus L.) is one of the most important oilseed crops cultivated across the globe. In India, it is predominantly grown in rainfed regions due to its high adaptability to diverse agro-climatic conditions, short duration, and relatively low input requirements. The crop plays a significant role in bridging the gap in the country’s edible oil demand and supply, especially in regions with less assured irrigation. Its economic importance is further reinforced by its nutritional richness and utility in human diets and industrial applications.

The nutritional profile of sunflower is highly valuable, making it a desirable component of human diets. Sunflower seeds contain approximately 14 to 19 per cent protein, 40 to 45 per cent oil, and 30 to 35 per cent carbohydrates (Dhinda et al., 2023), rendering them a rich source of essential macronutrients. Sunflower oil, extracted from the seeds, is widely regarded as a premium-quality edible oil. This is primarily due to its high proportion of unsaturated fatty acids and the near absence of linolenic acid, along with a substantial oil content ranging from 39 to 49 per cent in commercially available cultivars (Geetha and Hegde, 2018). Its heart-friendly properties make it suitable and safe for individuals with heart conditions, positioning sunflower oil as a preferred choice among health-conscious consumers.

Despite these benefits, the productivity of sunflower is significantly compromised by a wide range of biotic stresses, with insect pests being the most prominent. Globally, more than 251 insect and mite species have been documented on sunflower crops (Rajmohan, 1974). In recent years, pest outbreaks have become increasingly problematic, especially under the influence of climate variability, which tends to favour pest proliferation. Among the insect pests, polyphagous species such as the tobacco caterpillar (Spodoptera litura) and the head borer (Helicoverpa armigera) have gained serious prominence. Notably, H. armigera has been classified as a national pest due to its destructive impact on a wide array of cultivated crops, including sunflower (Singh and Singh, 2006). The pest is particularly damaging during the flowering and seed-setting stages, when larvae bore into sunflower heads and consume developing seeds. This feeding behaviour results in substantial quantitative and qualitative losses (Kranthi et al., 2002; Ghante et al., 2020; Aftab et al., 2020).

Meteorological variables play a vital role in determining the development, abundance and population dynamics of H. armigera. These abiotic factors not only affect the pest directly but also influence the population and activity of its natural enemies (Zafar et al., 2013). Various studies have confirmed that temperature, relative humidity, rainfall and sunshine duration are critical in shaping insect population trends. For example, recent field investigations conducted in Odisha and Maharashtra have demonstrated significant correlations between larval incidence and climatic variables such as humidity and sunshine (Doke, 2022). Moreover, comprehensive reviews of the sunflower pest complex have emphasized the importance of understanding predator-prey relationships. Nazrin et al. (2022) documented over 50 insect pest species associated with sunflower, highlighting the necessity for integrated pest management (IPM) strategies customized for specific agro-ecological zones.

The population dynamics of H. armigera are characterized by multiple overlapping generations within a cropping season, with population peaks often coinciding with critical crop phenological stages like flowering and seed development (Tripathi and Singh, 1991). A thorough understanding of the pest's occurrence, distribution, and its interaction with environmental conditions is therefore crucial for developing effective, economical, and sustainable management practices (Patel and Shekh, 2006). Against this backdrop, the present study was undertaken to investigate the population dynamics of Helicoverpa armigera and the associated predator fauna in sunflower.
2. METHODOLOGY
To investigate the seasonal incidence of Helicoverpa armigera and its natural predators on sunflower, a field experiment was carried out at the Zonal Agricultural Research Station (ZARS), University of Agricultural Sciences (UAS), GKVK, Bengaluru, during the Kharif seasons of 2012 and 2013. Sunflower hybrid (DRSF-1) and a variety (DRSH-108) were sown in plots measuring 4.2mx3.0m on 24th August, 2012 (Kharif 2012) and 14th August, 2013 (Kharif 2013) with three replications. Throughout the crop growth period, all standard agronomic practices recommended in the Package of Practices by UAS, Bengaluru, were followed, with the exception of plant protection measures. Observations on the incidence of H. armigera in each plot were taken at an interval of one week, wherein the number of eggs head -1, caterpillars plant-1 and number of predators were recorded from ten randomly selected plants plot -1.
3. RESULTS AND DISCUSSION
3.1. Seasonal incidence of H. armigera and its predators on sunflower during the Kharif seasons of 2012 and 2013.

