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Impact of Biotic and Abiotic Factors on the Population Dynamics of Mustard Aphid, Lipaphis erysimi (Kalt) in Mustard



ABSTRACT
The field study investigates the seasonal incidence and population dynamics of the mustard aphid, Lipaphis erysimi (Kalt.), and its natural predator, Coccinella septempunctata Linn., in mustard (Brassica juncea L.) during the Rabi seasons of 2022–23 and 2023–24 at Research Farm of College of Agriculture, Sumerpur. The results revealed that aphid infestation commenced in the last week of December (52nd, SMW) and persisted until mid-March (10th SMW). The aphid population peaked in the 5th SMW (137.90 aphids per plant) in 2022–23 and in the 6th SMW (138.40 aphids per plant) in 2023–24, coinciding with temperatures ranging from 11.9°C to 25.6°C and moderate relative humidity (36.1%–45.2%). Correlation analysis indicated a significant negative relationship between aphid population and temperature, while relative humidity exhibited a weak positive association. The predatory C. septempunctata population followed a similar trend, peaking in the 5th SMW (9.20 beetles per plant) in 2022–23 and the 6th SMW (9.35 beetles per plant) in 2023–24, with a strong correlation (r > 0.94) between predator and aphid densities. The findings confirm that temperature plays a crucial role in regulating aphid incidence, with higher temperatures (>30°C) leading to a sharp decline in population. The study highlights the potential of C. septempunctata as a biological control agent and emphasizes the importance of integrating weather-based pest forecasting models into sustainable pest management strategies.	Comment by USER: Terms must be defined when first used.
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1. INTRODUCTION
​Indian mustard (Brassica juncea (L.) Czern and Coss) stands as a pivotal cruciferous oilseed crop cultivated globally during the Rabi season. Its multifaceted utility encompasses roles as an oilseed, condiment, and medicinal plant. Nutritionally, mustard seeds are esteemed for their rich composition, containing approximately 38-46% edible oil, with significant proportions of erucic acid, linolenic acid, and oleic acid, enhancing their value in human diets (Downey, 1983). In culinary traditions, mustard oil and seeds are integral ingredients, flavouring condiments, pickles, curries, and vegetables. Beyond the kitchen, mustard's applications extend to industries like soap production, varnishes, paints, hair oils, medicines, leather softening, and lubricants (Patel, 2005). Additionally, its tender green leaves and stems are consumed as nutritious leafy vegetables.	Comment by Windows User: Use a more acceptable conventional term for the season.	Comment by USER: Reference is too obsolete	Comment by USER: Ditto
India plays a significant role in global mustard production, contributing substantially to the nation's edible oil output. The primary mustard growing states include Rajasthan, Madhya Pradesh, Haryana, Uttar Pradesh, West Bengal, Gujarat, Jharkhand, and Assam. According to the USDA Foreign Agricultural Service, for the marketing year 2023-2024, India's rapeseed-mustard production is estimated at 11.9 million metric tons, harvested from 9.3 million hectares, with Rajasthan being the leading producer. Predominantly cultivated in rain-fed and resource-limited regions, mustard farming is vital for the livelihood security of small and marginal farmers. However, production faces challenges from various biotic and abiotic factors, notably insect pests. Bakhetia and Sekhon (1989) documented the presence of 38 insect pest species affecting rapeseed and mustard crops in India. Among these, the mustard aphid (Lipaphis erysimi (Kalt.)), mustard sawfly (Athalia lugens proxima (Klug.)), painted bug (Bagrada hilaris (Burm.)), and leaf miner (Phytomyza horticola (Goureau)) are the most significant pests. L. erysimi has been recognized as a persistent and major insect pest in Rajasthan and various other mustard-producing regions, with reported yield losses ranging from 35.4% to 73.3%. Additionally, the pest contributes to a 30.09% reduction in seed weight and a 2.75% decline in oil content (Bakhetia & Sekhon, 1989; Singh & Premchand, 1995; Sharma & Kashyap, 1998).	Comment by USER: Ditto	Comment by USER: Ditto
