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Population Trends of Major Pests of Chilli (Capsicum annuum L.) and their predators


ABSTRACT
[bookmark: _GoBack]The population dynamics and seasonal fluctuations of major insect pests is crucial for the development of effective, timely, and sustainable pest management strategies. Equally important is the role of natural enemies, including predators and parasitoids, which contribute significantly to the natural suppression and regulation of pest populations within agroecosystems. The conservation and enhancement of these beneficial organisms are therefore essential components of integrated pest management programmes aimed at maintaining ecological balance and reducing reliance on chemical pesticides. The present investigation was conducted to study the population trends of major pests of chilli (Capsicum annuum L.) and their predators during Kharif 2020–21 and 2021–22 at Agriculture Research Station, Achalpur, Dr. PDKV, Akola. The chilli variety PDKV Hirkani was grown under field conditions following recommended agronomic practices without plant protection measures. Pest populations of aphid, thrips, whitefly, mites and fruit borer along with predators (ladybird beetles, chrysopids and spiders) were recorded at weekly intervals on randomly selected plants. The results revealed that aphid, thrips, mites and whitefly incidence began during the 32nd–33rd meteorological weeks, while mite and fruit borer activity started slightly later. Peak populations of all major pests were observed during the mid to late crop stages. Correlation analysis showed a significant negative relationship between whitefly and rainfall in 2020–21, while other pests exhibited non-significant associations with rainfall. Natural enemies (predators) were present throughout the crop season with peak activity coinciding with higher pest abundance and showed non-significant correlation with rainfall. Overall, the study indicates that rainfall has no significant effect on the population dynamics of chilli pests. While predators play an important role in regulating pest populations in the ecosystem. The findings highlight the importance of ecological monitoring for developing sustainable pest management strategies in chilli.
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Introduction
Chilli (Capsicum annuum L.) is one of the most economically important spice and vegetable crops cultivated worldwide, valued for its culinary versatility, nutritional content, and industrial applications. It is widely used as a vegetable, spice, condiment, and in processed forms such as sauces and pickles. Beyond food uses, chilli also plays a significant role in pharmaceutical, cosmetic, and beverage industries due to the presence of bioactive compounds such as capsaicin (Tiwary et al., 2005). Owing to its high domestic demand and export potential, chilli contributes substantially to the agricultural economy of many countries, including India.
Despite its importance, chilli productivity remains relatively low, primarily due to biotic and abiotic constraints. Among biotic factors, insect pests are a major limiting component, causing significant yield and quality losses. Key pests such as thrips, aphids, mites and fruit borers infest chilli crops at different growth stages, leading to direct damage as well as transmission of viral diseases. In recent years, shifts in climatic conditions, particularly fluctuations in temperature, humidity and rainfall patterns have markedly influenced the population dynamics, distribution and severity of these insect pests.
Understanding the population fluctuations of major insect pests is essential for developing effective and timely pest management strategies. Equally important is the role of natural enemies, including predators and parasitoids, which contribute to the natural regulation of pest populations in agroecosystems. Therefore, the present study was undertaken to investigate population trends of major pests of chilli and their predators. The findings of this study are expected to provide a scientific basis for developing location-specific and environmentally sustainable pest management strategies.
Material and Methods
The study was carried out under open field condition at Agriculture Research Station, Achalpur (Dr. Panjabrao Deshmukh Krishi Vidyapeeth, Akola) during Kharif 2020-21 and 2021-22. The chilli variety PDKV- Hirkani which was released by Dr. Panjabrao Deshmukh Krishi Vidyapeeth, Akola (MH) is used under this investigation. The 40-day-old seedlings were used for transplanting on 100 m2 area with 60 x 60 cm spacing. The crop was grown with all the recommended agronomical practices except the plant protection measures. Sucking pest population was recorded per leaf, i.e., upper, middle and bottom of each plant from randomly selected 10 plants. The fruit borer population per plant also recorded on randomly selected 10 plants and the pest incidences data were recorded throughout the season. Also the per plant population of predators i.e. lady bird beetle, chrysopa and spider were recorded per plant on randomly selected 10 plants.

Statistical analysis:
The population data for sucking insect pests, fruit borer and natural enemies (predators) count were subjected to statistical analysis and correlation co-efficient was workout. Simple correlation was worked out between the population of insect pests and rainfall by the Karl person’s co-efficient of correlation formula.

where,
rxy = Simple correlation co-efficient.
x = Variable i.e. abiotic component (rainfall).
y = Variable i.e. mean number of insect pests per plant.
n = Number of observations.

