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Succession of Major Insect Pests and their Natural Enemies on Soybean in Malwa Region of Madhya Pradesh, India
[bookmark: _GoBack]ABSTRACT
The present study was conducted during Kharif- 2024 at the Experimental Research Farm, R.A.K. College of Agriculture, Sehore (M.P.). The primary objectives were to document the succession of major insect pests and theirnatural enemies in soybean and to assess the influence of meteorological parameters onpest dynamics. The key insect pests observed were stem fly (Melanagromyza sojae), girdle beetle (Obereopsis brevis), tobacco caterpillar (Spodoptera litura), semilooper (Chrysodeixis acuta), and gram pod borer (Helicoverpa armigera) along with natural enemies such as the ladybird beetle (Coccinell aseptempunctata) and spiders. Girdle beetle infestation initiated in the 31st Standard Meteorological Week, peaking at40.20% plant infestation in the 39thSMW. The stem fly appeared in the 31st SMW,reaching a maximum infestation of 72% and 46.70% tunneling in the 40th SMW. The highest population of tobacco caterpillar (2.70 larvae/mrl) and green semilooper (4.90larvae/mrl) were recorded in the 35th SMW, while the gram pod borer peaked (4.10larvae/mrl) in the 36th SMW. The ladybird beetle and spider populations peaked in the35th and 38th SMWs, respectively, underscoring their role in natural pest control. Correlation analysis revealed a significant negative relationship between relative humidity and the populations of green semilooper and gram pod borer. Similarly, populations of tobacco caterpillar, lady bird beetle and spider showed significant negative correlations with both relative humidity and rainfall. These findings provide valuable insights into pest dynamics and can support the development of more effective, ecologically based pest management strategies for soybean cultivation.
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[bookmark: _Hlk187797477]Introduction
Soybean [Glycine max (L.) Merrill], a member of the Leguminosae family and the subfamily Papilionoideae, is a valuable oilseed crop in India. Known for its exceptional nutritional profile, it is often referred to by names such as the ‘Miracle Bean’, ‘Wonder Crop’, ‘Yellow Jewel’, ‘Golden Bean’ and ‘Crop of the Planet’. 
Soybean is predominantly cultivated in Brazil, the United States, China,India, Canada, Russia, Mexico, and Japan. Global soybean production in 2023was estimated at 371.11 million tonnes on an area of 136.9 million hectarehaving productivity of 2711 kg per hectare. For the 2023-24 period in India,soybean was cultivated on 130.84 lakh hectares, yielding 14.98 million tonneswith a productivity of 1145 kg/ha (FAOSTAT, 2023). Madhya Pradesh led thestates with 53.35 lakh hectares under soybean cultivation (Indiastat, 2023).
The primary borer pests affecting soybean crops are the girdle beetle (Obereopsis brevis) and the stem fly (Melanagromyza sojae). Although the stem fly can attack soybeans throughout the growing season, the crop is most vulnerable during the three to four weeks after germination. This pest can reduce grain yield by about 33% (Singh and Singh, 1992), and its larvae can tunnel through up to 70% of the stem length (Singh and Singh, 1990).
The tobacco caterpillar (Spodoptera litura), green semilooper, and grey semilooper are among the most common defoliating insects affecting soybean crops. The immature stages (larvae or caterpillars) of Spodoptera litura and the green semilooper damage the crop during its vegetative phase. In severe infestations, these pests can completely defoliate the plants, leading to substantial reductions in yield. Additionally, Spodoptera litura larvae can cause direct damage to soybean pods (Chaturvedi et al., 1998 and Sastawa et al., 2004).
The girdle beetle poses a significant threat to soybean crops. The femaleadult beetle creates two girdles on the stem, petiole, and central leaflet stalk ofsoybean plants, cutting three holes between them. As the grub feeds, it hollowsout the stem down to the plant’s base. This tunneling can result in grain weightreductions of 66.69% to 85.35%. Considerable research has been conducted on the seasonal patterns and control methods for major soybean pests, including various insecticide groups.
Materials and Methods
The investigations on succession of insect pests and their natural enemies on soybean (Glycine max (L.) Merrill) was carried out at R.A.K College of Agriculture, Sehore, RVSKVV, Gwalior (M.P) during Kharif 2024 with soybean variety- JS-335. It was sown on 07June, 2024 and Plot size measured 15 m × 15 m with a row to rowand plant spacing of 40cm × 7cm. After germination all the cultural practices were performed throughout the growing season; however insecticides were not sprayed in and around the experiment area. 
Observation of the number of girdled plants by girdle beetle was recorded from one-meter row length at three places at weekly intervals starting from the initiation till harvest of the crop. The pest incidence was recorded by counting healthy and damaged plants affected by the girdle beetle, and the data was calculated in percentage.