The weekly observations on the seasonal incidence of H. armigera and its predators were recorded from the second week of September up to the last week of November in DRSH-1 and DRSF-108 during Kharif 2012 and Kharif 2013. These observations on pest incidence in relation to weather factors are presented below.

3.1.1.  Incidence of H. armigera during Kharif, 2012

During the season, the incidence of H. armigera was observed with varying intensity ranging between 0.00 to 2.30 and 0.00 to 1.70 larvae ten plants-1 on DRSH-1 and DRSF-108, respectively. However, its peak incidence was observed during third week of October i.e., 44th SMW (2.30 larvae/10 plants) on DRSH-1 and first week of November i.e., 45th SME (1.70 larvae/10 plants) on DRSF-108, respectively. Next peak incidence was observed during 46th SMW (1.40 larvae/10 plants) on DRSH-1 and 44th SMW (1.20 larvae/10 plants) on DRSF-108 (Figure 1a and 1b).

3.1.2.  Incidence of H. armigera during Kharif, 2013 

In Kharif 2013, the incidence of H. armigera ranged between 0.00 to 1.90 and 0.00 to 1.60 larvae ten plants-1 on DRSH-1 and DRSF-108, respectively. However, its peak incidence was observed during second week of November (46th SMW) on both DRSH-1 and DRSF-108 (1.90 and 1.60 larvae/10 plants, respectively), followed by 44th SMW (1.00 larvae/10 plants) on DRSH-1 and 43rd SMW (0.80 larvae/10 plants) on DRSF-108 (Figure 1c and 1d).

Bilapate and Chakravarthy (1999) reported peak incidence of H. armigera on sunflower in September - October under Bangalore conditions which is in agreement with the findings of the present study. Similarly, Shankergoud et al. (2006) reported that the outbreak of H. armigera is common in northern parts of Karnataka usually during late Kharif and Rabi. During October, the peak population of H. armigera was noticed in Raichur region of Karnataka.
3.1.3. Incidence of total number of predators during Kharif, 2012

The incidence of the total predatory fauna occurring in sunflower ecosystem viz., coccinellids, green lacewing, assassin bugs, wasps, pentatomid bugs, spiders and others were recorded during the course of this investigation. Their incidence was observed with varying intensity ranging between 0.10 to 2.20 ten plants-1 and 0.10 to 7.10 ten plants-1 on DRSH-1 (Fig. 1a) and DRSF-108 (Fig. 1b), respectively. The incidence of predators was highest during 46th SMW (2.20 /10 plants), followed by 45th and 47th SMW (1.20/10 plants) on DRSH-1 (Figure 1a), whereas in case of DRSF- 108 the peak in incidence of total predators observed during the 46th SMW (7.10/10 plants), followed by 47th (4.50/10 plants) (Figure 1b).

3.1.4.  Incidence of total number of predators during Kharif, 2013

During Kharif 2013 the incidence of predators was observed with varying intensity ranging between 0.00 to 1.20 ten plants-1 and 0.00 to 1.60 ten plants-1 on DRSH-1 (Fig. 1c) and DRSF-108 (Fig. 1d), respectively. The incidence of predators was highest during 44th SMW (1.20/10 plants), followed by 46th SMW (0.90/10 plants) on DRSH-1 (Figure 1c). However, in case of DRSF- 108, the peak activity of total predators was observed during 46th SMW (1.6/10 plants), followed by 43rd SMW (1.10 /10 plants) (Figure 1d).