The correlation co-efficient (r) value where subjected to the test of significance using t test. The calculated t-value obtained was compared with tabulated t-value at 5 % level of significance.
Results and Discussion
The results obtained from the present investigation, as well as the relevant discussion, are summarized under the following headings:
Aphid (Aphis gossypii Glov.):
The table 1 revealed that aphid incidence commenced during the 33rd meteorological week (1.80 aphids / leaf) and the 32nd meteorological week (0.60 aphids / leaf) during 2020-21 and 2021-22, respectively. However, the population attained its initial peak during the 46th meteorological week and the 45th meteorological week respectively for both the year. Correlation analysis indicated a significant positive association during 2020-21 and non-significant positive association during 2021-22 between aphid population and rainfall i.e. 0.448 and 0.231, respectively (Table 2).







 Table 1: Incidences of major pest of chilli and their natural enemies with rainfall during 2020-21 and 2021-22
	Sr. No
	MW
	Rainfall
	Aphid
	Thrips
	Whitefly
	Mites
	Fruit borer
H.a. Lv/pl.
	Lady bird beetle
	Chrysopa
	Spider

	
	
	2020-21
	2021-22
	2020-21
	2021-22
	2020-21
	2021-22
	2020-21
	2021-22
	2020-21
	2021-22
	2020-21
	2021-22
	2020-21
	2021-22
	2020-21
	2021-22
	2020-21
	2021-22

	1.
	29
	55.2
	139.2
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	2.
	30
	10.8
	78.4
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	3.
	31
	48.4
	109.8
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.20
	0.00
	0.00
	0.00
	0.00
	0.00

	4.
	32
	42.4
	8
	0.00
	0.60
	0.00
	1.20
	0.00
	0.10
	0.66
	0.20
	0.00
	0.00
	0.50
	0.00
	0.30
	0.00
	0.40
	0.00

	5.
	33
	36.2
	0
	1.80
	1.00
	2.40
	2.00
	0.10
	0.20
	0.80
	0.60
	0.00
	0.00
	0.70
	0.10
	1.00
	0.00
	0.00
	0.10

	6.
	34
	48
	26.4
	2.20
	2.00
	3.20
	2.80
	0.30
	0.60
	0.92
	1.00
	0.00
	0.00
	0.00
	0.20
	0.40
	0.20
	0.10
	0.00

	7.
	35
	34.4
	28.2
	2.60
	2.40
	2.60
	3.40
	0.30
	1.00
	1.00
	1.20
	0.00
	0.00
	0.30
	0.40
	0.00
	0.10
	0.20
	0.00

	8.
	36
	67.2
	69.2
	3.00
	2.80
	4.20
	4.00
	0.40
	0.50
	1.20
	1.65
	0.00
	0.00
	0.00
	0.00
	0.60
	0.00
	0.10
	0.00

	9.
	37
	21.6
	105.6
	1.60
	3.20
	3.60
	5.30
	0.80
	0.90
	2.00
	2.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.40
	0.40

	10.
	38
	43.8
	29.2
	2.40
	2.30
	5.40
	6.12
	0.60
	1.80
	2.87
	2.90
	0.60
	0.00
	0.80
	0.00
	1.10
	0.80
	1.40
	0.60

	11.
	39
	38.2
	22.6
	2.00
	2.00
	4.80
	6.50
	0.70
	2.40
	3.20
	3.10
	0.80
	0.00
	1.10
	0.10
	0.60
	1.00
	0.20
	1.20

	12.
	40
	75
	65.9
	3.10
	3.10
	8.00
	7.20
	1.00
	3.00
	5.78
	2.50
	1.20
	0.40
	1.20
	0.40
	0.40
	0.90
	0.20
	1.80

	13.
	41
	12.2
	43.8
	1.80
	4.56
	8.20
	7.80
	1.20
	3.80
	4.55
	3.00
	1.30
	0.70
	0.00
	0.00
	0.80
	0.60
	0.00
	2.20

	14.
	42
	30.4
	20
	2.40
	5.00
	8.43
	8.00
	1.50
	4.20
	2.56
	3.40
	2.00
	0.20
	0.00
	0.00
	0.00
	0.40
	0.30
	2.00

	15.
	43
	1.2
	63.4
	1.80
	5.81
	8.06
	8.20
	2.20
	2.20
	5.03
	4.10
	1.80
	0.80
	0.60
	0.60
	0.00
	0.00
	0.00
	1.50

	16.
	44
	1.8
	0
	2.50
	6.02
	8.10
	8.80
	3.00
	3.00
	1.00
	3.30
	2.20
	1.20
	1.20
	1.00
	0.00
	0.00
	0.80
	0.60

	17.
	45
	0
	0
	2.80
	6.60
	7.35
	6.23
	2.00
	2.60
	1.20
	2.50
	2.74
	1.60
	1.80
	1.20
	0.20
	0.00
	0.00
	0.00

	18.
	46
	0
	0
	3.23
	4.71
	4.80
	4.30
	1.80
	1.80
	0.90
	2.00
	1.20
	2.00
	0.00
	0.80
	0.00
	0.10
	0.60
	0.40