The observation of stem fly was recorded on three randomly selected plants at weekly intervals, starting from the initiation of infestation until the harvest of the crop. To record the tunneling caused by the maggot of the stem fly, the plants were uprooted and opened vertically. Plant height (cm) and tunneled length (cm) were measured for calculating percent tunneling. The data thus obtained was also converted into percentage.

The population of different defoliators larvae was recorded with one meter row length by shacking the plants on muslin cloth in three places and mean was calculated.
The population of natural enemies like ladybird beetle and spider was recorded on 10 randomly selected plants at weekly intervals, starting from their appearance until the harvest of the crop. Weekly data on meteorological parameters were collected from the meteorological observatory of the college and their correlation with population of semilloper, gram pod borer and tobacco caterpillar and their natural enemies of the soybean crop was analyzed.
Results and Discussion
Succession of major insect pests and their natural enemies on soybean
	Weekly observation on insect pest succession presented in Table 1 reveals that seven species of insects were observed to be associated with various stages of the soybean crop, during Kharif-2024. These were girdle beetle, stemfly, green semilooper, tobacco caterpillar, gram pod borer, lady bird beetle and spider.
	During vegetative stage from 17 to 37thdays, spider, girdle beetle, green semilooper, tobacco caterpillars, stem fly, gram pod borer, and lady bird beetle were observed. During reproductive stage from 44 to 72 days, spider, girdle beetle, green semilooper, tobacco caterpillars, stem fly, gram pod borer, lady bird beetle were observed. During maturity stage from 79 to 86 days, spider, girdle beetle, green semilooper, tobacco caterpillars, stem fly, gram pod borer, lady bird beetle were observed. Similarly Ahirwar et al. (2015) observed that the major insect pests attacking soybean variety, JS-335 were girdle beetle (O. brevis), tobacco caterpillar (S. litura) and green semilooper (C. acuta).
Population and incidence of major insect pests 
Girdle beetle:
The girdle beetle was appeared at vegetative stage (30th DAS) of the crop in the field and continued till the maturity of the crop. Present findings are in accordance with Sapekar et al. (2020), as they have also reported girdle beetle, O. brevis, of soybean. Tomar and Bhargawa (2018) also reported that the girdle beetle was major pest of soybean. The girdle beetle infestation was first noted on the 31st Standard Meteorological Week (SMW) and persisted in infesting the crop until 39th SMW). Data showed that the girdle beetle infestation started afterthe last week of July 31stSMW with 2.70 percent ofinfected plants. Over the following few weeks, the incidence grew progressively, reaching a maximum of 40.20 percent infested plants during the 39th SMW.Maximum temperature recorded this week was 31.1 ºC, minimum temperaturewas 22.9 ºC, and the relative humidity, rainfall, were 96%, 55.3 mm, respectively. Present findings are in accordance with Netam et al. (2013) observed that the insects madetheir first appearance on the crop to a greater or lesser extent in the last weekof July. Similarly Kushram (2016) who has reported that the activity of girdle beetle increased gradually with peak density during the fourth week of September recorded 1.2 girdle beetle damaged plants/meter row with aseasonal mean of 0.23 number of girdle beetle damaged plants. Sapekar et al. (2020) recorded that the first appearance of girdle beetle was started fromlast week of July with 0.33/mrl during 31st SMW, peak population found (3 beetles/mrl) during 38th SMW and continue up to the harvesting. Raghuvanshi et al. (2014) showed that the infestation of girdle beetle was started from second week ofAugust and continued till harvest. Ahirwar et al. (2015) observed that the peak activity of girdle beetle (1.0damaged plant per meter row) was observed during first week of October. Tomar and Bhargawa (2018) who has reported that thehighest mean level of girdle beetle (9.7 larvae/ mrl) during month of September. 
Stem fly:
