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EFFECT OF SOWING DATES ON THE SEASONAL ABUNDANCE OF 
MUSTARD APHID, L. erysimi (Kalt) AND ASSOCIATED NATURAL ENEMIES IN VIDARBHA (MAHARASHTRA)


ABSTRACT
[bookmark: _Hlk204106128][bookmark: _Hlk204106283]           Present study on effect of sowing dates on the seasonal abundance of mustard aphid (L. erysimi (Kalt) and natural enemies associated with mustard aphid in Vidarbha region (Maharashtra) along with correlation with weather parameters was carried at the field of AICRP on Linseed and Mustard, Nagpur (Dr. PDKV, Akola) during Rabi 2024-25. Seasonal incidence of mustard aphid was recorded on mustard crop sown on 19th October 2024 (In first week of optimum sowing period recommended by the university), 9th November 2024 (In last week of optimum sowing period recommended by the university), and 6th December 2024 (Late sown condition recommended by the university). The crop sown on 19 October revealed a highest peak of 101.1 aphids/10 cm shoot during the 3rd SMW, a lowest peak of 14.2 aphids/10 cm shoot during 4th SMW for the second sowing date (09 November) and a moderate peak of 57.9 aphids/10 cm shoot was evident for sowing on 06 December during 5th SMW. 
For the crop sown in the first week of optimum sowing period, morning relative humidity showed a significantly positive (0.540*) correlation with aphid population, while other weather parameters were non-significant. For the crop sown in the last week of optimum sowing period all the weather parameters had non-significant correlations with aphid abundance. Under late sown condition, maximum and minimum temperatures showed significantly negative (-0.526*/-0.566**) correlation with aphid population, while, other weather parameters exerted non-significant effect. 
For the crop sown in the first week of optimum sowing period and last week of optimum sowing period, both natural enemies registered non-significant correlations with all-weather parameters, whereas, for the crop sown under late sown condition, both the natural enemies, ladybird beetle and D. rapae abundance was significantly correlated negative (-0.545*/0.678**) and negative (-0.644*/-0.642**) with maximum and minimum temperatures, respectively. 
The population of the aphid predator, the ladybird beetle, was significantly and positively correlated with the aphid population for all three sowing dates (0.653*/0.940*/0.816**). In contrast, the correlation of D. rapae with the aphid population was non-significant and negative (-0.018) during the first sowing date, but showed a significant positive correlation during the second and third sowing dates (0.789**/0.770**).
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INTRODUCTION
Brassicas are among the oldest crops known to humanity, with their use dating as far back as 5000 BC (Prakash and Hinta, 1980). Today, rapeseed-mustard (Brassica species) holds an important place among edible oilseeds, ranking second in India and contributing around 28.6% of the country's total oilseed production (Shekhawat et al., 2012). Mustard, specifically Brassica juncea, is a cool-season crop that thrives across various climatic zones. It's valued not just for its oil, but also for its use as green fodder and its nutritional content — rich in protein, carotenoids, and antioxidants (Singh et al., 2004; Lal, 2017). In Maharashtra, mustard is grown on approximately 21,277 hectares. However, the average yield here is only 384 kg per hectare — significantly below the national average. The situation is even more concerning in the Vidarbha region, where the yield drops to just 344 kg per hectare (Anonymous, 2024a).
One of the major biotic constraints affecting mustard yield is the mustard aphid (Lipaphis erysimi), a highly destructive pest prevalent during cooler months, especially from January to March (Biswas and Das, 2000). The aphid colonizes leaves, stems, inflorescences, and pods, leading to substancial yield and oil content losses up to 96% in severe cases (Singh et al., 1980; Lal et al., 2018). The pest also facilitates fungal growth through honeydew secretion, severely affecting photosynthesis (Awasthi, 2002; Sharma et al., 2020).
The incidence and population buildup of aphids are strongly influenced by environmental factors such as temperature, humidity, and cloudiness (Chattopadhyay et al., 2005). Natural enemies of mustard aphid like predator, lady bird beetles and parasitoids, D. rapae are known to suppress aphid populations naturally. However, to ensure effective and eco-friendly pest management, there is a need to better understand the seasonal abundance pattern of mustard aphid and associated natural enemies across varying sowing windows and weather conditions.
Understanding the seasonal abundance of aphids and their natural enemies across different sowing dates can help in identifying the most suitable planting window and in devising timely, eco-friendly management strategies. But, there is a lack of information under Vidarbha (Maharashtra) conditions, particularly regarding the influence of sowing dates and prevailing weather parameters, thus present trial was framed. 