Mustard aphid, belong to the family Aphididae under the order Hemiptera and suborder Homoptera, causes both qualitative and quantitative damage to mustard crops. Both nymphs and adults feed by extracting cell sap from leaves, petioles, tender stems, inflorescences, and pods. This pest exhibits rapid multiplication, covering entire crop fields in just a few days, particularly under cloudy weather conditions. Persistent feeding by large aphid populations leads to leaf yellowing, curling, and eventual drying, which results in weakened siliquae (pods) and undersized seeds. Additionally, the secretion of honeydew by aphids provides an ideal medium for the growth of sooty mould, which disrupts the process of photosynthesis (Atwal & Dhaliwal, 2015). The population dynamics of insect pests are influenced by climatic conditions, crop growth stages, and the activity of their natural enemies. Understanding the interactions between pest activity and biotic and abiotic factors are crucial for developing predictive models that aid in forecasting pest outbreaks. Natural predators such as Coccinella septempunctata L. and Menochilus sexmaculatus Fab. play a significant role in reducing aphid populations. Therefore, the present study aims to analyse the population dynamics of mustard aphids concerning their biotic and abiotic factors.
2. MATERIALS AND METHODS
The study on the seasonal abundance of mustard aphids in B. juncea was conducted during the Rabi seasons of 2022–2023 and 2023–2024 at the research farm of the College of Agriculture, Sumerpur (Pali), India. The experiment was carried out in four plots, each measuring 3.0 × 3.0 meters, with row-to-row and plant-to-plant spacing maintained at 30 cm and 10 cm, respectively. The crop was sown in the second week of October in both years. Fertilizer application followed standard agronomic recommendations. Half of the prescribed nitrogenous fertilizer, along with the full dose of phosphorus and potassium fertilizers, was incorporated during the final ploughing. The remaining nitrogenous fertilizer was applied as a top dressing at the flowering stage. Weed management was ensured through manual weeding and hoeing, and all recommended agronomic practices were implemented in accordance with the regional package of practices.
Aphid populations were monitored from their initial appearance in the crop. Observations were taken from five randomly selected and tagged plants per plot. Initially, aphid populations were recorded per plant as a whole unit. However, in subsequent assessments, aphid counts were taken from the upper 10 cm section of the central twig per plant to minimize disturbance, following the methodology outlined by Mathur and Singh (1986) and Pradhan et al. (1960). Simultaneously, populations of natural enemies of aphids were also recorded on the entire plant at weekly intervals. Meteorological data, including weekly maximum and minimum temperatures (°C) and relative humidity (%), were collected from the observatory at KVK, Pali. A simple correlation analysis was conducted to determine the relationship between aphid populations, their natural predators, and abiotic factors.	Comment by USER: Rather too old! No recent methodology or work on it?
3. RESULT AND DISCUSSION 
The data showed that infestation of L. erysimi during both the cropping seasons commenced in the last week of December (52st SMW) continued thereafter for a long period and disappeared in the second week of March (10th SMW) before the crop matured. 	Comment by USER: Not defined!
3.1 Seasonal incidence of L. erysimi in mustard during 2022-23
[bookmark: _Hlk194612937]The seasonal incidence of mustard aphid, L. erysimi during the Rabi season of 2022-23 (Table 1 & Fig. 1) revealed that the aphid population first appeared in the 52nd Standard Meteorological Week (SMW) with a mean of 9.60 aphids per plant. The population increased gradually, reaching an initial peak of 137.90 aphids per plant in the 5th SMW, when the minimum and maximum temperatures were 11.9°C and 24.7°C, respectively, with a relative humidity of 45.2%. A subsequent decline was observed, with the population dropping to 2.70 aphids per plant by the 10th SMW, coinciding with rising temperatures (minimum: 18.5°C, maximum: 34.1°C) and lower relative humidity (26.0%). Correlation analysis (Table 3) indicated that the aphid population exhibited a negative correlation with minimum temperature (r = -0.345) and maximum temperature (r = -0.458), while showing a positive but weak correlation with relative humidity (r = 0.289). These findings align with Sharma et al. (2021), who reported that mustard aphid populations thrive under moderate temperatures (10–25°C) and decline sharply under higher temperatures (>30°C). Similarly, Kumar and Singh (2022) observed that aphid infestations peak during periods of moderate humidity, as excessively dry or humid conditions adversely affect their survival.
Table 1 Population dynamics of mustard aphid and their natural enemy in mustard during Rabi season 2022-23	Comment by Windows User: Remove the inner borders from this table and let it have only three horizontal lines. Two for the title and the last one as the horizontal border.
	SMW
	Minimum Temperature (°C)
	Maximum Temperature (°C)
	Relative Humidity (%)
	Aphid population/plant*
	Lady bird population/ Plant*