The intensity of predatory fauna during Kharif 2012 and Kharif 2013 ranged from 0.10 to 2.20 (DRSH-1) and 0.10 to 7.10 (DRSF-108) ten plants-1 and 0.00 to 1.20 (DRSH-1) and 0.00 to 1.60 (DRSF-108) ten plants-1, respectively. Manjunath et al. (1985) reported 77 parasitoids and 33 predators on Heliothis infesting different crops. Similar reports were made by Van den Berg et al. (1997) and Ballal and Singh (2001) on sunflower. Basappa (2011) reported 48 species of natural enemies in sunflower which comprised of 7 parasitoids, 24 insect predators, 9 spiders and 8 predatory birds in the sunflower ecosystem.
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Figure 1d

Figure 1. Seasonal incidence of H. armigera and predator fauna on sunflower a) DRSH 1 (Kharif-2012); b) DRSF 108  (Kharif-2012); c) DRSH 1 (Kharif-2013); d)  DRSF 108  (Kharif-2013)

3.2.  Correlation and regression between the incidence of H. armigera on DRSH-1 with the weather parameters of the corresponding week

3.2.1.  Kharif 2012

The incidence of H. armigera in DRSH-1 showed a significant positive correlation with total rainfall (r= 0.636*) and negative correlation with maximum temperature (r=-0.836**) and sunshine hours (r=-0.129*). Number of rainy days (r= 0.102), afternoon relative humidity (r= 0.691) and wind speed (r=0.209) showed non- significant positive relationship with the incidence of H. armigera and minimum temperature (r=-0.580), morning relative humidity (r=-0.073) and soil temperature (r=-0.066) showed non-significant positive correlation. (Table 1). An impact of 91.20 % was felt on the incidence of H. armigera on DRSH-1 due to all the weather factors, as indicated by the multiple linear regression analysis (Table 2).

3.2.2.  Kharif 2013

The H. armigera population in DRSH-1 exhibited significant positive correlation with soil temperature (r=0.692*). Maximum temperature (r=-0.132), minimum temperature (r=-0.164), morning relative humidity (r=-0.093), afternoon relative humidity (r=-0.006) and wind speed (r= -0.337) showed a negative correlation with the incidence of H. armigera. However, total rainfall (r=0.105), number of rainy days (r=0.028) and sunshine (r=0.017) showed a positive correlation with H. armigera incidence (Table 1). The multiple linear regression analysis indicated that the weather parameters together had an impact of 90.50% on H. armigera incidence in DRSH-1 (Table 2).

3.2.3.  Pooled mean of Kharif 2012 and 2013

Population of H. armigera when correlated with the weather parameters was found to be non-significant. The number of rainy days (r=-0.225), afternoon relative humidity (r=0.287), sunshine hours (r=0.373) and soil temperature (r= 0.138) had a positive influence on H. armigera incidence, whereas, the total rainfall (r=-0.289), maximum temperature (r=-0.595), minimum temperature (r=-0.356), morning relative humidity (r=-0.323) and wind speed (-0.280) were found to have a negative influence on H. armigera incidence (Table 1). The regression equation indicated that the incidence of H. armigera was influenced to an extent of 91.10% by the different weather factors (Table 2).

Chatar et al. (2010) and Malik et al. (2015) indicated that maximum, minimum and mean temperature exhibited a highly significant negative correlation is in agreement with the present study. However, present findings disagree with the results of Zafar et al. (2013) on sunflower. This may be due to changes in the cropping seasons and the prevalence of weather conditions during cropping period. 
	Table 1. Correlation between the incidence of H. armigera on DRSH -1 with weather parameters of the corresponding week

	Pest
	Total

rainfall (mm)
	No. of rainy days
	Temp. (ºC)
	RH (%)
	Sunshine

(Hrs.)
	Soil temp

(5cm,

Morn)
	Wind speed

(Km/day)

	
	
	
	Max.
	Min.
	Morn.
	A/N
	
	
	