MATERIALS AND METHODS
To study the seasonal abundance of mustard aphid, Lipaphis erysimi, and their natural enemies, a field experiment was conducted during Rabi 2024-25 at the field of AICRP on Linseed and Mustard, Nagpur (Dr. PDKV, Akola). The observations were recorded on mustard variety TAM 108-1. Separate plots of size 9.0 m × 9.0 m were prepared and maintained under pesticide-free conditions throughout the crop season. The crop was sown at a spacing of 45 cm × 10 cm and all recommended agronomic practices were followed to raise a healthy crop. 
During the present investigations, three dates of sowing at an interval of three weeks; 19 October 2024 (In first week of optimum sowing period recommended by the university), 09 November 2024 (In last week of optimum sowing period recommended by the university) and 06 December 2024 (Late sowing date recommended by the university) was subjected to record the seasonal abundance of the mustard aphid and associated natural enemies. 
Weekly observations were recorded on 10 randomly selected, tagged plants from each plot. The mean abundance of mustard aphid was recorded by counting the number of aphids (nymphs and adults) on 10 cm terminal portion of the central shoot of each plant. Simultaneously, the occurrence of natural enemies such as predators and parasitoids were also recorded on the same plants at weekly intervals.
Standard meteorological week (SMW) wise meteorological data for different weather parameters like, maximum temperature, minimum temperature, morning relative humidity, evening relative humidity, rainfall, wind speed and bright sunshine hours was obtained from Meteorological Observatory at College of Agriculture, Nagpur. In order to establish relationship between weather parameters and abundance of aphid on mustard and associated natural enemies through simple linear correlation analysis using previous SMW data (n-1).

