


Determining the effect of aphid infestation on growth and development of mustard with different weather regimes
[bookmark: _GoBack]
 

Abstract:

This study investigates the impact of weather parameters on the population dynamics of the mustard aphid, Lipaphis erysimi, in Brassica crops. A field experiment was conducted using Randomized Block Design with four treatments: black mulch, transparent mulch, straw mulch, and control plot. Aphid population observations were recorded at 5-day intervals from January 10, 2015, to March 6, 2015. The results revealed that aphid population peaked during the third week of February to the first week of March, with a maximum average population of 238.25 aphids per plant. Correlation analysis showed a positive relationship between aphid population and temperature (maximum and minimum), sunshine hours, with correlation coefficients of 0.57, 0.57, and 0.310, respectively. Conversely, negative correlations were observed with relative humidity, rainfall, and wind speed. The study also found that mulch treatments significantly affected aphid population, with straw mulch recording the highest average population (107.42 aphids per plant). The findings suggest that conducive weather conditions, particularly temperature and sunshine hours, are crucial role in aphid population dynamics. The results of this study can inform strategies for managing aphid populations in Brassica crops, such as optimizing sowing dates and using mulch treatments. Furthermore, the study's findings on the relationship between weather parameters and aphid population dynamics can contribute to the development of predictive models for aphid population management. Overall, this study provides valuable insights into the complex interactions between weather parameters, mulch treatments, and aphid population dynamics in Brassica crops.
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Introduction.