The stem fly was appeared at vegetative stage (30th DAS) of the crop in the field and continued till the maturity of the crop. Suyal et al. (2018) found that stem fly infestation continued until the crop reached maturity. Similarly, Ahirwar et al. (2014); Kambrekar et al. (2018) and Kumar et al. (2019) also reported that the stem fly was major pest of soybean. Prabhu Nayaka et al., (2012) also reported that maximum stem fly infestation (36.34 to 40.69%) and Stem tunnelling (20.99 to 28.99%) during early vegetative and growth stage of soybean crop was noticed in Belgaum district during, 2010-11 and 2011-12.Stem fly infestation was first noted on the 31st Standard Meteorological Week and persisted in infesting the crop until harvest or until the 40th SMW. Data revealed that the damage of pest first appeared withan infestation 11% and average per cent tunneling of 3.00% during 31st SMW. Following the appearance of stem flies, there was an increasing trend in thepercentage of infestation and stem tunneling, which peaked at the 40thSMW with 72% and 46.70 percent of infestation, respectively. Present findings are in accordance with Ahirwar et al. (2014) as a they reported that the first infested plants 4.4% at 31st SMW were due to stemfly. Similarly Kumar et al. (2019) observed that the population of stem fly infested soybean crop throughout the crop season but initially infestation was low and reached its peak in the last week of September 2017. The infestation of stemfly started in 1st week of August. Plant infestation by the stemfly was continued up to harvest of the crop.
Tobacco caterpillar:
The tobacco caterpillar also appeared at vegetative stage (37th DAS) of the crop and continued till the maturity of the crop damaging the foliage of soybean crop. Present findings are in accordance with Ahirwar et al. (2015); Karam et al. (2014); Sapekar et al. (2020); Patel et al (2016); Rameshbabu et al. (2015) and Biswas (2013) who also reported S. litura, a serious phytophagous pest of soybean. The infestation of tobacco caterpillar on soybean crop was started from32nd standard week and continued till 39th SMW. The tobacco caterpillar population during activity period ranged from 0.60 to 2.70 larvae/mrl. The peak population of tobacco caterpillar (2.70 larvae/mrl) was recorded in 35th SMW, when minimum and maximum temperature, 23.1oC and 31.7oC, relative humidity, 93% and rainfall 30.2 mm, respectively.Present finding similarly with Raghuvanshi et al. (2014) reported that the infestation of tobaccocaterpillar was started from second week of August. Rameshbabu et al. (2015) observed that the moth populations of S. litura was active from August to mid-October and decreased sharply in late October.The peak appearance was observed during September- October months.Brahman et al. (2018) and Sarvesh et al. (2018)who has reported that the peak activity of Spodoptera litura during month of September. Sapekar et al. (2020) recorded that the first appearance of tobacco caterpillar during 31st standard week (0.66 larvae/mrl) and recorded highest population (3.66 larvae/mrl) during 36th SMW. Netam et al. (2013) observed that the density of lepidopterouscaterpillars increased gradually with peak population of 5.0 larvae per meter row during the last week of August (35th SMW).
Green semilooper:
The green semilooper was appeared at vegetative stage (17th DAS) of the crop in the field and continued till the maturity of the crop. Thus, the pest was present during different stages of the crop and caused damage to foliage, flowers and pods. Present findings are in accordance with Sapekar et al. (2020); Netam et al. (2013); Brahman et al. (2018) and Raghuvanshi et al. (2014) as they have also reported green semilooper C. acuta as pest of flowers and pods of soybean. The pest marked its first appearance during 30th SMW with initial mean population of 0.44 larvae/mrl followed a gradual increase and attained peak population with 4.90 larvae/mrl at 35th SMW. At the time of peak population of green semilooper, minimum and maximum temperature, 23.1oC and 31.7oC, relative humidity, 93% and rainfall 30.2 mm, respectively. Present finding similarly with Raghuvanshi et al. (2014) reported that the infestation of green semilooper was started from third week of July (30th SMW). Tomar and Bhargawa (2018) recorded that the highest green semilooper (5.8 larvae/ mrl) during lastweek of August and first week of September 35th SMW. Sapekar et al. (2020) reported that the first appearance of semilooper was started after 20 days of sowing 0.66 larvae/mrl. The incidence peak population recorded (7.66 larvae/mrl) during 35th SMW. Ahirwar et al. (2014) reported that the peak larval population of green semilooper (C. acuta) was recorded (9.97 larvae/mrl and 100% foliar damage) at 34th SMW. Kumar and Yadav (2021) showed that the C. acuta (3.00 larval/mrl), reached peak from 31st to 35th Standard Meteorological Week.
Gram pod borer:
The gram pod borer also appeared at vegetative stage (30th DAS) of the crop and continued till the maturity of the crop damaging the foliage of soybean crop. Present findings are in accordance with Sarvesh et al. (2018) and Karam et al. (2014) who also reported H. armigera as pest of flowers and pods of soybean. The population buildup of gram pod borer during 31st SMW with 0.66 larvae/mrl and gradually attained maximum (4.10 larvae/mrl) during 36th SMW. At the time of peak population of gram pod borer, minimum and maximum temperature, 23.4 oC and 30.9 oC, relative humidity, 92% and rainfall 50.5 mm, respectively. Population gradually decreased from 37th standard week onwards. Similarly Netam et al. (2013) reported that the density of lepidopterous caterpillars increased gradually with peak population of 5.0 larvae per meterrow during the last week of August (35th SMW).