	52
	7.1
	24.6
	37.6
	9.60
	0.00

	1
	6.6
	24.1
	25.0
	24.45
	0.85

	2
	10.0
	26.0
	33.4
	51.40
	2.25

	3
	6.3
	23.4
	22.3
	91.25
	4.60

	4
	7.8
	22.4
	37.4
	127.80
	5.45

	5
	11.9
	24.7
	45.2
	137.90
	9.20

	6
	12.4
	30.0
	21.1
	128.10
	8.90

	7
	11.1
	32.2
	12.9
	80.55
	5.05

	8
	15.2
	35.4
	18.1
	26.80
	1.30

	9
	18.1
	35.2
	19.7
	5.50
	0.65

	10
	18.5
	34.1
	26.0
	2.70
	0.25



[bookmark: _Hlk194612955]The predatory species of lady bird beetles, viz., Coccinella septempunctata Linn. and Menochilus sexmaculatus (Fabr.) have been found preying aphid, L. erysimi on the mustard crop. Out of these, C. septempunctata was reported to be dominant one. C. septempunctata, first appeared in the 1st SMW with a mean of 0.85 beetles per plant. The population peaked at 9.20 beetles per plant in the 5th SMW, coinciding with the peak aphid population (137.90 aphids per plant). A decline was observed thereafter, mirroring the aphid population trend, with beetles disappearing by the 10th SMW. Correlation analysis showed a weak negative relationship with minimum temperature (r = -0.175) and maximum temperature (r = -0.289), while relative humidity had a negligible positive correlation (r = 0.206) with coccinellids. The strong positive correlation (r = 0.960) between aphid and ladybird beetle populations highlights the predator-prey dynamics. These findings are consistent with Yadav and Malik (2021), who reported that C. septempunctata populations closely track aphid infestations, with peak predator activity occurring during periods of high aphid density.

3.2 Seasonal incidence of L. erysimi in mustard during 2023-24
[bookmark: _Hlk194612975][bookmark: _Hlk194612987]In the 2023-24 season (Table 2 & Fig 2), the aphid population followed a similar trend, appearing in the 52nd SMW with 7.70 aphids per plant. The population peaked at 138.40 aphids per plant in the 6th SMW, when temperatures ranged between 14.5°C and 25.6°C, and relative humidity was 36.1%. By the 10th SMW, the population declined to 1.75 aphids per plant, coinciding with higher temperatures (minimum: 15.7°C, maximum: 29.2°C) and lower humidity (28.4%). Correlation analysis of aphid population (Table 3) revealed a negative but non-significant relationship with minimum temperature (r = -0.267) and a weak negative correlation with maximum temperature (r = -0.093). Relative humidity showed a negligible positive correlation (r = 0.119). These results corroborate the findings of Patel et al. (2023), who noted that mustard aphid populations are highly sensitive to temperature fluctuations, with optimal growth occurring at 15–25°C. The decline in population under higher temperatures aligns with the observations of Meena et al. (2022), who highlighted the adverse effects of elevated temperatures on aphid reproduction and survival.
Table 2 Population dynamics of mustard aphid and their natural enemy in mustard during Rabi season 2023-24	Comment by Windows User: Ditto (as indicated in Table 1.
	SMW
	Minimum Temperature (°C)
	Maximum Temperature (°C)
	Relative Humidity (%)
	Aphid population/plant*
	Lady bird population/ Plant*

	52
	27.6
	13.3
	38.6
	7.70
	0.00

	1
	23.1
	9.1
	41.4
	21.15
	0.75

	2
	24.2
	8.9
	33.7
	47.30
	1.95

	3
	25.9
	10.1
	31.4
	87.35
	4.00

	4
	26.3
	10.7
	32.0
	121.15
	4.85

	5
	27.7
	17.3
	48.0
	128.55
	8.45

	6
	25.6
	14.5
	36.1
	138.40
	9.35

	7
	28.2
	14.1
	31.1
	77.60
	6.05

	8
	29.9
	17.1
	33.9
	23.60
	2.05

	9
	29.0
	17.6
	39.9
	4.25
	0.95

	10
	29.2
	15.7
	28.4
	1.75
	0.40



Table 3 Population dynamics of L. erysimi and C. septempunctata in Indian mustard during Rabi, 2022-23 and 2023-24	Comment by Windows User: Ditto (as indicated in Table 1). In addition, the table is wrongly titled. It supposed to be a correlation table!. Also this table supposed to come after Fig. 2. Population dynamics of mustard aphids and their natural enemies during rabi 2023-24.
	Particulars
	Correlation coefficient (r)

