Population dynamics of Helicoverpa armigera (Hubner) and Agrotis ipsilon (Hufnagel) in chickpea and their relationship with abiotic factors in Kanpur region of Uttar Pradesh, India

ABSTRACT
This study investigates the population dynamics of major insect pests, specifically Helicoverpa armigera (Hubner) and Agrotis ipsilon (Hufnagel), in chickpea crop and examines their relationship with key abiotic factors in the Kanpur region of Uttar Pradesh, India. Weekly field observations during the Rabi (winter) seasons of 2023-24 and 2024-25 revealed that the peak activity of H. armigera was observed in 11th and 10th SMW that had positive correlation with maximum and minimum temperature and negative correlation with maximum and minimum relative humidity during both the years. Agrotis ipsilon activity peaked during vegetative stage at 52nd and 1st SMW and had negative correlation with maximum and minimum temperature and positive correlation with maximum and minimum relative humidity during both years. The findings further emphasize the impact of climatic variables on pest incidence and underscore the value of targeted surveillance to mitigate crop losses and promote sustainable chickpea cultivation. 
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1. INTRODUCTION
[bookmark: _GoBack]Chickpea, Cicer arietinum Linn. is considered as “King of Pulses” and cultivated globally with different names i.e. Gram, Chana, Bengal gram (India), Chickpea (English), Hamaz, Hommes (Arab world), Nohud, Lablabi (Turkey), Shimbra (Ethiopia) and Garbanzo (Latin America), in different countries. It belongs to the family Fabaceae, sub-family Faboideae. “The genus Cicer originated in South-eastern Turkey and spread to other parts of the world. It is adapted to relatively cooler climates. In India, it is sometimes called as poor man’s meat and rich man’s vegetable” (Bahadur et al. 2018). The largest area of adaption is in the Indian sub-continent. Chickpea is cultivated in many countries of the world and comprises of 20 per cent of the world legumes production. It is the most important crop with high acceptability and wider use. It provides a high-quality protein to the people in developing countries. “Green leaves/twigs of chickpea are used in preparing nutritious vegetables in countries of South Asia. These are also used as high protein fodder mixed with cereal leaves. There are two types of chickpea i.e. Desi and Kabuli types. Desi type has small seeds with angular, sharp edges and the seed coat can vary from black to cream or yellow. The flowers of Desi type are generally pink and almost 80-90 per cent of the world’s chickpea crop grown is Desi type. The splits (dal) and flour (besan) are invariably made from desi type. The kabuli type have large rounded seeds shaped like a ram’s head with cream beige or white seed coats, estimated at 10 per cent production area of the chickpea growing regions” (Pandey et al. 2011). “Chickpea stover is fed to the cattle/goats as a nutrient rich supplement as their major cereal fodder in the lean season. Its ability to enrich the soil fertility by fixing large quantities of atmospheric nitrogen with the help of symbiotic bacteria mainly Rhizobium species is economically sound and environmentally acceptable. It has high nutritive value and is enriched with vegetable protein, carbohydrate, cholesterol lowering fiber, oil, ash, calcium and phosphorus” (Veer et al., 2020).
In India, chickpea had total pulses area of 10.91 million hectare with production of 13.75 million tonnes and productivity 1260 kg/ha in 2024. It is grown in six major states viz. Maharashtra, Madhya Pradesh, Rajasthan, Gujrat, Uttar Pradesh, Andhra Pradesh, Karnataka and Chhattisgarh altogether contributing 97.15 per cent of the total production and 96.95 per cent of the total area of chickpea production in India. In Uttar Pradesh chickpea is grown in an area of 0.62 million hectare with production of 0.77 million tonnes and productivity of 1250 kg/ha in 2023-24. Maharashtra is the single largest producer in the country accounting for over 23.82 per cent of total production while Madhya Pradesh, Rajasthan and Uttar Pradesh contribute about 22.05 per cent, 19.28 per cent and 5.59 per cent, respectively (Anonymous, 2023-24).
“Chickpea is attacked by more than 25 species of insects and among them gram pod borer, Helicoverpa armigera (Hubner) and gram cut worm, Agrotis ipsilon (Hufnagel) are of importance of national significance and six insect pests i.e. bean aphid, Aphis cracciovora (Koch), semilooper, Autographa nigrisigna (Walker), tobacco caterpillar, Spodoptera litura (Hubner), pod bug, Riptortus pedestris (Fab.) and leaf webber, Eucosma critica are major pests of regional significance” (Sharma et al. 2020). “Chickpea pod borer is a polyphagous insect pest of pulses and widely distributed in the world. In India, it has been observed to feed on 181 cultivated and uncultivated species belonging to 45 families. The pod damage due to chickpea pod borer could increase up to 100 per cent in India” (Waseem et al. 2019).
