


Seasonal Population Dynamics of the Cowpea Aphid, Aphis craccivora (Koch) on Bean, and its Correlation with Abiotic Factors under Kashmir Conditions
ABSTRACT:
Aphis craccivora Koch, commonly known as the cowpea aphid, is a cosmopolitan and highly polyphagous pest of leguminous crops. It infests more than 50 host plant species across over 19 families easpecially from fabaceae. A two-year field investigation (2023–2024) was conducted in the Kashmir Valley to study the population dynamics of the cowpea aphid, Aphis craccivora Koch, infesting common bean (Phaseolus vulgaris L.) at three locations viz: Shalimar, Shuhama and Habak. The aphid population exhibited a characteristic sigmoidal growth pattern during both years. Initial colonization occurred in the 19th  Standard Meteorological Week (SMW), followed by a gradual increase from the 20th SMW and a rapid rise by the 23rd  SMW. Peak infestation was observed between the 25th  and 30th  SMWs, after which the population declined sharply by the 36th  SMW. Mean aphid populations per three leaves were 44.79 and 46.11 at Shalimar, 47.71 and 43.30 at Shuhama, and 49.78 and 45.53 at Habak during 2023 and 2024 respectively. Highly significant positive correlation between maximum temperature and all aphid stages (nymphs, apterous, and alates), indicating that warmer conditions favored aphid multiplication and development. Minimum temperature also showed a positive but weaker correlation with aphid density. In contrast, both maximum and minimum relative humidity exhibited significant negative correlations, suggesting that humid conditions suppressed aphid buildup. These consistent trends across all sites indicate that temperature plays a promotive role, while relative humidity acts as a limiting factor in the population development of A. craccivora under Kashmir conditions.The study highlights the period between the 23rd and 25th  SMWs as critical for implementing integrated pest management (IPM) strategies against A. craccivora in common bean.
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1. INTRODUCTION 
	“Common bean (Phaseolus vulgaris L.) is multipurpose leguminous crop and since it is high in nutrient content” (Mwanauta et al., 2015). “It is second important in terms of production and area of productivity due to early maturity intercrop with other crop like maize, improver soil fertility, animal fead and become to commercial potential” (Demelash, 2018). “More, it has substantial role in to provide balance diet, and provides amino acid like folic acid” (Filella and Peñuelas, 1994). Similar study reported as it contributed around 57% dietary protein and 23% of carbohydrate. Furthermore, Montoya et al. (2006) reported as “usual a use of leguminous crops advertised due to minimizes the risk of disease such as cancer, diabetes, or coronary heart diseases”. “Many compounds have been identified in P. vulgaris, such as phenolic acids (chlorogenic acid, syringic acid, caffeic acid), flavonoids (kaempferol, pelargonidin, cyanidin, delphinidin), sugars, fatty acids, and tocopherols, among others” (Rodríguez et al.,2022) .  “In addition to their nutritional value, beans improve soil fertility through atmospheric nitrogen fixation and play a vital role in sustainable cropping systems” (Broughton et al., 2003). “It is the second most important legume crop in terms of area planted and volume of production after faba bean, Vicia faba, production in 2020-21 was around 0.55 million tons from 0.31 million hectares However, the average yield of common bean in Ethiopia (1.8 tons per hectare) is far below the genetic potential of the crop, which is estimated to be >3 t ha-1” (Demelash, 2018) and also the common bean is grown worldwide over 29.39 million ha−1 with a production of 26.83 million tons (t) (FAOSTAT, 2016). Myanmar, India, Brazil, the USA, Tanzania, China, and Mexico are the top dry bean producers (Siddiq et al., 2022). “Phaseolus vulgaris L. is grown on 9.47 million ha−1 in India, with a production of 3.90 million t and a productivity of 0.41 t ha−1” (FAOSTAT, 2016). “India’s leading agricultural producing regions are Jammu and Kashmir, Himachal Pradesh, Uttar Pradesh, Maharashtra, the Nilgiri and Palani Hills of Tamil Nadu, parts of the Western Ghats of Kerala, the Chickmagalur Hills of Karnataka, and the Darjeeling Hills of West Bengal. Pulses are often cultivated in the  regions of Jammu and Kashmir, either as a mono  or as an intercrop with maize under a low-input system, producing low yields. The districts of Baramulla, Bandipora, and Kupwara in the Kashmir Valley have the potential for bean cultivation” (Sheikh et al., 2017). “The interactions between pest activity with biotic and abiotic factors help in deriving predicative models that in turn forecast the pest incidence. The population buildup of any insect is intimately related to the weather parameters” (Boopathi et al., 2017). “Climate as an exogenous factor plays a crucial role in determining abundance and distribution