RESULTS AND DISCUSSION
[bookmark: _Hlk202644333]1 Seasonal abundance of mustard aphid and associated natural enemies on mustard      under different sowing dates. 
Based on weekly monitoring of mustard aphid (Lipaphis erysimi) and associated natural enemies viz., Lady bird beetle and parasitoid (Diaeretiella rapae) in mustard field. The data (Table 1) clearly revealed variations in pest abundance as a function of the date of sowing, most likely due to changing environmental conditions.
1.1 Seasonal abundance of mustard aphid (Lipaphis erysimi), and associated natural enemies (lady bird beetle and parasitoid of mustard aphid, Diaeretiella rapae) for crop sown in first week of optimum sowing period recommended by the university (19 October 2024):
Abundance of mustard aphid (Lipaphis erysimi):
[bookmark: _Hlk202644357]           The seasonal abundance of mustard aphid was recorded on mustard crop sown on 19 October 2024. The observation commenced from 49th Standard Meteorological Week (SMW) till 10th SMW of 2025. The aphid population showed a progressive increase, reaching its peak during the 3rd SMW and then gradual decline was evident. The first noticeable population appeared during 51st SMW with 3.0 aphids /10 cm apical shoot. A sharp rise was observed in subsequent weeks, with a population of 4.2 aphids in 1st SMW, 57.7 aphids in 2nd SMW with the peak population of 101.1 aphids/10 cm twig was registered in 3rd SMW. Thereafter, a decline in aphid abundance was noticed with population declining to 16.5 (4th - SMW), 6.2 (5th - SMW), 15.2 (6th - SMW) and reaching minimal levels by 10th SMW with 0.3 aphids/10 cm shoot.
[bookmark: _Hlk202644377]   These results are in close agreement with Ahuja (1990), who observed that the mustard aphid, Lipaphis erysimi, population began to increase in late December, peaked during January and February and was followed by a gradual decline. Similar results were also reported by Reza et al. (2004), who recorded aphid infestation in the 51st SMW with an initial population of 22.67 aphids/ plant, reaching a peak in the 3rd SMW of January with 318.61 aphids/ plant. 4th and 5th SMW led to a decline in aphid numbers from 274.33 to 186.33 aphids/ plant. 
Abundance of lady bird beetle: 
 The occurrence of lady bird beetle was observed in the 1st SMW, with a very low population of 0.2 beetles/plant. The population gradually increased and attained its peak (3.2 beetles/plant) during the 3rd SMW, which coincided with the highest aphid population (101.1 aphids/10 cm twig). Subsequently, the population of lady bird beetles started declining, recording 2.9 beetles/plant in the 4th SMW, with 1.1 beetles/plant in 5th SMW and dropped to 0.5 beetles/plant by 7th SMW.
[bookmark: _Hlk202644397]Abundance of parasitoid of mustard aphid, Diaeretiella rapae:
The population of D. rapae was observed from 2nd SMW to 10th SMW of Rabi 2024-25. The population of mummified aphids ranged from 0.1 to 2.6 parasitized aphids/ 10 cm twig. Peak infestation of D. rapae was recorded in 6th SMW with 2.6 parasitized aphids/ 10 cm twig. Afterward, the population of aphids and parasitoids declined progressively and was not noticed at the time of crop maturity.
[bookmark: _Hlk202644422]1.2 Seasonal abundance of mustard aphid (Lipaphis erysimi), and associated natural enemies (lady bird beetle and parasitoid of mustard aphid, Diaeretiella rapae) for crop sown in last week of optimum sowing period recommended by the university (09 November 2024):
Abundance of mustard aphid (Lipaphis erysimi):