India is the third largest producer of oil seeds in the world and accounts for 19% of the world’s area and 9% of the global production (Sinha, 2003) [26]. Rapeseed and mustard (Brassica sp.) are the second most important oilseed crop in the country after groundnut. In India rapeseed and mustard are cultivated in an area of 56 lakh ha with a production of 66 lakh tonnes and with an average yield of 1182 kg/ha (DACNET, 2009-10) [7]. However, the productivity of mustard is comparatively low as compared to other countries. Among the various factors which are responsible for reducing the yield of mustard, insect pests are the major ones. Mustard aphid, Lipaphis erysimi (Kalt) (Homoptera: Aphididae), is the most serious pest of this crop and is the limiting factor in the successful cultivation of mustard, causing a 35 to 73 per cent reduction in yield (Rohilla et al., 1987) [21]. It is therefore, essential to keep this pest under control for getting a profitable harvest. Mustard aphid is a cosmopolitan insect and found on both of the leaf surfaces and in leaf folds of developing heads, on inflorescence and on silica (Nelson and Rosenheim, 2006) [19]. Nymph and adult aphids suck saps from leaf, stem, inflorescence and pod and as a result the infected plant shows stunted growth, curled and mottled leaves, withered flower and deformed pod (Begum, 1995) [3]. In nature, the distribution and abundance of living organisms are determined by the combined effect of different components of an ecosystem (Sinha et al., 1989) [25]. Several studies have indicated that weather factors and plant microclimatic factors like within canopy air temperature and relative humidity, surface soil moisture play an important role in the appearance and multiplication of aphids (Kumar et al., 1999 and Adak et al., 2012) [14, 1]-. Daily accumulated temperature in relation to aphid population has been studied by many researchers (Khan and Jha, 2010) [13]. Aphid population depends on the growth of the crops, and it was found that growths of the crop are linearly related to growing degree days (Rao et al., 2013) [20]. Several studies have investigated the effect of microclimate on survival and development rate of aphid populations, mostly in relation to temperature accumulation, only under controlled conditions, but not in field conditions. Therefore, to ensure an effective and economical management of this pest the current study focuses on the effect of the plant microclimate viz, within canopy air temperature and humidity, surface soil moisture, accumulated growing degree days (AGDD), humid thermal ratio (HTR) and leaf area index (LAI) on incidence of aphid population.
Material And Method
The study was conducted at the Norman E. Borlaug Crop Research Centre of G.B. Pant University of Agriculture and Technology, Pantnagar, district Udham Singh Nagar Uttarakhand. The area lies in the“Tarai” belt located in the foothills of the Shiwalik range of the Himalayas at 28.97°N latitude, 79.41°E longitude and at an altitude of 243.8 m above sea level. 
The climate of Pantnagar falls under sub-humid sub-tropical climate with severe cold and hot summers. It has summer season from March to June, a rainy season from July to October and a cold winter season from November to February. The total annual rainfall in the area is about 1459 mm, of which 80% is received from June to September by the SW monsoon. May is the hottest month of the year, and the maximum temperature rises to 41.5±1.5°C. However, the lowest temperature can be as low as 1.5±1.0°C in January. Maximum relative humidity remains in the range of 90-95 per cent which is experienced during the monsoon season and 80-85 per cent during the winter season. On average, wind speed ranges from 1.5 to 16.4 km/ hr while open pan evaporation ranges from 1.0 to 19.6 mm/day, which varies from the Winter/Rabi season. 
Experimental details
Duration of experiment- Rabi 2014, Mustard (November to April)     
1. Site of experiment- Norman E. Borlaug C.R.C., Pantnagar. 
2. Experimental design- - Randomized block design- ,3. Total number of treatments- 4,
4. Total number of replications- 4
5. Total number of plots- 16
6. Plot size- 6.0 m × 4.0 m = 24 m²
7. Total plot size- 16×24= 384 m²   
8. Spacing Row to row: 45 cm
9. Plant to plant: 10 cm
10. Total number of rows/plots: 12 rows/plot
11. Variety– Varuna
12. Date of sowing- 1st December, 2014
Observations
· Observations on the population dynamics of mustard aphids were taken in all the treatments. Five plants are tagged randomly from each plot and the population count of mustard aphid/ 10cm twig was measured a periodical interval of 5 days from initial appearance to final disappearance. The population of mustard aphid was estimated by counting the number of aphids (nymphs and adults) as described by Singh and Sachan (1994).
· The weather data i.e. (Maximum temperature (°C), Minimum temperature (°C), Relative humidity (%), Bright sunshine hours (hrs), Rainfall (mm), Wind speed (km/hr)) are recorded, from the agro meteorological observatory, 50 mt away from the experimental site. Height of the plant, number of leaves/5 plant in a plot.
· The infestation rating of mustard aphid was observed on mustard by counting @ of 5 aphids/plant.
3.5 	Data analysis 
The data analysis is based on the population of mustard aphids by taking as dependent variable and weather parameters as independent variables at the time of first appearance of aphid on the mustard crop, and they were correlated using the multiple variate regression equation.  Observations for studying the population of aphids for the growth and development of mustard were taken up with different treatments, viz, black, transparent, and straw mulches, compared with the control. The experiment was conducted in a randomized block design with four treatments and four replications in statistical way by using STPR 3. STPR 3, a statistical method through which randomized block design of aphid population was shown in a table with significant and non-significant values.
3.5.1 Correlation coefficient
Comparison between weather parameters and aphid population.
Correlation coefficient is a statistical relationship between two or more random variables or observed data values. The correlation coefficient (a value between -1 and +1) tells you how strongly two variables are related to each other. We can use the CORREL function or the Analysis Toolpak add-in in Excel to find the correlation coefficient between two variables.
 A correlation coefficient of +1 indicates a perfect positive correlation. As variable X increases, variable Y increases. As variable X decreases, variable Y decreases. A correlation coefficient of -1 indicates a perfect negative correlation.	A correlation coefficient near 0 indicates no correlation.
To use the Analysis Toolpak add-in in Excel to quickly generate correlation coefficients between multiple variables, execute the following steps.
1. On the formula tab, click more functions
2. Select-statistical, click 
3. Then the CORREL function 


Result and Discussion 
The observation recorded on the population of Lipaphis erysimi on mustard at different weather parameters in the present title “Study of aphid (Lipaphis erysimi) dynamics in Brassica in -relation to weather regimes” has been presented in this chapter with the help of tables and graphs, wherever necessary. The salient findings of the experiment have been categorized and presented under the following sub- heads. 
	Experiment was conducted in Randomized Block Design with 4 treatments namely black mulch, transparent mulch, straw mulch and control plot. The crop was sown on 1.12.2014 and harvested on 2.4.2015. Observations on aphid population on mustard Varuna variety where taken from 10.1.2015 to 6.3.2015 at an interval of 5 days. The total numbers of observations during the crop season are 14.
3.1 Influence of different mulches on aphids population in mustard.
	In case of mulches increase in aphid population is observed compared to the control plot, where the aphid population is lowest. Therefore, it is recommended that the mustard crop can be grown without mulches as the control plot has shown lowest aphid population. Effect of different mulches is to increase the aphid population by conserving the moisture for a long period.  
. The maximum aphid population in plastic mulch might be due to direct impact the microclimate around the plant by modifying the radiation budget (absorptivity vs. reflectivity) of the surface and decreasing the soil water loss. 
Similarly result also reported by the colour of mulch also largely determines its energy-radiating behaviour and its influence on the microclimate around a vegetable plant. Colour affects the surface temperature of the mulch and the underlying soil temperature. Another important factor is the degree of contact between the mulch and soil, or by not being taut, often quantified as a thermal contact resistance, will greatly influence the performance of mulch. The soil temperature under a plastic mulch depends on the thermal properties (reflectivity, absorptivity, or transmittance) of a particular material in relation to incoming solar radiation. 
The results regarding population dynamics of the mustard aphid due to mulch during 2014 are presented in the Table 1. It revealed that the population of mustard aphids