of insect and pest population” (Chiu et al., 2019). “The crop is attacked by a number of insect pests, viz., bean aphid, Aphis craccivora Koch, leaf hopper, Empoasca fabae Harris, Empoasca krameri Ross and Moore, Empoasca kerri Pruthi, pod borer, whitefly, Bemisia tabaci Gennadius, stem fly, Ophiomyia phaseoli Tryon, hairy caterpillars, Ascotis imparta Walker, Bihar hairy caterpillar, Spilosoma obliqua Walker etc. Among these insect pests, bean aphid (A. craccivora) causes considerable crop damage. Bean aphid, Aphis craccivora Koch (Homoptera: Aphididae) was first described by Koch in 1854 and is commonly known as cowpea aphid, black bean aphid, legume aphid and oriental pea aphid. Aphids are the major insect pest both in tropical and temperate regions. It is cosmopolitan species. Throughout the world it is causing direct and indirect (as vectors) damage to cultivated crops. The aphid, A. craccivora is highly polyphagous as it is recorded feeding on plants belonging to eight plant families. It is a serious pest of leguminous crop and sucks the sap from tender shoots, inflorescence and pods resulting in the drying up of tender shoot and premature fall of flower buds, flowers and tender pods. Crops attacked by this aphid include cowpea, field bean, groundnut, chickpea, mung bean, urd bean, pigeon pea, brassicas, cucurbits, beetroot, cotton, etc.” (Anonymous, 2014). “In case of severe infestation, these pests attack all parts of the plants including pods which results in stunted growth and decreased yield. The honey dew secretion of the aphids provides a suitable media for the development of sooty mould and fungi which ultimately hampers the process of photosynthesis” (Anonymous, 2013). “Cowpea  Cowpea aphid reduces  reduces the amount of nutrients and water available to the crop and causes transmission of plant viruses. Aphid feeding induces symptoms that include chlorosis and stunting that delays onset of flowering and even plant death when infestations are high especially at seedling stage” (Blackman and Eastop, 2000 and Keating et al., 2015). Bean aphid is polymorphic (with apterous and alate form), viviparous and in the tropics parthenogenetic reproduction occurs throughout the year. The cowpea aphid, Aphis craccivora Koch, is a highly destructive and difficult to manage pest due to its polyphagous nature, short life cycle, and rapid reproductive potential. To better understand its population dynamics and the influence of environmental conditions on its abundance, a research investigation was undertaken. The study aimed to determine seasonal population fluctuations of the aphid in relation to key abiotic parameters such as temperature and relative humidity under field conditions.
2. MATERIAL AND METHODS
The present investigation on the population dynamics of Aphis craccivora Koch infesting bean crops was carried out for two consecutive cropping seasons 2022–23 and 2023–24 at three locations in the Kashmir Valley: the experimental field of the Division of Entomology, SKUAST-K, Shalimar; the Seed Multiplication Farm, Shuhama; and the Division of Vegetable Science field, SKUAST-K, Habak. Bean cultivars ‘Sel-3’ and ‘Contender’ were sown on two different dates, i.e., 8th  March and 15th March, maintaining a spacing of 30 cm between rows and 10 cm between plants . All standard agronomic practices were followed to ensure proper crop growth. The primary objective of the study was to assess the extent of aphid infestation under field conditions and its relationship with prevailing abiotic factors. Observations on the aphid population were recorded at weekly intervals. On each sampling date, ten plants were randomly selected from each experimental site. From every plant, three leaves representing the top, middle, and bottom portions were examined. All individuals of A. craccivora were counted and categorized as nymphs, apterous (wingless) adults, and alate (winged) adults. The population density for each stage was expressed as the mean number of aphids per three leaves. Pest incidence was assessed by inspecting ten randomly selected plants per plot. The percentage of plant infestation was calculated using the formula:
Plant infestation (%) = Number of infested plants × 100
Total number of plants
Experimental details: Design of experiment: Randomized Complete Block Design RCBD)

Statistical Analysis: To determine the influence of abiotic factors on aphid population build-up weekly average meteorological data on maximum and minimum temperatures and relative humidity were obtained from the Division of Agrometeorology, Faculty of Horticulture, SKUAST-K, Kashmir. The correlation between aphid population data and weather parameters for both cropping seasons was computed. Statistical analysis was performed using OPSTAT online software in order to investigate the effects of meteorological conditions on pest occurrence.
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Plate 1. Field Infestation of Aphis craccivora on Bean Crop .