       	Mustard crop sown on 09 November 2024, the last week of optimum period recommended by the university revealed incidence of aphids from 1st SMW to 12th SMW. The initial aphid incidence was recorded during 1st SMW with mean population of 1.9 aphids/10 cm apical shoot. A gradual increase in population was observed over the next few weeks viz., 2.4 aphids (2nd - SMW), 4.4 aphids (3rd - SMW) and a sharp rise to 14.2 aphids in 4th SMW, indicating the peak aphid population. Subsequently, the population declined to 13.8 aphids (6th - SMW), 12.8 aphids (7th - SMW), 9.2 aphids (8th - SMW) and continued decreasing in the following weeks. By 12th SMW, the aphid count had declined to 1.5 aphids per 10 cm twig.
            These results are in line with findings of Uttam et al. (1993), who reported initial aphid infestation on mustard crops during January, with the population peaking in February and disappearing by the end of March. Similar trend was also reported by Biswas and Das (2000), about the first appearance of Lipaphis erysimi in the first week of January in 1997 and in the third week of January in 1998 across various mustard genotypes, supporting the present findings. The present results on seasonal incidence of mustard aphid are also in close agreement with the result of Maji et.al. (2020), who observed that the aphid infestation on mustard began in the 1st and the 3rd SMW, with highest population of 53.2 per top 10 cm central shoot and 59.47 per 10 cm central shoot, respectively.
Abundance of lady bird beetle: 
The presence of lady bird beetle was first observed in the 2nd SMW, with a very low abundance of 0.5 beetles/plant. The peak population of lady bird beetle (3.3 beetles/plant) was recorded in the 4th SMW. The aphid population was also highest (14.2 aphids/10 cm twig) in this week, indicating a direct correlation between predator and prey abundance. After this peak, the beetle population gradually declined to 2.5 beetles/plant in 5th SMW, 1.8 in 6th SMW, and dropped below 1.0 beetle/plant after the 8th SMW. 
[bookmark: _Hlk203127979]Present study revealed that there is a significant positive correlation of aphid population with lady bird beetle. Present inference is similar with the findings of Dotasara et al. (2021), also reported a significant positive correlation of aphid population with lady bird beetle.
[bookmark: _Hlk202644463]Abundance of parasitoid of mustard aphid, Diaeretiella rapae:
	During the Rabi season of 2024–25, the mummified aphid population was observed from the 1st SMW to the 12th SMW. The population of mummified aphids ranged from 0.1 to 2.3 parasitized aphids/ 10 cm apical shoot plant. The peak abundance of D. rapae was recorded during the 4th SMW with 2.3 parasitized aphids/ 10 cm apical shoot. 
[bookmark: _Hlk202644497][bookmark: _Hlk202634818]1.3 Seasonal abundance of mustard aphid (Lipaphis erysimi), and associated natural enemies (lady bird beetle and parasitoid of mustard aphid, Diaeretiella rapae) for crop sown under late sown condition recommended by the university (06 December 2024):
Abundance of mustard aphid (Lipaphis erysimi):
For the mustard crop sown on 06 December 2024, the late sown time frame than the university recommendation revealed that the incidence of mustard aphid was recorded from the 3rd SMW to the 16th SMW. First appearance of aphid was noticed in 3rd SMW with a population of 5.7 aphids/10 cm twig. A gradual increase in aphid population was evident with 9.8 aphids in 4th SMW and a sharp rise to peak population of 57.9 aphids/10 cm twig during the 5th SMW. Thereafter, the population declined progressively with 45.2 aphids (6th - SMW), 16.9 (7th - SMW), and 4.4 aphids (9th - SMW), eventually reaching minimum levels (≤ 1.0 aphid) by 14th –16th SMW.
   The present findings about peak aphid abundance in 5th SMW was supported by the findings of Dotasara et al. (2021), who observed the peak infestation during the 5th week of January (213.68 aphids per 10 cm terminal shoot) and 4th week of January (168.80 aphids/10 cm terminal shoot) in the 2016–17 and 2017–18, respectively