	H. armigera in 2012
	0.636*
	0.102
	-0.836** 
	-0.580 
	-0.073 
	0.691
	-0.129* 
	-0.066
	0.209

	H. armigera in 2013
	0.105
	0.028
	-0.132
	-0.164
	-0.093
	-0.006
	0.017
	0.692*
	-0.337

	Mean 
	-0.289
	-0.225
	-0.595
	-0.356
	-0.323
	0.287
	0.373
	0.138
	-0.280


     ** Correlation is significant @ 0.01 level (2-tailed), * Correlation is significant @ 0.05 level (2-tailed)

	Table 2. Regression equation between the incidence of H. armigera on DRSH-1 with weather parameters of corresponding week

	Pest
	Regression equation
	R2 value

	H. armigera in 2012 
	Y2=1.972+0.028X1-0.430X2 -0.003X3-0.570X4 +0.164X5 -0.081X6-0.160X7-0.013X8 -0.086X9
	91.20

	H. armigera in 2013
	Y2= 93.770+0.103X1-2.642X2-17.560X3-4.178X4-6.846 X5+1.758X6+4.486X7-4.974X8-8.316X9
	90.50

	Mean 
	Y2 =80.735-0.020X1+0.340X2-1.502X3 +0.085X4-0.224 X5-0.238X6-0.443X7-0.076X8-0.469X9
	91.10


X1=Total rainfall (mm), X2= No. of rainy days, X3= Maximum temperature (oC), X4= Minimum temperature (oC)

X5= Relative humidity (morning) (%), X6= Relative humidity (afternoon) (%), X7= Sunshine hours, X8 = Soil temperature, 

X9= Wind speed

3.3.  Correlation and regression between the incidence of H. armigera on DRSH-1 with weather parameters of the preceding week

3.3.1. Kharif 2012

The correlation between the H. armigera incidence with the weather parameters was found to be non-significant. The number of rainy days (r=-0.144), maximum temperature (r=-0.506), minimum temperature (r=-0.422), morning relative humidity (r=-0.045) and wind speed (r=-0.049) were found to have a negative impact on H. armigera incidence. However, total rainfall (r=0.069), sunshine (r=0.273), afternoon relative humidity (r=0.228) and soil temperature (r=0.141) were found to exert a positive influence on the H. armigera incidence (Table 3). The multiple linear regression analysis indicated that the weather factors influenced the H. armigera population to an extent of 85.90% (Table 4).
3.3.2.  Kharif 2013

The correlation between H. armigera with all seven weather parameters was found to be non-significant. However, total rainfall (r=-0.274), number of rainy days (r=-0.221), maximum temperature (r=-0.076), minimum temperature (r=-0.143), afternoon relative humidity (r=-0.113) and wind speed (r=-0.139) were found to negatively influence the incidence of H. armigera. Further, the remaining parameters, viz., morning relative humidity (r=0.484), sunshine (r=0.403) and soil temperature (r=0.002) were found to have a positive impact on the incidence of H. armigera (Table 3). An impact of 90.30% due to weather factors was observed on the incidence of H. armigera, as revealed by the multiple linear regression equation (Table 4).

3.3.3.  Pooled mean of Kharif 2012 and 2013

When the pooled mean of the Kharif seasons data of pest incidence of both 2012 and 2013 was correlated with weather parameters, the correlation was found to be negatively significant with respect to minimum temperature (r=-0.636**) at the 0.01 level (2-tailed). However, the remaining weather parameters were found to have a non-significant influence on the incidence of H. armigera. Of the weather factors, total rainfall (r=-0.194), number of rainy days (r=-0.073), maximum temperature (r=-0.200), morning relative humidity (r=-0.099) and wind speed (r=-0.356) were found to have a negative impact on the incidence of H. armigera. However, the afternoon relative humidity (r=0.066), sunshine (r=0.339) and soil temperature (r=0.247) were found to have a positive influence on the incidence of H. armigera in sunflower hybrid DRSH-1 (Table 3). An impact of 96.60% was felt on the incidence of H. armigera due to weather factors as revealed by the multiple linear regression equation (Table 4). The results of the present study are in accordance with the Geetha (2013) with respect to S. litura in sunflower.