Gram pod borer life cycle involves four major developmental stages (eggs, larvae, pupa and adult). “Eggs are yellowish-white and glistening at initial stage, changing to dark-brown before hatching, larvae with five pairs of prolegs on the third to sixth and tenth abdominal segments; a narrow dark, median dorsal band on each side, colour varies from shades of green, straw yellow and pinkish to reddish brown or even black; fully grown larvae are 30-40 mm long. Adult have 3.5-4 cm wing span and 14-18 mm long; males usually are greenish-grey and female are orange-brown; forewings with a line of 7-8 blackish spots on the margin and a broad, irregular, transverse brown band; hindwings are pale-straw colour with a broad dark-brown border” (Yadav et al. 2020). Damaging symptoms by small larvae are that they feed on foliage and larger larvae that bore into flower buds, flowers and pods and consume the developing seed. The low yield of chickpea crop is attributed to the regular outbreaks of gram pod borer, H. armigera which is considered as one of the major pests of chickpea.
“Gram pod borer, Helicoverpa armigera (Hubner) is a noxious and polyphagous pest of global importance damaging more than 200 cultivated and wild hosts” (Yadav et al. 2011). Among cultivated hosts, chickpea, Cicer arietinum (Linnaeus), which is one of the most valuable pulse crops, reports heavy incidence of H. armigera damaging foliage and pods of the crop to the extent of up to 80 per cent in India ranging from region to region and depending upon climate and crop intensity (Srivastava and Sehgal, 2002). Its outbreak has been witnessed due to its polyphagous nature, multivoltine, migratory, overwintering and diapause under adverse conditions. The most damaging stage of the pest is larva, which feed on both foliage and pods.
“The incidence of H. armigera begins from early vegetative to maturity stage of the crop. At early stage, the young larvae start feeding on leaflets, buds, flowers and finally the green pods of chickpea. Owing to this, reduction in yield ranged from 40-50 per cent has been recorded and may cause even complete loss of the crop” (Rai et al. 2003; Mandal and Roy, 2012). “The annual losses due to insect-pests have been estimated up to 15 per cent in chickpea” (Chandrashekhar et al. 2014). A single larva can consume up to 30-40 pods in its life time (Taggar and Singh, 2012). “Reduction of chickpea production due to this pest may range from 70 to 95 per cent. Crop pest surveillance and its monitoring aids in successful pest management strategies. The gram pod damage due to Helicoverpa armigera (Hubner) on chickpea crop could increase up to 100 per cent in India” (Singh and Yadav, 2007). The immature stage of H. armigera consumed on foliage but they occurred highly dangerous at flowering and pod formation stage causing significant damage done by insect pests which could be minimized and kept under economic threshold level.
“Pest population level may be resultant of weather parameters of preceding weeks or months. It thus becomes important to explore relationship of pest population with pre-season and seasonal weather parameters” (Prasannakumar and Chander, 2014). Chickpea growers can take precautions of sowing dates and other management tactics, in order to escape from peak pest infestation. The emergence and occurrence of the pest over a specific space and time are dependent on climatic or geographical distribution, plant phenology and existence of natural enemies in the cropping system of the region.
Studying the population dynamics of pest populations and their correlation with abiotic factors is crucial for effective pest management and sustainable agriculture. Population dynamics studies help predict when and how pest outbreaks might occur, facilitating well-timed management measures that minimize crop damage and reduce reliance on pesticides. Correlating pest abundance with abiotic factors such as temperature, humidity and rainfall allows for forecasting outbreaks and understanding the conditions that promote pest proliferation. This study helps in getting the region-specific data which is essential for Integrated Pest Management (IPM) programs. It helps in predicting pest outbreaks and planning timely control measures. Also provides information for designing eco-friendly and economically viable pest management strategies. 
2. MATERIALS AND METHODS
To study the population dynamics of major insect-pests in chickpea variety KGD-1168, it was sown in the plot size of 10 × 10 m by adopting 30 cm row to row and 10 cm plant to plant spacing and following all the agronomic practices except plant protection measures.