Population and incidence of natural enemies:
Lady bird beetle:
The lady bird beetle appeared at vegetative stage (37th DAS) of the crop and continued till the maturity stage (86th DAS) of the crop and spider appeared at vegetative stage (17th DAS) of the crop and continued till the maturity stage (86th DAS) of the crop. Present findings are in accordance with Ahirwar et al. (2015); Patil et al. (2015); Kushram (2016), Patel et al. (2016) and Naik et al. (2021) who reported that the lady bird beetle was natural enemy of insect pest of soybean. 
The data revealed that the lady bird beetle made their first appearance on the crop during 31st standard week with 0.2 beetles per plant. They wereobserved feeding on nymphs and adults of thrips and whiteflies. Their activity continued till 40th standard week and peak activity was observed in 35th standard week with 1.4 beetles per plant. Meteorological data associated withthe peak population on 35th SMW, minimum and maximum temperature, 23.1oC and 31.7 oC, relative humidity, 93% and rainfall 30.2 mm, respectively. Ahirwar et al. (2015) and Kushram (2016) reported that the population of lady bird beetle, Coccinella septumpunctata was found predating mainly upon whiteflies and jassids. The peak activity of lady bird beetle was noticed in the month August and September.Kumar and Yadav (2021) noticed that the reached peak of Coccinella septempunctata (1.40/plant) from 31st to 35th Standard Meteorological Week.
Spider:
The spider made their first appearance on the crop during 30th standardweek with 0.3 spiders per plant. It coincided with the appearance of host insectson the crop. Their activity continued till 40th standard week and peak activitywas observed in 38th standard week with 1.9 spiders per plant, when minimum and maximum temperature, 21.7oC and 31.2oC, relative humidity, 92% andrainfall 9.2 mm, respectively. Similarly Ahirwar et al. (2015) who has reported that the predatory spider with 1.1spider per plantin last week of August.
Correlation studies 
Insect pests:
The population of tobacco caterpillar larvae per meter row length correlation showed a negative significant association with relative humidity (r=-0.807**) and rainfall (r = -0.627*),respectively. According to Brahman et al. (2018) correlation studies ofthe larval population of tobacco caterpillar demonstrated a negative connectionwith relative humidity and rainfall.
The population of green semilooper larvae per meter row length correlation showed a negative significant association with relative humidity (r=-0.629*). The current results are consistent with Rathor et al. (2024), whoreported that correlation studies of the larval population of green semiloopers demonstrated a substantial negative connection with relative humidity.
The population of gram pod borer larvae per meter row lengthshowed a negative significant association with relative humidity (r=- 0.829**). According to Rathor et al., (2024) correlation studies of the larvalpopulation of gram pod borer demonstrated a negative connection with relative humidity.
Natural enemies:
The results of lady bird beetle and spider population on soybean crop indicated that the relative humidity (r=0.606*) and rainfall (r= -0.612*) showed highly significant negative correlation and spider population on soybean cropindicated that the relative humidity (r=-0.924**) and rainfall (-0.744**), the present findings is more or less similar with Naik et al., (2021).
Conclusion
	The study on the succession of insect pest complexes and their natural in soybean during Kharif- 2024 revealed that pest incidence varied significantly across the crop growth stages and was influenced by prevailing meteorological conditions. Among the major insect pests, stem fly and girdle beetle caused substantial damage during early to mid-growth stages, while defoliators such as tobacco caterpillar, green semilooper and gram pod borer were more prominent during the vegetative and reproductive phases. Natural enemies like ladybird beetles and spiders were found to play a significant role in regulating pest populations with their peak occurrences aligning closely with those of major pests. Correlation analysis emphasized that relative humidity and rainfall had a significant negative impact on the populations of key defoliators and natural enemies. The findings underscore the importance of continuous pest monitoring and the integration of weather based forecasting models for timely and effective pest management. Enhancing the role of natural enemies through conservation biological control strategies could also contribute to sustainable soybean production.  
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Table 1: Succession of insect pests on soybean during Kharif -2024
	Date of Observation
(Year 2024)
	Insects
	Crop age
(DAS)
	Crop Stage