	Table 3. Correlation between the incidence of H. armigera on DRSH-1 with weather parameters of the preceding week

	Pest
	Total

rainfall (mm)
	No. of rainy days
	Temp. (ºC)
	RH (%)
	Sunshine

(Hrs.)
	Soil temp

(5cm,

Morn)
	Wind speed

(Km/day)

	
	
	
	Max.
	Min.
	Morn.
	A/N
	
	
	

	H. armigera in 2012
	0.069
	-0.144
	-0.506
	-0.422
	-0.045
	0.228
	0.273
	0.141
	-0.049

	H. armigera in 2013
	-0.274
	-0.221
	-0.076
	-0.143
	0.484
	-0.113
	0.403
	0.002
	-0.139

	Mean 
	-0.194
	-0.073
	-0.200
	-0.636**
	-0.099
	0.066
	0.339
	0.247
	-0.356


            ** Correlation is significant at the 0.01 level (2-tailed), * Correlation is significant at the 0.05 level (2-tailed)

	Table 4. Regression equation between the incidence of H. armigera on DRSH-1 with weather parameters of preceding week

	Pest
	Regression equation
	R2 value

	H. armigera in 2012 
	Y2=20.302-0.025X1+0.030X2-1.183X3+1.162X4-0.188X5 +0.140X6+0.488X7+0.098X8-0.524X9
	85.90

	H. armigera in 2013
	Y2 =10.331+0.005X1-0.190X2-0.406X3-0.300X4-0.121X5 +0.321X6-0.589X7-0.106X8+0.359X9
	90.30

	Mean 
	Y2=23.202-0.009X1+0.380X2-0.467X3-0.223X4-0.015X5-0.006X6-0.006X7-0.056X8-0.542X9
	96.60


X1=Total rainfall (mm), X2= No. of rainy days, X3= Maximum temperature (oC), X4= Minimum temperature (oC)

X5= Relative humidity (morning) (%), X6= Relative humidity (afternoon) (%), X7= Sunshine hours, X8 = Soil temperature, 

X9= Wind speed

3.4. Correlation and regression between the incidence of H. armigera on DRSF-108 with weather parameters of the corresponding week

3.4.1.  Kharif 2012

In DRSH-108, the correlation between the population of H. armigera with all-weather parameters was found to be non-significant. The incidence of H. armigera was found to be positively correlated with maximum temperature (r=-0.544), minimum temperature (r=-0.142) and sunshine (r=-0.113) was found a negative correlation with the incidence of H. armigera on DRSF-108. But total rainfall (r=0.421), number of rainy days (r=0.076), morning relative humidity (r=0.332), soil temperature (r=0.260) and wind speed (r=0.025) was positively correlated with the incidence of H. armigera (Table 5). An impact of 50.69 % due to weather factors was felt on the incidence of H. armigera as revealed by the multiple linear regression equation (Table 6).

3.4.2. Kharif 2013

During Kharif 2013 all the weather parameters exhibited a non-significant correlation with the incidence of H. armigera in DRSF-108 (Table 5). The total rainfall (r=-0.391), number of rainy days (r=-0.210), maximum temperature (r=-0.149), minimum temperature(r=-0.164), soil temperature (r=-0.272) and wind speed (r=-0.036) had a negative impact on the incidence of H. armigera. However, other weather parameters like morning relative humidity (r=0.182) and sunshine (r=0.192) were found to have a non-significant positive influence on the incidence of H. armigera. The multiple linear regression equation revealed that the weather parameters influenced the incidence of H. armigera to an extent of 85.40% (Table 6).
3.4.3.  Pooled mean of Kharif 2012 and 2013

All the weather parameters exhibited a non-significant correlation with the incidence of H. armigera in DRSF-108. Maximum temperature (r=-0.709), afternoon relative humidity (r=0.410), sunshine hours (r=0.254) and soil temperature (r=0.292) was found to have a nonsignificant positive correlation with H. armigera, whereas, the remaining weather parameters like total rainfall (r=-0.174), number of rainy days (r=-0.109), minimum temperature (r=-0.413) and wind speed (r=-0.169) was found to have a negative non-significant influence on the incidence of H. armigera (Table 5). An impact of 88.30% due to weather factors was felt on the mean incidence of H. armigera as revealed by the multiple linear regression equation (Table 6).