	19.
	47
	0
	0
	3.10
	3.00
	4.53
	3.80
	2.20
	0.90
	0.86
	1.40
	0.80
	1.20
	0.10
	0.60
	0.00
	0.00
	0.00
	0.00

	20.
	48
	1.6
	0
	2.20
	2.20
	4.37
	3.00
	2.60
	0.30
	0.75
	1.00
	0.60
	0.80
	0.00
	1.80
	0.60
	0.20
	0.20
	0.20

	21.
	49
	0
	0
	0.80
	1.10
	2.28
	2.28
	2.20
	0.00
	0.68
	0.50
	1.40
	0.60
	0.30
	0.60
	0.00
	0.00
	0.60
	0.00

	22.
	50
	0
	0
	1.00
	0.80
	2.20
	1.50
	1.40
	0.00
	0.79
	0.20
	1.20
	0.00
	0.00
	0.00
	0.00
	0.00
	0.80
	0.10

	23.
	51
	0.4
	0
	0.60
	0.20
	3.00
	0.80
	1.60
	0.10
	0.62
	0.10
	1.00
	0.00
	0.00
	0.00
	0.00
	0.00
	1.20
	0.00

	24.
	52
	0
	0
	0.50
	0.10
	2.80
	0.20
	1.20
	0.00
	0.45
	0.00
	1.20
	0.10
	0.80
	0.10
	0.10
	0.20
	0.00
	0.00

	25.
	1
	0
	7.4
	0.20
	0.00
	2.00
	0.00
	1.30
	1.30
	0.89
	0.89
	1.20
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00




Table. 2 Correlation of major pests of chilli with rainfall and their natural predators
	Insect pest
	2020-21
	2021-22