	
	Common Name
	Scientific name
	Order
	Family
	
	

	23 - 29 July
	Green semilooper
	Chrysodecxis acuta
	Lepidoptera
	Noctuidae
	17
	VS

	
	Spider
	Oxyopess atticus
	Araneae
	Oxyopidae
	
	

	30 July-5 August 
	Green semilooper
	Chrysodecxis acuta
	Lepidoptera
	Noctuidae
	30
	VS

	
	Spider
	Oxyopess atticus
	Araneae
	Oxyopidae
	
	

	
	Girdle beetle
	Obereopsis brevis
	Coleoptera
	Cerambycidae
	
	

	
	Stem fly
	Ophiomyia phaseoli
	Diptera
	Agromyzidae
	
	

	
	Gram pod borer
	Helicoverpa armigera
	Lepidoptera
	Noctuidae
	
	

	
	Lady Bird Beetle
	Coccinellidae beetle
	Coleoptera
	Coccinellidae
	
	

	6 - 12 August
	Green semilooper
	Chrysodecxis acuta
	Lepidoptera
	Noctuidae
	37
	VS

	
	Spider
	Oxyopess atticus
	Araneae
	Oxyopidae
	
	

	
	Girdle beetle
	Obereopsis brevis
	Coleoptera
	Cerambycidae

	
	

	
	Stem fly
	Ophiomyia phaseoli
	Diptera
	Agromyzidae
	
	

	
	Gram pod borer
	Helicoverpa armigera
	Lepidoptera
	Noctuidae
	
	

	
	Lady Bird Beetle
	Coccinellidae beetle
	Coleoptera
	Coccinellidae
	
	

	
	Tobacco caterpillar
	Spodoptera litura
	Lepidoptera
	Noctuidae
	
	

	13 -19 August
	Green semilooper
	Chrysodecxi s acuta
	Lepidoptera
	Noctuidae
	44
	RS

	
	Spider
	Oxyopess atticus
	Araneae
	Oxyopidae
	
	

	
	Girdle beetle
	Obereopsis brevis
	Coleoptera
	Cerambycidae
	
	