2.1 Gram pod borer, Helicoverpa armigera (Hubner)
In order to study the population dynamics of gram pod borer at Students’ Instructional Farm, the larval population of H. armigera during Rabi season, 2023-24 and 2024-25. It was counted from 5 randomly selected plants at weekly interval starting from 30 DAS (Days after sowing) till the maturity of crop. 
2.2 Cut worm, Agrotis ipsilon (Hufnagel)
Observation on the population dynamics of cut worm was randomly recorded by counting the damaged plants/sq. m at weekly interval starting from seedling stage to reproductive stage during the Rabi season, 2023-24 and 2024-25.
Weekly meteorological data during crop period was collected from meteorological observatory of C.S.A. University of Agriculture and Technology, Kanpur. The average population of H. armigera and A. ipsilon was correlated with abiotic factors by using the following formula:
Correlation studies:
[image: ]
Where,
r = Simple correlation coefficient
x = Population of pest
y = Meteorological parameter
n = Number of observations

3. RESULTS AND DISCUSSION
3.1 Gram pod borer, Helicoverpa armigera (Hubner)
The larval population of H. armigera (Hubner) was noticed for first time during 49th and 51st standard meteorological week and stayed till (maturity of crop) 14th standard meteorological week during Rabi, 2023-24 and 2024-25 cropping season, respectively. The minimum larval population of H. armigera (Hubner) was 0.10 and 0.10 larvae per plant recorded during 3rd and 52nd standard meteorological week of Rabi, 2023-24 and 2024-25, respectively, when the maximum temperature was 12.50 ˚C and 22.40 ˚C, minimum temperature was recorded at, 5.30 ˚C and 11.70 ˚C, relative humidity maximum was 92.00 and 91.40 per cent and relative humidity minimum was 77.00 and 66.80 per cent whereas, rainfall was recorded 0.00 mm and 0.20 mm, respectively. The gram pod borer activity increased gradually and reached its peak at 11th and 10th standard meteorological week with 1.60 and 1.40 larvae per plant when the maximum temperatures were (30.00 ˚C and 29.70 ˚C) and minimum temperatures were (13.30 ˚C and 11.90 ˚C), relative humidity maximum were 78.00 and 70.00 per cent) and relative humidity minimum were (36.00 and 31.00 per cent) whereas, 0.00 mm rainfall was recorded during Rabi, 2023-24 and 2024-25, respectively. (Table 1 and Table 2)
Correlation (r) coefficient of H. armigera (Hubner) with different meteorological parameters, maximum temperature had significant positive correlation during both years. While, Minimum temperature had non-significant positive correlation during 2023-24 but significant positive correlation during 2024-25. Relative humidity (maximum) had negative non-significant correlation during 2023-24 but it had negative significant correlation during 2024-25. Relative humidity minimum had significant negative correlation during both the years. However, rainfall had slightly positive non-significant correlation during 2023-24 while negative significant correlation found during 2024-25 (Table 3). The present findings are supported by the findings of Sagar et al. (2017) who reported that peak larval populations of H. armigera was observed during March, i.e. 11th standard meteorological week (SMW). Similar findings were also reported by Ray and Banerjee (2022) and Naveen and Ghosh (2020) who found that the peak larval population of H. armigera during March at 11th standard meteorological week (SMW). The results obtained in the present study were also similar with the results of Meena and Bhatiya (2014). These findings are also in line with Sagar et al. (2017) and Nitharwal et al. (2016) who reported that H. armigera had a significant positive correlation with maximum and minimum temperature. However, morning relative humidity and evening relative humidity were negatively correlated with the gram pod borer population. The present findings are in confirmation with Pandey (2012) who reported that “H. armigera had significant positive correlation with minimum and maximum temperature. The larval population showed non-significant negative correlation with rainfall”. Ray and Banerjee (2022) also reported that “H. armigera had a significant positive correlation with minimum and maximum