Abundance of lady bird beetle: 
      	The occurrence of lady bird beetle was recorded initially in the 4th SMW with a population of 1.2 beetles/plant. The population gradually increased and reached its peak (3.2 beetles/plant) during the 5th SMW coinciding with the highest aphid population of 57.9 aphids/10 cm twig. After this peak, the population of lady bird beetle began to decline, recording 2.3 beetles/plant in the 6th SMW, 2.1 beetles/plant in the 7th SMW, and 1.8 beetles/plant in the 8th SMW. 
Abundance of parasitoid of mustard aphid, Diaeretiella rapae:
The abundance of mummified aphids was recorded throughout the aphid infestation period. During the Rabi season of 2024–25, the mummified aphid population was observed from the 3rd SMW to the 9th SMW. The population of mummified aphids ranged from 1.2 to 2.2 parasitized aphids/ 10 cm twig. The peak infestation of D. rapae was recorded during the 4th SMW with 2.2 parasitized aphids/10 cm twig. Subsequently, the population of parasitized aphids gradually declined.
2 Simple linear correlation of weather parameters with mustard aphid and associated natural enemies on mustard crop sown at different dates of sowing recommended by the university.
2.1 Simple linear correlation of weather parameters with mustard aphid, predator, lady bird beetle and parasitoid, Diaeretiella rapae along with correlation of mustard aphid with predator, lady bird beetle and parasitoid, Diaeretiella rapae on mustard crop sown on first week of optimum sowing period recommended by the university (19 October 2024):
Correlation of weather parameters with mustard aphid:
      	During the Rabi season of 2024–2025, the correlation analysis between weather parameters and aphid population on mustard (Table 2) revealed that morning relative humidity (r = 0.548) was positively correlated with aphid population and was significant at the 5% level. Other parameters such as minimum temperature (r = 0.023) and evening relative humidity (r = 0.343) also showed a positive but non-significant correlation with aphid population. In contrast, maximum temperature (r = -0.140), rainfall (r = -0.284), wind speed (r = -0.385), and bright sunshine hours (r = -0.063) exhibited a negative but non-significant correlation with aphid population. 
      	Data of present study indicated that rise in temperature from 300C to 310C lead to decrease in the aphid population. Present findings are supported by findings of Bakhetia and Sidhu (1983), who reported that temperature had a negative impact on the aphid population. 
Correlation of weather parameters with predator, lady bird beetle: 
      	The correlation between population of predator, lady bird beetle on mustard crop with weather parameters revealed that the maximum temperature (r = 0.027), minimum temperature (r = 0.045), morning relative humidity (r = 0.225), evening relative humidity (r = 0.099), and bright sunshine hours (r = 0.061) showed positive correlation, whereas, rainfall (r = -0.228), wind speed (r = -0.398), and evaporation (r = -0.302) showed negative correlation, in statistically non-significant manner.
[bookmark: _Hlk202644577]Correlation of weather parameters with parasitoid, Diaeretiella rapae:
             Correlation study of parasitoid, Diaeretiella rapae population with different weather parameters during Rabi season 2024-2025 indicated that the maximum temperature (r = 0.151), bright sunshine hours (r = 0.408) and wind speed (r = 0.019) showed positive correlation with parasitoid population, whereas, minimum temperature (r = -0.085), morning relative humidity (r = -0.255), evening relative humidity (r = -0.296), rainfall (r = -0.229), and evaporation (r = -0.001) showed negative correlation. However, all the correlations were statistically non-significant.
Correlation of mustard aphid with predator, lady bird beetle: 
               The activities of predatory lady bird beetles was synchronized with peak aphid abundance (during first date of sowing). The correlation studies revealed that the lady bird beetles were significantly correlated in positive manner with mustard aphid population (r = 653) at 5% level of significance.
Correlation of mustard aphid with parasitoid, Diaeretiella rapae (Mummified aphid):
           The correlation study showed that the incidence of mummified aphid was negatively correlated with the mustard aphid population (r = -0.018) in statistically non-significant manner.	
2.2 Simple linear correlation of weather parameters with mustard aphid, predator, lady bird beetle and parasitoid, Diaeretiella rapae along with correlation of mustard aphid with predator, lady bird beetle and parasitoid, Diaeretiella rapae on mustard crop sown on last week of optimum sowing period recommended by the university (9 November 2024):
Correlation of weather parameters with mustard aphid:
         During the second date of sowing, all the correlations were found to be non-significant (Table 2). The parameters like maximum temperature (r = 0.087) and bright sunshine hours (r = 0.387) showed positive correlation with aphid population, whereas, minimum temperature (r = -0.127), morning relative humidity (r = -0.348), evening relative humidity (r = -0.377), rainfall (r = -0.036), wind speed (r = -0.036), and evaporation (r = -0.174) showed negative correlation. 
         The current investigation showed that mustard aphid population with weather parameters were found to be non-significant. These results are in line with those of Mar et. al. (2000), who reported that the aphid population was found to be positively correlated with temperature and negatively correlated with relative humidity and wind velocity. The finding are similar with the finding of Ansari et al. (2007), who observed that the maximum and average temperatures showed a positive but non-significant relationship with aphid numbers, minimum temperatures exhibited a negative yet non-significant effect on the population
[bookmark: _Hlk202644636]Correlation of weather parameters with predator, lady bird beetle: 