	
	Stem fly
	Ophiomyia phaseoli
	Diptera
	Agromyzidae
	
	

	
	Gram pod borer
	Helicoverpa armigera
	Lepidoptera
	Noctuidae
	
	

	
	Lady Bird Beetle
	Coccinellidae beetle
	Coleoptera
	Coccinellidae
	
	

	
	Tobacco caterpillar
	Spodoptera litura
	Lepidoptera
	Noctuidae
	
	

	20 -26 August
	Green semilooper
	Chrysodecxis acuta
	Lepidoptera
	Noctuidae
	51
	RS

	
	Spider
	Oxyopess atticus
	Araneae
	Oxyopidae
	
	

	
	Girdle beetle
	Obereopsis brevis
	Coleoptera
	Cerambycidae
	
	

	
	Stem fly
	Ophiomyia phaseoli
	Diptera
	Agromyzidae
	
	

	
	Gram pod borer
	Helicoverpa armigera
	Lepidoptera
	Noctuidae
	
	

	
	Lady Bird Beetle
	Coccinellidae beetle
	Coleoptera
	Coccinellidae
	
	

	
	Tobacco caterpillar
	Spodoptera litura
	Lepidoptera
	Noctuidae
	
	

	27August- 2 September
	Green semilooper
	Chrysodecxis acuta
	Lepidoptera
	Noctuidae
	58
	RS

	
	Spider
	Oxyopess atticus
	Araneae
	Oxyopidae
	
	

	
	Girdle beetle
	Obereopsis brevis
	Coleoptera
	Cerambycidae
	
	

	
	Stem fly
	Ophiomyia phaseoli
	Diptera
	Agromyzidae
	
	

	
	Gram pod borer
	Helicoverpa armigera
	Lepidoptera
	Noctuidae
	
	

	
	Lady Bird Beetle
	Coccinellidae beetle
	Coleoptera
	Coccinellidae
	
	

	
	Tobacco caterpillar
	Spodoptera litura
	Lepidoptera
	Noctuidae
	
	

	03 - 09 September 
	Green semilooper
	Chrysodecxis acuta
	Lepidoptera
	Noctuidae
	65
	RS

	
	Spider
	Oxyopess atticus
	Araneae
	Oxyopidae
	
	

	
	Girdle beetle
	Obereopsis brevis
	Coleoptera
	Cerambycidae
	
	

	
	Stem fly
	Ophiomyia phaseoli
	Diptera
	Agromyzidae
	
	

	
	Gram pod borer
	Helicoverpa armigera
	Lepidoptera
	Noctuidae
	
	

	
	Lady Bird Beetle
	Coccinellidae beetle
	Coleoptera
	Coccinellidae
	
	

	
	Tobacco caterpillar
	Spodoptera litura
	Lepidoptera
	Noctuidae
	
	

	10 -16 September 
	Green semilooper
	Chrysodecxis acuta
	Lepidoptera
	Noctuidae
	72
	RS

	
	Spider
	Oxyopess atticus
	Araneae
	Oxyopidae
	
	

	
	Girdle beetle
	Obereopsis brevis
	Coleoptera
	Cerambycidae
	
	

	
	Stem fly
	Ophiomyia phaseoli
	Diptera
	Agromyzidae
	
	

	
	Gram pod borer
	Helicoverpa armigera
	Lepidoptera
	Noctuidae
	
	

	
	Lady Bird Beetle
	Coccinellidae beetle
	Coleoptera
	Coccinellidae
	
	

	
	Tobacco caterpillar
	Spodoptera litura
	Lepidoptera
	Noctuidae
	
	

	17 - 23 September
	Green semilooper
	Chrysodecxisacuta
	Lepidoptera
	Noctuidae
	79
	MS

	
	Spider
	Oxyopessatticus
	Araneae
	Oxyopidae
	
	

	
	Girdle beetle
	Obereopsis brevis
	Coleoptera
	Cerambycidae
	
	

	
	Stem fly
	Ophiomyia phaseoli
	Diptera
	Agromyzidae
	
	