temperatures, whereas the association was found to hold a significant negative correlation with morning and evening relative humidity”. Ragni et al. (2024) reported that “the gram pod borer, Helicoverpa armigera commenced from the first fortnight of November and touched the highest at 8th SMW (2.98 pod borer larvae per plant) and 7th SMW (3.54 pod borer larvae per plant) in both the year, respectively. The population of H. armigera had a non-significant positive correlation with rainfall (r = 0.101) in Rabi 2022-23. The population of H. armigera had a significant positive correlation with wind speed (r = 0.495*) in Rabi 2023-24”. Tomar et al. (2023) reported “the egg and larval population of gram pod borer (Helicoverpa armigera) were first observed on vegetative stages at 49th SW (i.e. 3rd to 9th December) and 50th SW (i.e. 10th to 16th December), respectively and were available till the maturity of crop with two peaks i.e. first and second peak at 3rd SW and at 9th SW, respectively. The result of correlation studies revealed that both number of eggs and larval populations were found significant positively correlated with maximum temperature and evaporation. While, both of these egg numbers and larval populations were found to be significant negatively correlated with morning RH”.
3.2 Cut worm, Agrotis ipsilon (Hufnagel)
The mean number of damaged plants per sq m. by cutworm was noticed for first time during 50th standard meteorological week during both years of experiment and stayed active till 3rd SMW and 4th SMW during 2023-24 and 2024-25, respectively. The minimum mean number of damaged plants per sq m. by cutworm was 0.50 and 0.10 recorded at 1st and 52nd standard meteorological week during Rabi, 2023-24 and 2024-25, respectively, when the maximum temperatures were 16.80 ˚C and 22.40 ˚C, minimum temperatures were recorded at, 10.00 ˚C and 11.70 ˚C, relative humidity (maximum) were 95.00 and 91.40 per cent and relative humidity minimum was 81.00 and 66.80 per cent whereas, 11.20 mm and 0.20 mm rainfall was recorded, respectively during both years. The gram cut worm activity increased and reached its peak at 52nd and 1st standard meteorological week with 1.67 and 2.00 mean number of damaged plants per sq m. by cutworm when the maximum temperatures were 19.90 ˚C and 15.20 ˚C and minimum temperatures were 8.30 ˚C and 7.30 ˚C, relative humidity maximum were 95.00 and 91.00 per cent and relative humidity minimum were 69.00 and 79.00 per cent whereas, 0.00 mm rainfall was recorded during Rabi, 2023-24 and 2024-25, respectively. (Table 1 and Table 2)
Correlation (r) coefficient of Agrotis ipsilon (Hufnagel) with different meteorological parameters, maximum and minimum temperature had significant negative correlation during both years. Relative humidity (maximum) had positive non-significant correlation during 2023-24 but it had positive significant correlation during 2024-25. Relative humidity (minimum) had significant positive correlation during both the years. However, rainfall had negative non-significant correlation during 2023-24 while positive non-significant correlation during 2024-25 (Table 3). Present investigations are also in agreement with the findings of Naresh and Malick (1989) who reported the gram cut worm, Agrotis ipsilon infestation on chickpea in Haryana, (India). This is in also accordance with the findings of Lal (1996) found that “the Agrotis ipsilon appear during the seedling stage”. This agrees with the findings of Mari (2013) who recorded “the two insect pests, Helicoverpa armigera and Agrotis ipsilon and four natural enemies were recorded from the experimental plots”. The present findings are also in agreement with Mishra et al. (2021) who reported that Agrotis ipsilon population had significant negative correlation with maximum and minimum temperature and positive correlation with relative humidity (maximum and minimum) in the chickpea agroecosystem.




Table 1 Population dynamics of Helicoverpa armigera and Agrotis ipsilon in relation to abiotic factors during Rabi, 2023-24
	Standard Week
	Mean larval population of H. armigera/plant
	Mean no. of damaged plants/sq m. by cutworm
	Temperature (˚C)
	Relative Humidity (%)
	Rainfall (mm)

	
	
	
	Max.
	Min.
	Max.
	Min.
	