	Aphid/leaf
	0.448*
	0.231

	Thrips/leaf
	0.116
	0.425

	Whitefly/leaf
	-0.717*
	0.237

	Mite/leaf
	0.356
	0.451*

	Ha/lv/pl.
	-0.205
	-0.161

	LBB/pl.
	0.064
	-0.357

	Ch/pl.
	0.502*
	0.186

	Spider/pl.
	-0.164
	0.350


* - Significant correlation at 5% significance level
The present study indicated that aphid (Aphis gossypii Glover) infestation in chilli commenced during the 32nd–33rd meteorological weeks with low initial populations and persisted throughout the cropping season. The early incidence during the vegetative stage suggests that the crop provides favorable conditions for aphid establishment. Similar observations were reported by Hasan and Das (2021), who recorded aphid occurrence from the early growth stage in chilli.
The aphid population reached its peak during the 45th–46th meteorological weeks, which may be attributed to favorable environmental conditions such as moderate temperature and humidity. This is supported by the findings of Satar et al. (2007), who reported enhanced development and reproduction of Aphis gossypii under moderate temperature conditions. The non-significant positive correlation between aphid population and rainfall indicates that rainfall has limited direct influence on aphid buildup. Similar results were reported by Shah et al. (2013), who emphasized the greater role of temperature and overall climatic conditions over rainfall in determining aphid population dynamics.
Thrips (Scirtothrips dorsalis Hood) :
Thrips incidence was first observed during the 33rd meteorological week (2.40 thrips/ leaf) in 2020–21 and the 32nd meteorological week (1.20 thrips/ leaf) in 2021–22. The population gradually increased and reached its initial peak during the 42nd (8.43/leaf) and 44th (8.80/leaf) meteorological week, respectively during both the years (table 1). Correlation analysis revealed a non-significant positive relationship between thrips population and rainfall, with correlation coefficients of 0.116 and 0.425 for 2020–21 and 2021–22, respectively (table 2).
Similar findings were reported by Yadav et al. (2022), who observed that thrips infestation begins soon after transplanting and persists throughout the crop period. In agreement with the present findings, Mishra and Kumar (2023) reported that thrips population in chilli increased progressively after initial appearance and persisted until later growth stages, with peak incidence occurring under suitable weather conditions.
Correlation analysis indicated a non-significant positive relationship between thrips population and rainfall, suggesting that rainfall has limited direct influence on thrips incidence. Similar observations were reported by Shaik et al. (2024), that abiotic factors such as temperature play a more significant role than rainfall in influencing thrips population dynamics.
Whitefly (Bemisia tabaci Gennadius)
Whitefly incidence was first recorded during the 33rd and 32nd meteorological week respectively, during 2020–21 and 2021–22 with an initial population of 0.10/ leaf. The population reached its first peak during the 44th (3.00/leaf) and 42nd (4.20/leaf) meteorological weeks, respectively (table 1 & 2). 
The present study supported by Bhowmik et al. (2018) and Saad et al. (2015) that, the seasonal build-up of whitefly in chilli with peak incidence during mid to late crop growth stages under favourable conditions. Correlation analysis revealed a significant negative relationship between whitefly population and rainfall in 2020–21 (r = –0.717), indicating suppression of populations by rainfall. This agrees with earlier reports of Jayewar et al. (2019) that rainfall reduces whitefly abundance by washing off adults and limiting survival. However, in 2021–22, the weak positive correlation (r = 0.237) suggests that rainfall alone did not strongly influence pest dynamics, likely due to interaction with other weather factors.
Overall, whitefly incidence in chilli is influenced by seasonal weather conditions, particularly rainfall, though its effect varies across years.
Mites (Polyphagotarsonemus latus Banks)
Mite infestation was initially observed during the 32nd meteorological week in both years, with populations of 0.66 and 0.20 mites/ leaf during 2020–21 and 2021–22, respectively. The population increased gradually and reached its peak during the 40th (5.78 mites/leaf) and 43rd (4.10 mites/leaf) meteorological week during 2020-21 and 2021-22 respectively (table 1).  A non-significant positive correlation with rainfall during 2020-21 and significant positive correlation during 2021-22 were recorded (r = 0.356 and 0.451, respectively) for both years (table 2).
The present study on chilli mite (Polyphagotarsonemus latus) is supported by earlier reports i. e. Nayak et al. (2011); Shukla & Radadia (2018) showing that the pest is a serious constraint in chilli production and exhibits seasonal fluctuations influenced by weather conditions. Broad mite populations generally increase during favourable warm and humid conditions and can cause severe yield loss in chilli crops (Duarte et al., 2015).
Fruit Borer (Helicoverpa armigera Hübner)
The table 1 revealed that, fruit borer activity commenced during the 38th  (0.60 larvae/ plant) and 39th (0.40 larvae/ plant) meteorological week during 2020–21 and 2021–22. The population attained its initial peak during the 45th (2.74 larvae/ plant) and 46th (2.00 larvae/ plant) meteorological weeks A non-significant negative correlation with rainfall was observed in both years (r = –0.205 and –0.161, respectively) (table 2).
Similar trends have been reported by Sapkal et al. (2018) in chilli and other crops, where infestation begins during the vegetative stage and peaks during flowering and fruiting stages. The non-significant negative correlation with rainfall observed in both years suggests that rainfall had a limited suppressive effect on fruit borer population. Earlier studies of Yadav et al. (2022) also reported weak or negative associations between rainfall and H. armigera activity, indicating that temperature and crop stage are more influential than rainfall alone in regulating population dynamics.
Overall, the results confirm that fruit borer incidence in chilli is mainly governed by crop phenology and temperature-driven weather factors, with rainfall playing a secondary role.
Natural Enemies in Chilli Ecosystem
The table 1 revealed that, ladybird beetles were observed throughout the cropping period. During 2020–21, their population ranged from 0.20 to 1.80 per plant between the 31st and 52nd meteorological weeks whereas,  during 2021–22, the population ranged from 0.10 to 1.80 per plant from the 33rd to 52nd meteorological weeks with a peak incidence recorded in the 45th (1.80 per plant) and 48th (1.80 per plant) meteorological weeks., 
Chrysopid populations in 2020–21 ranged from 0.30 to 1.10 per plant between the 32nd and 52nd meteorological weeks, with a peak observed during the 38th week. In 2021–22, the population varied from 0.10 to 1.00 per plant from the 34th week onward, reaching its maximum during the 39th meteorological week.
Spider populations during 2020–21 ranged from 0.10 to 1.40 per plant between the 32nd and 51st meteorological weeks, with peak abundance recorded in the 38th week. In 2021–22, the population ranged from 0.10 to 2.20 per plant from the 33rd to 50th meteorological weeks, with maximum density observed during the 41st week. Across both years, the populations of natural enemies showed variability throughout the crop season and exhibited a non-significant correlation with rainfall
The present study recorded continuous occurrence of predetors such as ladybird beetles, chrysopids and spiders in chilli ecosystem with peak abundance during mid to late crop stages. Similar findings have been reported by Jambagi et al. (2021) and Kumar et al. (2020) where these predators are consistently associated with aphid and other sucking pest populations in chilli fields. The previous study of Aarwe et al. (2022) also reported that ladybird beetles, lacewings and spiders increase in response to pest density in chilli ecosystems, supporting their role as important biological control agents.
Overall, the study highlights the importance of conserving natural enemies for sustainable pest management in chilli.
Conclusion: 
Major insect pests of chilli appeared at different crop stages and reached peak populations during mid to late growth periods. Rainfall showed variable and mostly non-significant effects on pest dynamics, except for a negative influence on whitefly in one season. Predators were present throughout the crop period and helped regulate pest populations. It underscores the need for systematic surveillance and sustainable pest management practices.
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