	
	Aphid population
	Lady bird population

	
	2022-23
	2023-24
	2022-23
	2023-24

	Minimum Temperature (°C)
	-0.345
	-0.267
	-0.175
	-0.089

	Maximum Temperature (°C)
	-0.458
	-0.093
	-0.289
	0.166

	Relative Humidity (%)
	0.289
	0.119
	0.206
	0.193

	Mean aphids and Coccinella septempunctata	Comment by Windows User: This is not appropriate here as it conveyed a wrong message. Reconstruct the table in correct format, arrangement and appropriate title. 
	0.960
	0.937
	
	


[bookmark: _Hlk194612998][bookmark: _Hlk194613024][bookmark: _Hlk194613039]The present findings of aphid incidence during both the years were supported by the findings of Jat et al. (2006), Jandial and Kumar (2007), Hugar et al. (2008), Venkateswarlu et al. (2011) and Sahoo (2013) who reported that aphid population appeared from 52nd standard week, which disappeared after 10th standard week. The present investigation also get support from the findings of Pradhan et al. (2020) who observed that L. erysimi remain active from last week of December to 9th SMW. The results of Arvind (2021), Ram et al. (2022) and Dotasara et al. (2022) also confirm the present findings who reported that aphid L. erysimi incidence began in the 1st SMW and remained active up to 10th SMW.
[bookmark: _Hlk194613059]The ladybird beetle population followed a similar pattern, appearing in the 1st SMW with 0.75 beetles per plant and peaking at 9.35 beetles per plant in the 6th SMW. The population declined thereafter, disappearing by the 10th SMW. Correlation analysis of lady bird beetles revealed a weak negative correlation with minimum temperature (r = -0.089) and a negligible positive correlation with maximum temperature (r = 0.166). Relative humidity showed a weak positive relationship (r = 0.193). The strong correlation (r = 0.937) between aphid and ladybird beetle populations further emphasizes the dependency of C. septempunctata on aphid availability. These results align with recent studies by Verma et al. (2023), who demonstrated that predator efficacy is maximized during moderate climatic conditions, with temperature and humidity playing secondary roles compared to prey availability. 

[bookmark: _Hlk194613078][bookmark: _Hlk194613100]The results from both seasons demonstrate a clear relationship between mustard aphid populations and their natural enemy, C. septempunctata, with predator populations closely tracking aphid infestations. The decline in aphid populations under higher temperatures (>30°C) and lower humidity (<30%) supports the findings of Sharma et al. (2021) and Kumar and Singh (2022), who identified temperature as a critical factor regulating aphid dynamics. The strong predator-prey correlation (r > 0.94) underscores the potential of C. septempunctata as a biological control agent, as highlighted by Yadav and Malik (2021), Ram et al. (2022) and Dotasara et al. (2022).
4. CONCLUSIONS
The present study provides valuable insights into the seasonal dynamics of the mustard aphid Lipaphis erysimi and its natural predator, Coccinella septempunctata, in Brassica juncea during the Rabi seasons of 2022–23 and 2023–24 at Sumerpur, Pali (Rajasthan). Aphid infestation began consistently in the 52nd Standard Meteorological Week (last week of December) and persisted up to the 10th SMW (second week of March) in both years. Peak aphid populations were recorded during the 5th and 6th SMWs under moderate temperature conditions (14–25°C) and relative humidity ranging from 36% to 45%, after which a sharp decline occurred with rising temperatures and reduced humidity levels. The population of the predatory ladybird beetle, C. septempunctata, followed a similar temporal trend, with peak abundance coinciding with peak aphid densities. A strong positive correlation between aphid and predator populations confirmed the close predator-prey relationship, emphasizing the role of C. septempunctata as a key biological control agent. Correlation analysis further revealed that both aphid and predator populations were negatively influenced by increasing temperatures and to a lesser extent by decreasing relative humidity. These findings confirm that moderate climatic conditions favour aphid multiplication and predator activity, while extreme temperatures (>30°C) suppress aphid populations. Overall, the study highlights the importance of monitoring climatic factors in predicting aphid outbreaks and underscores the ecological significance of C. septempunctata in managing aphid populations. The results advocate for the integration of biological control strategies, particularly conservation and augmentation of natural enemies, in the sustainable management of mustard aphid in the semi-arid agro-climatic regions of India.	Comment by Windows User: This is repetition of the results. It is not necessary here.
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Fig. 1  Population dynamics of mustard aphid and their natural enemies during rabi 2022-23
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Fig. 2 Population dynamics of mustard aphid and their natural enemies during rabi 2023-24
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