3. RESULTS AND DISCUSSION

The population density of Aphis craccivora displayed a highly uniform sigmoidal growth pattern across all three locations during both study years (Figure 1-6). This pattern consisted of four distinct phases: initial establishment, exponential growth, a distinct peak, and a subsequent rapid decline. The incidence of bean aphid, Aphis craccivora on bean crop during Rabi 2023-2024 commenced from 2nd week of May, i.e. 19th SMW with an average population level  below 3.0 individuals per three leaves leaf and gradually increased and peak densities were recorded between the 25th  and 30th SMWs (late June to early July), reaching 44.79 and 46.11 aphids per three leaves at Shalimar, 47.71 and 43.30 at Shuhama, and 49.78 and 45.53 at Habak during 2023 and 2024, respectively the above results are in agreement with Parekh and Patel (2024) who studied Aphis craccivora  and observed population dynamics that exhibited gradual increase starting post early season, with peak aphid populations reaching approximately 41.8 aphids per twig around the 45th SMW (early November) and also with  Ranjana bali et al.( 2025) who stated that there was a significant increase in the number of aphids from 3.67 per leaf during the 13th standard week to 54.33 per leaf during the 17th week, which marked the peak aphid density. This was accompanied by particular weather, The aphid population then began to decline, reaching a low of 2.33 aphids per leaf by the 24th standard week. The cultural, physical and biological factors might be responsible for the fluctuation in aphid populations during the period. The pre-ponderence of the bean aphid might be due to weather parameters prevailed during the period as well as succulent foliage available during that time. Dixon (1985) have reported that the aphids responded to cues that signal seasonal trends in weather and food quality, by developing such morphs that are well adapted to survive the seasonal changes in habitat quality. The decrease in bean aphid population might be due to the maturity of the crop as aphids infest young shoots and leaves of the crop. The present findings on the incidence of aphid population on pea crop was strengthened by Kumar and Nath (2003) who reported that aphids infested legumes during the vegetative and reproductive stage of the crop. The findings are more or less similar with the findings of Chatar et al. (2010) who reported that the insect population declined slowly towards the maturity of the crop. Initial colonization coincided with the bean crops vegetative stage, which offers tender foliage and a suitable microclimate. The exponential rise from late May to June aligned with moderate temperatures (22–26°C) and relative humidity (65–75 per cent), conditions known to be optimal for aphid reproduction in accordance with Blackman and Eastop (2000). These results were similar with the findings of Rekha and  Mallapur (2007) who reported that the aphid, A. craccivora peak incidence was noticed in large number froms september to first week of october with a population range of 30.5 to 50.0 and 8.4 to 11.2 aphids per three leaves, respectively. The present findings were also in agreement with the results reported by the earlier workers such as Kumar et al. (2023 ) who observed that the highest incidence of aphids i.e. 42.32 per 3 branches of 10 cm was observed in the 4th week of February (8th SMW) during rabi, 2021-22 on French bean. These results were similar with the findings of Yaqoob et al.(2019) where incidence of aphids commenced from 29th standard week and was lowest (3.30 aphids/3 leaves). The aphid count gradually increased and reached its peak in 32nd SW (47.28 aphids/3leaves) thereafter it declined and was again minimum during 40th SW (5.19 aphids/3 leaves).
Throughout the season, nymphs were the dominant , followed by apterous adults and a smaller fraction of alates. A marked increase in the proportion of alates during 24-25  SMWs  occurred alongside population crowding and declining host quality, indicating the initiation of dispersal behavior to locate new host plants a common adaptive strategy in aphids (Dixon, 1998; Van Emden and Harrington, 2007).
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Fig.1.Population density of aphid, Aphis craccivora on Bean crop under field conditions at Shalimar during year, 2023.
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Fig.2. Population density of aphid, Aphis craccivora on Bean crop under field conditions at Shuhama during year, 2023.
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Fig.3. Population density of aphid, Aphis craccivora on Bean crop under field conditions at Habak during year, 2023.
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Fig.4. Population density of aphid, Aphis craccivora on Bean crop under field conditions at Shalimar during year, 2024.
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Fig.5. Population density of aphid, Aphis craccivora on Bean crop under field conditions at Shuhama during year, 2024.
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Fig.6. Population density of aphid, Aphis craccivora on Bean crop under field conditions at Habak during year, 2024.