The present findings are partially in agreement with the results of Geetha (2013) who observed that the correlation between the incidence of S. litura, semiloopers, grasshoppers, weevils, other defoliators, total defoliators and total sucking pests in sunflower with the corresponding weeks weather parameters was found to be non-significant.
	Table 5. Correlation between incidence of H. armigera on DRSF-108 with weather parameters of the corresponding week

	Pest
	Total

rainfall (mm)
	No. of rainy days
	Temp. (ºC)
	RH (%)
	Sunshine

(Hrs.)
	Soil temp

(5cm,

Morn)
	Wind speed

(Km/day)

	
	
	
	Max.
	Min.
	Morn.
	A/N
	
	
	

	H. armigera in 2012
	0.421
	0.076
	-0.544
	-0.142
	0.332
	0.473
	-0.113
	0.260
	0.025

	H. armigera in 2013
	-0.391
	-0.210
	-0.149 
	-0.164
	0.182
	-0.243
	0.197
	-0.272
	-0.036

	Mean 
	-0.174
	-0.109
	-0.709
	-0.413
	-0.139 
	0.410
	0.254
	0.292
	-0.169


     ** Correlation is significant at the 0.01 level (2-tailed) 

     * Correlation is significant at the 0.05 level (2-tailed)

	Table 6. Regression equation between incidence of H. armigera on DRSF-108 with weather parameters of corresponding week

	Pest
	Regression equation
	R2 value

	H. armigera in 2012 
	Y2 = 12.435-0.003X1-0.145X2-0.760X3+0.693X4+0.075X6+0.219X7-0.097X8-0.653X9
	50.69

	H. armigera in 2013
	Y2 =195.05+0.069X1+1.850X2-12.626X3-2.968X4-4.734X5 +1.207X6-3.148X7-3.787X8-5.954X9
	85.40

	Mean 
	Y2 =33.308-0.010X1+0.105X2-0.783X3 +0.015X4-0.039X5-0.105X6-0.188X7-6.749E-5X8-0.125X9
	88.30


X1=Total rainfall (mm), X2= No. of rainy days, X3= Maximum temperature (oC), X4= Minimum temperature (oC)

X5= Relative humidity (morning) (%), X6= Relative humidity (afternoon) (%), X7= Sunshine hours, X8 = Soil temperature, 

X9= Wind speed

3.5. Correlation and regression between the incidence of H. armigera on DRSF-108 with weather parameters of the preceding week

3.5.1. Kharif 2012

When H. armigera was correlated with the weather parameters of the preceding week, it was found to be significantly positively correlated with the total rainfall (r=0.709*) and afternoon relative humidity (r=0.767**). Whereas the maximum temperature had a significant negative influence on the incidence of H. armigera. The minimum temperature (r=-0.229) and sunshine (r=-0.241) were found to have a negative effect on the H. armigera incidence, but other two parameters, number of rainy days (r=0.293), soil temperature (r=0.161) and wind speed (r=0.410) had a non-significant positive influence on the pest incidence (Table 7). The multiple linear regression equation suggests that these weather parameters influenced the incidence of H. armigera to an extent of 83.60% (Table 8).