Correlation of weather parameters with lady bird beetle population during Rabi season 2024-indicated that the morning relative humidity (r = 0.257) and bright sunshine hours (r = 0.259) showed positive correlation with lady bird beetle population whereas, maximum temperature (r = -0.042), minimum temperature (r = -0.146), evening relative humidity (r = -0.263), rainfall (r = -0.234), wind speed (r = -0.336), and evaporation (r = -0.258) showed negative correlation, though all the correlations were statistically non significant.
Correlation of weather parameters with parasitoid, Diaeretiella rapae:
All the correlations between parasitoid, Diaeretiella rapae and weather parameters were found to be non-significant. Morning relative humidity (r = 0.155), and bright sunshine hours (r = 0.031) showed positive correlation, whereas, maximum temperature (r = -0.125), minimum temperature (r = -0.148), rainfall (r = -0.202), wind speed (r = -0.407) and evaporation (r = -0.401) showed negative correlation.
Correlation of mustard aphid with predator, lady bird beetle: 
The aphid abundance attained its peak at seed development stage of crop with the higher activities of predatory lady bird beetle beetles. The correlation studies revealed that the lady bird beetle was positively correlated with mustard aphid population(r=0.940) in significant manner at 1% level of significance.
Correlation of mustard aphid with parasitoid, Diaeretiella rapae (Mummified aphid):
The correlation study showed that the incidence of mummified aphid was positively correlated in significant manner with the mustard aphid (r=0.789) at 1% level of significance. Study revealed that the per cent parasitisation of mustard aphid increased with increased in aphid abundance.
2.3 Simple linear correlation of weather parameters with mustard aphid, predator, lady bird beetle and parasitoid, Diaeretiella rapae along with correlation of mustard aphid with predator, lady bird beetle and parasitoid, Diaeretiella rapae on mustard crop sown under late sown condition recommended by the university (06 December 2024):
Correlation of weather parameters with mustard aphid:
During the third date of sowing, correlation analysis between weather parameters and aphid population on mustard crop (Table 2) revealed that the maximum temperature (r = -0.526) and minimum temperature (r = -0.566) showed negative correlation, and were found to be statistically significant at 5% level. Morning relative humidity (r = 0.083) and evening relative humidity (r = 0.174) showed positive correlation with aphid population, whereas, rainfall (r = -0.157), wind speed (r = -0.024), and evaporation (r = -0.391) showed negative correlation, in statistically non-significant manner. Thus, it can be concluded that temperature played a significant role in influencing aphid population under the third date of sowing, indicating that a rise in day-time temperatures adversely affects the aphid abundance. These results are in strong agreement with the findings of Dotasara et al. (2021), who reported a strong negative correlation between maximum temperature and aphid population in Rajasthan conditions.
Correlation of weather parameters with predator, lady bird beetle: 
 All correlations of lady bird beetle with abiotic factors except temperature were non-significant (Table 2). Only maximum temperature (r = -0.545) registered significantly negative correlation at 5% level and minimum temperature (-0.644) showed negative correlation at 1% level. Wind speed (r = 0.148) revealed positive correlation with lady bird beetle population, whereas, evening relative humidity (r = -0.032), rainfall (r = -0.252), bright sunshine hours (r = -0.006), and evaporation (r = -0.404) showed negative correlation in non-significant manner.
Correlation of weather parameters with parasitoid, Diaeretiella rapae:
Correlation study revealed that the morning relative humidity (r = 0.361) and evening relative humidity (r = 0.428) showed positive but non significant correlation with the parasitoid population, whereas, the maximum temperature (r = -0.678*), minimum temperature (r = -0.642), and evaporation (r = -0.694*) showed highly significant negative correlation at 1% level. Rainfall (r = -0.198), wind speed (r = -0.216), and bright sunshine hours (r = -0.187) also showed negative correlation, though they were statistically non-significant.
      	These results indicate that high temperature and increased evaporation had a significantly negative impact on the population of D. rapae under late sown conditions. Based on the data, it was found that, the population of mummified aphids as a result of parasitisation by parasitoid, D. rapae showed a negative correlation in significant manner with both maximum (-0.678) and minimum temperatures (-0.642). A decline in mummified aphid numbers was observed during periods of elevated temperatures, indicating that both maximum temperature and minimum temperatures may have suppressed the parasitoid activity, survival, or development. These findings are supported by earlier report of Singh and Malik (2001), who reported that higher temperature conditions adversely affected the parasitisation rate and longevity of aphid parasitoids, leading to reduced abundance of mummified aphids. Similarly, Thoming et al. (2014), noted that temperature extremes can disturb the synchronization between parasitoids and their aphid hosts, thereby reducing effective parasitism and mummification.      
Correlation of mustard aphid with predator, lady bird beetle: 
        	The correlation studies revealed that the lady bird beetle was significantly correlated in positive manner with mustard aphid population (r = 0.816) at 1% level of significance. This trend is similar with the result of Dotasara et al. (2021), who also reported a significant positive correlation of aphid population with lady bird beetle, while weather parameters showed no significant influence.
Correlation of mustard aphid with parasitoid, Diaeretiella rapae (Mummified aphid):
The correlation study showed that the incidence of mummified aphid was positively correlated with the mustard aphid (r = 0.770) in significant manner at 1% level of significance. Study found that the per cent parasitisation of mustard aphid increased with increased in aphid population. 