3.1. Correlation Between Aphid Population and Weather Parameters (2023–2024)
Correlation analysis across all three experimental locations viz: Shalimar, Shuhama, and Habak during 2023–2024 revealed consistent and statistically significant relationships between aphid population density and key abiotic factors ( Fig. 7). Across sites, maximum temperature showed a strong and highly significant positive correlation with all aphid stages, indicating that warmer conditions strongly promoted aphid multiplication and development. The correlation coefficients for nymphs, apterous, and alate forms ranged between r = 0.521 – 0.634 (p < 0.01) across the three locations. This suggests that rising daytime temperatures enhanced aphid activity, fecundity, and overall colony growth, particularly during the early to mid-season when populations were expanding rapidly. Minimum temperature also exhibited a positive correlation, though generally weaker than that of maximum temperature. Significant associations were observed mainly for the nymphal and apterous stages (r = 0.228* – 0.329**, p < 0.05), implying that milder night temperatures may support aphid survival and continuous reproduction during the critical early infestation phase.
[bookmark: _GoBack]In contrast, both maximum and minimum relative humidity displayed a consistent and significant negative correlation with aphid population density across all sites (r = –0.523** to –0.324, p < 0.01). This inverse relationship indicates that higher humidity levels suppressed aphid population buildup, most likely due to the proliferation of entomopathogenic fungi and reduced feeding efficiency under moist conditions. The effect was particularly pronounced for nymphs and apterous forms, which are more vulnerable to microbial infections and cuticular wetness. Among the three locations, Shuhama recorded the highest correlation coefficients between aphid density and maximum temperature (r ≈ 0.634**), suggesting slightly more favorable thermal conditions for aphid development, while Habak showed marginally lower magnitudes, possibly due to microclimatic or edaphic differences. The above results are in agreement with Kataria and Kumar (2016) who stated that “the aphid population was showing positive correlation with high temperature aand  negative correlation with , relative humidity”.  The present findings are also in close agreement with the observations of Chundawat and Ameta (2011) and Siddarth et al. (2017), who reported “a significant positive correlation between maximum temperature and aphid population , indicating that rising temperatures favor aphid multiplication and activity. Notably, strong positive correlations between maximum temperature and aphid  population suggest a potential role of temperature in influencing aphid dynamics over the longer term. Relative humidity, particularly the average of 3 days before aphid inspection, demonstrates a significant positive strong correlation, underscoring the importance of humidity as a factor influencing aphid  populations”. The significance of correlations, especially with maximum temperature and relative humidity, resonates with the broader literature on aphid responses to climate. Sun et al. (2022) and Wains et al. (2010) highlighted the positive correlation between temperature and aphid population growth, while Kishor et al.(2023) underscored the “importance of relative humidity in shaping aphid abundance”. “The findings of this study align with prior research, particularly in confirming the significant influence of mean temperature on A. craccivora abundance” (Mahmoud et al., 2017) while as according to Patel and Jena (2024) the minimum temperature had highly significant positive correlation with the population of A. craccivora, . The results are also in conformity with Prakash and Tomar (2010) who also found similar correlation pattern of aphid population with weather parameters. These findings are also supported by Khating et al. (2016) who also observed positive correlation of aphid count with maximum, minimum temperature. Nevertheless, the overall trends remained remarkably uniform across all field sites, underscoring the strong and predictable influence of temperature and humidity on the seasonal dynamics of Aphis craccivora in the Kashmir Valley.
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Fig. 7. Correlation between abiotic factors and population of different stages of Aphis craccivora (nymphs, apterous, and alates) across three locations (Shalimar, Shuhama, and Habak) during 2023 and 2024.

4. Conclusion
The population dynamics of Aphis craccivora in the Kashmir Valley are primarily governed by the interplay of temperature and relative humidity, which strongly influence its seasonal incidence and fluctuation. Favorable moderate temperatures during the early to mid-growing season promote rapid population buildup, with densities peaking around the crop’s pod formation stage. Statistical correlations indicate that aphid incidence increases significantly with rising temperatures up to an optimal threshold (approximately 22–26 °C) and moderate relative humidity (65–75%), conditions that enhance reproduction and survival. Beyond these ranges, particularly under higher humidity or elevated temperatures, aphid populations decline sharply due to reduced reproductive efficiency and increased mortality. Thus, the characteristic seasonal trend from gradual establishment to a pronounced peak followed by rapid decline closely mirrors the prevailing temperature and humidity patterns across the valley.
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Population density of aphid, Aphis craccivora on Bean crop under field conditions at
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Population density of aphid, Aphis craccivora on Bean crop under field conditions
at Shuhama during 2024
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Population density of aphid, Aphis craccivora on Bean crop under field conditions at Habak
during year 2024
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