3.5.2.  Kharif 2013

Similarly, during Kharif 2013, a non-significant correlation was observed between pest incidence and all the weather parameters. However, the total rainfall (r=-0.414), number of rainy days (r=-0.555), minimum temperature (r=-0.060) and afternoon relative humidity (r=0.301) were found to have a negative influence on the H. armigera incidence. However, maximum temperature (r=0.042), morning relative humidity (r=0.040), sunshine (r=0.582), soil temperature (r=0.221) and wind speed (r=0.033) were found to exert a positive influence on the incidence of H. armigera (Table 7). The multiple linear regression equation for H. armigera incidence suggests that these weather parameters influenced pest activity to an extent of 72.70% (Table 8).

3.5.3.  Pooled mean of Kharif 2012 and 2013

The pooled mean data from the Kharif seasons of both 2012 and 2013 revealed that there was a non-significant correlation with all the weather parameters. The total rainfall (r=-0.227), number of rainy days (r=-0.083), maximum temperature (r=-0.027), minimum temperature (r=-0.525), morning relative humidity (r=-0.330), afternoon relative humidity (r=-0.029) and wind speed (r=-0.512) had a negative influence on the incidence of H. armigera. However, the other parameters like sunshine (r=0.450) and soil temperature (r=0.435) were found to positively influence the H. armigera incidence (Table 7). The regression equation indicated that the incidence of H. armigera on DRSF-108 was influenced to an extent of 97.10% by the different weather factors (Table 8). The present findings are in conformity with the results of Geetha (2013), who reported that S. litura had a significant negative relationship with maximum temperature and relative humidity. Shinde et al. (2013), Pandey et al. (2013), Kumar et al. (2015) and Galav et al. (2021) also observed a negative correlation with relative humidity.
	Table 7. Correlation between incidence of H. armigera on DRSF-108 and with weather parameters of the preceding week

	Pest
	Total

rainfall (mm)
	No. of rainy days
	Temp. (ºC)
	RH (%)
	Sunshine

(Hrs.)
	Soil temp

(5cm,

Morn)
	Wind speed

(Km/day)

	
	
	
	Max.
	Min.
	Morn.
	A/N
	
	
	

	H. armigera in 2012
	0.709*
	0.293
	-0.772**
	-0.229
	0.250
	0.767**
	-0.241
	0.161
	0.410

	H. armigera in 2013
	-0.414
	-0.555
	0.042
	-0.060
	0.040
	-0.301
	0.582
	0.221
	0.033

	Mean 
	-0.227
	-0.083
	-0.027
	-0.525
	-0.330
	-0.029
	0.450
	0.435
	-0.512


     ** Correlation is significant at the 0.01 level (2-tailed) 

     * Correlation is significant at the 0.05 level (2-tailed)

	Table 8. Regression equation between incidence of H. armigera on DRSF-108 and with weather parameters of the preceding week

	Pest
	Regression equation
	R2 value

	H. armigera in 2012
	Y2=10.716+0.120X1-0.159X2-0.449X3+0.260X4-0.055X5-0.032X6+0.105X7+0.169X8+0.024X9
	83.60

	H. armigera in 2013
	Y2=34.858+0.004X1-0.198X2-0.605X3-0.175X4-0.244X5+0.154X6+0.365X7-0.066X8-0.309X9
	72.70

	Mean
	Y2=25.804-0.008X1+0.138X2-0.302X3-0.106X4-0.149X5+0.008X6+0.003X7-0.012X8-0.339X9
	97.10


X1=Total rainfall (mm), X2= No. of rainy days, X3= Maximum temperature (oC), X4= Minimum temperature (oC)

X5= Relative humidity (morning) (%), X6= Relative humidity (afternoon) (%), X7= Sunshine hours, X8 = Soil temperature, 

           X9= Wind speed

4. CONCLUSION
The incidence of Helicoverpa armigera with population peaks consistently occurred between the 43rd and 46th SMW during the Kharif seasons of 2012 and 2013. Predator activity followed similar patterns. Temperature, rainfall, humidity and sunshine had varying degrees of influence on pest incidence, with pooled regression models explaining up to 97.10% of the variation. These findings underline the significance of incorporating weather-based forecasting into pest surveillance and IPM strategies for sunflowers, enabling more timely and environmentally sound interventions.
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