Table 1: Seasonal abundance of mustard aphid and associated natural enemies on mustard crop under different sowing periods.
	[bookmark: _Hlk203780705]Sr. No.
	SMW
	Mean aphid population /10 cm twig
(First week of optimum sowing period)
	Mean aphid population /10 cm twig (Last week of optimum sowing period)
	Mean aphid population /10 cm twig (Late sowing condition)
	Lady bird beetle/ plant (Adult+Grub) (First week of optimum sowing period)
	Lady bird beetle / plant (Adult+grub) (Last week of optimum sowing period)
	Lady bird beetle /plant (Adult+grub)
(Late sowing condition)
	D. rapae/ 10 cm twig
(First week of optimum sowing period)
	D. rapae/ 10 cm twig
(Last week of optimum sowing period)
	D. rapae/ 10 cm twig
(Late sowing condition)

	1
	49
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	2
	50
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	3
	51
	3.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	4
	52
	7.5
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	5
	1
	4.2
	1.9
	0.0
	0.2
	0.0
	0.0
	0.0
	0.1
	0.0

	6
	2
	57.7
	2.4
	0.0
	1.1
	0.5
	0.0
	0.1
	1.2
	0.0

	7
	3
	101.1
	4.4
	5.7
	3.2
	1.6
	0.0
	0.6
	2.1
	1.2

	8
	4
	16.5
	14.2
	9.8
	2.9
	3.3
	1.2
	2.3
	2.3
	1.8

	9
	5
	6.2
	13.8
	57.9
	2.5
	2.5
	3.2
	2.6
	2.0
	2.2

	10
	6
	15.2
	12.8
	45.2
	1.1
	1.8
	2.3
	2.4
	1.3
	1.1

	11
	7
	2.6
	9.2
	16.9
	0.5
	1.5
	2.1
	2.2
	1.1
	0.8

	12
	8
	1.0
	7.1
	8.0
	0.3
	1.1
	1.8
	0.6
	0.6
	0.6

	13
	9
	0.0
	4.4
	4.4
	0.3
	0.7
	1.5
	0.2
	0.3
	0.2

	14
	10
	0.3
	3.7
	1.9
	0.0
	0.6
	1.3
	0.1
	0.0
	0.0

	15
	11
	0.0
	1.5
	1.6
	0.0
	0.2
	1.1
	0.0
	0.0
	0.0

	16
	12
	0.0
	1.3
	1.1
	0.0
	0.1
	0.0
	0.0
	0.0
	0.0

	17
	13
	0.0
	0.0
	0.2
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	18
	14
	0.0
	0.0
	0.2
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	19
	15
	0.0
	0.0
	0.7
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	20
	16
	0.0
	0.0
	0.3
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0



Table 1 (a) (Contd….) Seasonal abundance of mustard aphid and associated natural enemies on mustard crop under different sowing dates.
	Sr. No.
	SMW
	RF
(mm)
	No. of rainy days
	Temperature
(Max.)
	Temperature
(Min.)
	Morning RH (%)
	Evening RH (%)
	BSH
(hrs)
	WS
(km/hr)
	Evap.
(mm)