	49
	0.20
	0.00
	24.20
	13.20
	92.00
	65.00
	11.80

	50
	0.50
	0.67
	24.60
	8.40
	94.00
	46.00
	0.00

	51
	0.30
	1.33
	22.70
	7.60
	90.00
	47.00
	0.00

	52
	0.20
	1.67
	19.90
	8.30
	95.00
	69.00
	0.00

	1
	0.40
	0.50
	16.80
	10.00
	95.00
	81.00
	11.20

	2
	0.20
	0.90
	16.40
	5.50
	96.00
	72.00
	0.00

	3
	0.10
	1.33
	12.50
	5.30
	92.00
	77.00
	0.00

	4
	0.00
	0.00
	17.70
	5.10
	95.00
	63.00
	0.00

	5
	0.40
	0.00
	23.10
	9.00
	92.00
	55.00
	0.00

	6
	0.90
	0.00
	21.50
	9.30
	88.00
	54.00
	26.80

	7
	1.00
	0.00
	26.00
	10.10
	92.00
	48.00
	0.00

	8
	1.30
	0.00
	26.50
	11.60
	87.00
	45.00
	0.60

	9
	0.80
	0.00
	25.50
	13.50
	83.00
	51.00
	32.20

	10
	1.30
	0.00
	26.40
	10.80
	73.00
	40.00
	0.00

	11
	1.60
	0.00
	30.00
	13.30
	78.00
	36.00
	0.00

	12
	1.10
	0.00
	30.80
	14.00
	75.00
	37.00
	0.00

	13
	0.70
	0.00
	35.80
	20.00
	67.00
	31.00
	0.00

	14
	0.50
	0.00
	37.40
	18.60
	50.00
	20.00
	0.00





Fig. 1 Graph showing the population dynamics of Helicoverpa armigera and Agrotis ipsilon in relation to abiotic factors during Rabi, 2023-24
Table 2 Population dynamics of Helicoverpa armigera and Agrotis ipsilon in relation to abiotic factors during Rabi, 2024-25
	Standard Week
	Mean larval population of H. armigera/plant
	Mean no. of damaged plants/sq m. by cutworm
	Temperature (˚C)
	Relative Humidity (%)
	Rainfall (mm)

	
	
	
	Max.
	Min.
	Max.
	Min.
	

	49
	0.00
	0.00
	26.80
	10.00
	80.00
	34.00
	0.00

	50
	0.00
	1.00
	23.40
	7.30
	80.00
	33.00
	0.00

	51
	0.30
	1.67
	24.40
	6.10
	90.00
	45.20
	0.00

	52
	0.10
	0.10
	22.40
	11.70
	91.40
	66.80
	0.20

	1
	0.20
	2.00
	15.20
	7.30
	91.00
	79.00
	0.00

	2
	0.10
	1.00
	19.10
	6.60
	95.00
	61.10
	0.30

	3
	1.00
	0.67
	21.70
	9.20
	90.00
	60.00
	0.00

	4
	1.10
	0.33
	24.50
	8.20
	83.00
	36.00
	0.00

	5
	1.15
	0.00
	27.20
	9.20
	91.00
	39.00
	0.00

	6
	1.23
	0.00
	25.80
	10.10
	75.00
	38.00
	0.00

	7
	1.30
	0.00
	28.10
	11.80
	80.00
	38.00
	0.00

	8
	1.35
	0.00
	27.80
	11.70
	84.00
	39.00
	0.00

	9
	1.36
	0.00
	29.40
	14.90
	80.00
	41.00
	0.00

	10
	1.40
	0.00
	29.70
	11.90
	70.00
	31.00
	0.00

	11
	1.39
	0.00
	33.40
	17.40
	72.00
	32.00
	0.00

	12
	1.30
	0.00
	32.90
	13.30
	73.00
	32.00
	0.00

	13
	1.10
	0.00
	36.00
	15.80
	59.00
	41.00
	0.00

	14
	1.00
	0.00
	38.10
	18.10
	57.00
	26.00
	0.00


	

Fig. 2 Graph showing the population dynamics of Helicoverpa armigera and Agrotis ipsilon in relation to abiotic factors during Rabi, 2024-25
Table 3 Correlation between larval population of Helicoverpa armigera and Agrotis ipsilon with meteorological parameters during Rabi, 2023-24 and 2024-25
	Season
	Meteorological Parameters
	H. armigera
Correlation coefficient (r) 2023-24
	H. armigera
Correlation coefficient (r) 2024-25
	A. ipsilon
Correlation coefficient (r) 2023-24
	A. ipsilon
Correlation coefficient (r) 2024-25

	Rabi, 2023-24 and 2024-25
	Maximum Temperature (˚C)
	0.551*
	0.613**
	-0.566*
	-0.708**

	
	Minimum Temperature (˚C)
	0.439NS
	0.584*
	-0.548*
	-0.684**

	
	Relative humidity max. (%)
	-0.411NS
	-0.471*
	0.435NS
	0.527*

	
	Relative humidity min. (%)
	-0.604**
	-0.505*
	0.515*
	0.623**

	
	Rainfall (mm)
	0.060NS
	-0.485*
	-0.248NS
	0.148NS

	* Correlation is significant at the 0.05 level.