	
	Gram pod borer
	Helicoverpa armigera
	Lepidoptera
	Noctuidae
	
	

	
	Lady Bird Beetle
	Coccinellidae beetle
	Coleoptera
	Coccinellidae
	
	


	   24 - 30 September
	Tobacco caterpillar
	Spodoptera litura
	Lepidoptera
	Noctuidae
	86
	MS

	
	Spider
	Oxyopess atticus
	Araneae
	Oxyopidae
	
	

	
	Girdle beetle
	Obereopsis brevis
	Coleoptera
	Cerambycidae
	
	

	
	Stem fly
	Ophiomyia phaseoli
	Diptera
	Agromyzidae
	
	

	
	Gram pod borer
	Helicoverpa armigera
	Lepidoptera
	Noctuidae
	
	

	
	Lady Bird Beetle

	Coccinellidae beetle
	Coleoptera
	Coccinellidae
	
	



DAS: Days after sowing, RS: Reproductive stage, MS: Maturity stage
















Table 2: Succession of insect pests and natural enemies on soybean variety JS-335 during 2024
	SMW
	Meteorological data
	Infested plant due to Girdle beetle % plant/mrl
	Stem fly
	Population of defoliators No. of larvae/mrl
	Population of natural enemies/plant

	
	Max Temp (°C) 
	Min Temp (°C) 
	RH (%)
	Rainfall (mm)
	
	% plant inf./mrl
	% stem tunneling
	Tobacco caterpillar
	Green semilooper
	Gram pod borer
	C. beetle
	Spider

	30
	28.2
	24.2
	97
	241.4
	-
	-
	-
	-
	0.44
	-
	-
	0.30

	31
	27.4
	23.3
	96
	189.7
	2.70
	11.00
	3.00
	-
	0.55
	0.66
	0.20
	0.60

	32
	28.2
	23.3
	95
	45.5
	5.60
	19.00
	4.10
	0.60
	1.60
	1.00
	0.70
	0.80

	33
	29.6
	23.8
	94
	27.4
	8.33
	22.00
	6.80
	1.00
	3.30
	1.33
	0.40
	1.20

	34
	29.1
	23.8
	95
	83.0
	6.50
	20.00
	9.20
	0.80
	2.30
	1.00
	0.90
	0.90

	35
	31.7
	23.1
	93
	30.2
	13.60
	27.00
	10.50
	2.70
	4.90
	2.55
	1.40
	1.20

	36
	30.9
	23.4
	92
	50.5
	34.80
	39.00
	24.50
	2.00
	3.30
	4.10
	1.00
	1.50

	37
	31.6
	22.1
	93
	45.6
	38.10
	46.00
	39.70
	1.80
	2.10
	2.25
	1.30
	1.00

	38
	31.2
	21.7
	92
	9.2
	38.90
	55.00
	44.20
	1.10
	0.77
	1.30
	0.50
	1.90

	39
	31.1
	22.9
	96
	55.3
	40.20
	65.00
	46.50
	0.90
	0.00
	0.80
	0.90
	0.80

	40
	33.0
	22.0
	96
	74.5
	40.00
	72.00
	46.70
	0.00
	0.00
	0.00
	0.20
	0.60


SMW: Standard Meteorological Week, mrl: Meter row length
Table 3: Correlation between weather parameters and population of insect pests and natural enemies 
	
Meteorological parameters
	Population of defoliators larvae/mrl
	Population of natural enemies/plant

	
	Tobacco caterpillar
	Green semilooper
	Gram pod borer
	Coccinella beetle
	Spider

	Max. temp (oC)
	0.475
	0.131
	0.304
	0.421
	0.397

	Min. temp (oC)
	-0.153
	0.260
	-0.055
	-0.183
	-0.410

	RH (%)
	-0.807**
	-0.629**
	-0.829**
	-0.606*
	-0.924**

	Rainfall (mm)
	-0.627
	-0.443
	-0.493
	-0.612*
	-0.744**








			* Significant at 0.05% (0.602). ** Significant at 0.01% (0.735)
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