	1
	48
	0
	0
	32.3
	15.1
	70.7
	32.7
	7.2
	1.5
	3.0

	2
	49
	0
	0
	29.5
	15.1
	76.1
	43.4
	1.6
	1.8
	2.1

	3
	50
	0
	0
	28.3
	14.1
	78.6
	67.4
	5.4
	2.9
	1.6

	4
	51
	0
	0
	25.5
	12.1
	78.9
	66.4
	8.2
	3.4
	2.3

	5
	52
	0
	0
	28.3
	6.1
	71.8
	69.8
	7.8
	3.3
	2.6

	6
	1
	0
	0
	30.3
	14.1
	81.1
	56.1
	4.2
	1.6
	1.8

	7
	2
	0
	0
	30.3
	14.1
	82.1
	58.4
	5.7
	2.0
	1.9

	8
	3
	0
	0
	31.3
	14.1
	72.9
	45.4
	7.9
	1.9
	1.7

	9
	4
	0
	0
	31.3
	14.1
	61.7
	44.6
	8.2
	2.5
	3.3

	10
	5
	0
	0
	30.3
	12.1
	65.3
	39.6
	8.1
	2.8
	3.5

	11
	6
	0
	0
	32.3
	12.1
	60.0
	32.1
	8.5
	3.0
	3.1

	12
	7
	0
	0
	32.3
	15.1
	57.1
	37.0
	6.8
	4.3
	2.9

	13
	8
	0
	0
	33.7
	15.3
	49.4
	28.1
	7.3
	2.5
	5.3

	14
	9
	0
	0
	36.1
	17.1
	54.6
	30.7
	9.2
	2.7
	6.0

	15
	10
	0
	0
	36.5
	20.3
	62.0
	38.0
	2.6
	8.9
	6.5

	16
	11
	0
	0
	40.3
	18.5
	67.0
	38.0
	2.8
	10.1
	6.9

	17
	12
	0
	0
	40.3
	18.5
	67.3
	37.6
	10.1
	2.8
	6.9

	18
	13
	0
	0
	40.4
	17.1
	65.3
	38.7
	9.3
	3.9
	6.9

	19
	14
	0
	0
	37.5
	19.3
	33.3
	19.7
	9.9
	2.4
	6.9

	20
	15
	0
	0
	38.9
	21.3
	41.4
	26.7
	8.2
	3.1
	6.8


SMW= Standard Meteorological Week, Max= Maximum, Min= minimum, BSH= Bright Sunshine Hour

Table 2: Correlation of mustard aphid with biotic and abiotic factor during Rabi season 2024-2025 under different date of sowing.

	Correlation Parameters
	Weather Parameters
	First week of optimum sowing period (19 October 2024)
	Last week of optimum sowing period
(09 November 2024)
	Late sown condition
(06 December 2024)

	Aphid
	Rainfall
	-0.161
	-0.170
	-0.157

	
	Temperature (Max.)
	-0.140
	0.087
	-0.526*

	
	Temperature (Min.)
	0.023
	-0.127
	-0.566*

	
	Relative Humidity (Mor.)
	0.540*
	-0.348
	0.083

	
	Relative Humidity (Eve.)
	0.343
	-0.377
	0.174

	
	Bright Sunshine Hours
	-0.284
	0.387
	0.000

	
	Evaporation
	-0.385
	-0.095
	-0.391

	
	Lady bird beetle
	0.653*
	0.940**
	0.816**

	
	Diaereteilla rapae
	-0.018
	0.789**
	0.770**

	Lady bird beetle
	Rainfall
	-0.228
	-0.250
	-0.252

	
	Temperature (Max.)
	0.027
	0.042
	-0.545*

	
	Temperature (Min.)
	0.045
	-0.064
	-0.644**

	
	Relative Humidity (Mor.)
	0.225
	-0.146
	-0.036

	
	Relative Humidity (Eve.)
	0.099
	-0.263
	-0.032

	
	Bright Sunshine Hours
	0.061
	0.259
	-0.006

	
	Evaporation
	-0.302
	-0.230
	-0.404

	Diaereteilla rapae
	Rainfall
	-0.229
	-0.194
	-0.198

	
	Temperature (Max.)
	0.151
	-0.139
	-0.678**

	
	Temperature (Min.)
	-0.085
	-0.154
	-0.642**

	
	Relative Humidity (Mor.)
	-0.255
	0.192
	0.316

	
	Relative Humidity (Eve.)
	-0.296
	0.015
	0.428

	
	Bright Sunshine Hours
	0.408
	0.028
	-0.187

	
	Evaporation
	0.004
	-0.440
	-0.694**


*Significant at 5% level of significance, **Significant at 1% level of significance.

CONCLUSION:
         	The crop sown in first week of optimum sowing period recorded the highest aphid population although contrary to the review but with a delayed onset and infestation for a shorter time span. Aphid incidence was on a lower scale for the crop sown in the last week of optimum sowing period with relatively earlier peak. However, under late sown condition the moderate aphid abundance with an early appearance and prolonged infestation period was evident. It was also observed that the population of predator, lady bird increased with the increase in aphid population, indicating a synchronous density dependent relationship. 
         In the first week of optimum sowing period, morning relative humidity showed a significant correlation with aphid population and the ladybird beetle population was significantly correlated with aphid population. For the crop sown in the last week of optimum sowing period, all weather parameters and both natural enemies were non-significant. Under late sown condition, maximum and minimum temperatures showed significant correlation with aphid population and both the natural enemies, ladybird beetle and D. rapae were significantly correlated with maximum and minimum temperatures.
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