	** Correlation is significant at the 0.01 level.

	NS- Non significant



SUMMARY AND CONCLUSION
The larval population of H. armigera (Hubner) was noticed for first time during 49th standard meteorological week and 51st standard meteorological week during Rabi, 2023-24 and 2024-25, respectively. The minimum larval population of H. armigera (Hubner) was 0.10 larva per plant recorded during 3rd and 52nd standard meteorological week of Rabi, 2023-24 and 2024-25, respectively, when the maximum temperature was 12.50 ˚C and 22.40 ˚C, minimum temperature was recorded at, 5.30 ˚C and 11.70 ˚C, relative humidity (maximum) was 92.00 and 91.40 per cent and relative humidity (minimum) was 77.00 and 66.80 per cent whereas, rainfall was recorded 0.00 mm and 0.20 mm, respectively. The gram pod borer activity increased gradually and reached its peak at 11th and 10th standard meteorological week with 1.60 and 1.40 larvae per plant when the maximum temperatures were (30.00 ˚C and 29.70 ˚C) and minimum temperatures were (13.30 ˚C and 11.90 ˚C), relative humidity (maximum) were 78.00 and 70.00 per cent) and relative humidity (minimum) were (36.00 and 31.00 per cent) whereas, no rainfall was observed during Rabi, 2023-24 and 2024-25, respectively.
Correlation (r) coefficient of H. armigera (Hubner) with different meteorological parameters, maximum temperature had significant positive correlation (r = 0.551*, r = 0.613**) during both years. While, Minimum temperature had non-significant positive correlation (r = 0.439NS) during 2023-24 but significant positive correlation (r = 0.584*) during 2024-25. Relative humidity (maximum) had negative non-significant correlation (r = -0.411NS) during 2023-24 but it had negative significant correlation (r = -0.471*) during 2024-25. Relative humidity (minimum) had significant negative correlation (r = -0.604**, r = -0.505*) during both the years. However, rainfall had slightly positive non-significant correlation (r = 0.060NS) during 2023-24 while negative significant correlation (r = -0.485*) during 2024-25.
The mean number of damaged plants per sq m. by cutworm (Agrotis ipsilon) was noticed for first time at 50th standard meteorological week during both years of experiments. The minimum mean number of damaged plants per sq m. by cutworm was 0.50 and 0.10 recorded during 1st and 52nd standard meteorological week of Rabi, 2023-24 and 2024-25, respectively, when the maximum temperatures were 16.80 ˚C and 22.40 ˚C, minimum temperatures were recorded at, 10.00 ˚C and 11.70 ˚C, relative humidity (maximum) were 95.00 and 91.40 per cent and relative humidity (minimum) was 81.00 and 66.80 per cent whereas, rainfall was recorded 11.20 mm and 0.20 mm, respectively. The gram cut worm activity increased gradually and reached its peak at 52nd and 1st standard meteorological week with 1.67 and 2.00 damaged plants per sq m. by cutworm when the maximum temperatures were 19.90 ˚C and 15.20 ˚C and minimum temperatures were 8.30 ˚C and 7.30 ˚C, relative humidity (maximum) were 95.00 and 91.00 per cent and relative humidity (minimum) were 69.00 and 79.00 per cent whereas, no rainfall was recorded during Rabi, 2023-24 and 2024-25, respectively.
Correlation (r) coefficient of Agrotis ipsilon (Hufnagel) with different meteorological parameters, maximum temperature (r = -0.566*, r = -0.708**) and minimum temperature (r = -0.548*, r = -0.684**) had significant negative correlation during both years. Relative humidity (maximum) had positive non-significant correlation (r = 0.435NS) during 2023-24 but it had positive significant correlation (r = 0.527*) during 2024-25. Relative humidity (minimum) had significant positive correlation (r = 0.515*, r = 0.623**) during both the years. However, rainfall had negative non-significant correlation (r = -0.248NS) during 2023-24 while positive non-significant correlation (r = 0.148NS) during 2024-25.
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