Table 1: Influence of different mulches on aphids population in mustard.

	Parameter
Treatment
	APHIDS POPULATION

	
	10.1.15
	15.1.15
	20.1.15
	25.1.15
	30.1.15
	4.2.15
	9.2.15
	14.2.15
	19.2.15
	24.2.15
	1.3.15
	6.3.15
	11.2.15
	16.2.15
	average

	Straw mulch
	43.25
	47.50
	59.00
	69.25
	78.00
	88.00
	129.00
	149.25
	209.00
	228.50
	238.25
	79.33
	58.00
	27.50
	107.42

	Transparent mulch
	40.50
	49.75
	57.33
	67.50
	76.50
	85.75
	128.00
	147.00
	206.50
	226.00
	236.00
	76.33
	56.25
	24.67
	105.58

	black mulch
	37.25
	44.00
	54.50
	63.75
	73.75
	84.00
	124.50
	142.00
	202.67
	222.33
	233.00
	73.25
	53.33
	23.25
	102.26

	Control plot
	33.75
	42.00
	52.50
	62.50
	73.00
	82.67
	123.33
	142.33
	203.67
	222.67
	232.50
	72.50
	52.67
	22.00
	101.29

	General mean
	38.69
	45.81
	55.83
	65.75
	75.69
	85.1
	126.2
	145.14
	205.46
	224.87
	234.94
	75.35
	55.06
	24.35
	

	CD at 5%
	5.17
	3.52
	2.78
	2.72
	2.67
	1.63
	3.17
	2.56
	4.01
	2.45
	2.39
	2.68
	2.41
	2.68
	

	CV
	8.36
	4.8
	3.11
	2.59
	2.2
	1.2
	1.57
	1.1
	1.22
	0.68
	0.64
	2.22
	2.73
	6.89
	



appeared 2nd week of January and observed increasing throughout the subsequent data of observation. The maximum (238.25) average number of aphids per plant was counted from 25th February to 1st March. While, after that the aphid population drastically decreased. However, among different mulches the average maximum (107.42) of aphid population was recorded in straw mulch, followed by transparent mulch (105.58) and black mulch, while, lower number of aphid population was recorded in the control plot.
	The dynamics of the mustard aphid population might be due to direct impact on microclimate around the plants by modifying the radiation budget of the surface resulting in the development of optimum climate conditions for aphid development and reproduction. An infestation level in the first week of January of 36-63 aphids on the roots of individual plants was reported by Singh and Singh (1988).
3.2	Relation of weather parameters with aphid population during the experimental year.
The results on aphids population statistics on weather parameters are presented in Table 2 and depicted in figure 1. The figure showed the increasing trend with increasing number of observations except 12th to 14th observations. The aphid population initiation of infestation was observed on 10th January and reached its peak on 11th observation i.e., on March (1.3.2015) when the maximum temperature was 26.5°C and minimum was 14.5°C was recorded while, the maximum and minimum relative humidity was recorded-with 89% to 60% of respectively. However, gradual decline of aphids population was recorded from 12th and 14th observation and aphids population ranged from 75.4 to 24.4 aphids per plant. The variation in the population trend is because of the direct effect of weather variables.
              During the present investigation, it is observed that the maximum number of aphids population was counted from the 3rd week of February to 1st week of March which and may be due to the suitable climatic conditions which rapidly enhanced the aphid reproductive system, resulting a greater number of offspring. The present findings are in confirmation with Ansari et al. (2007) who reported that the initiation of infestation of mustard aphids was observed on 11th January at 60 DAS at a mean temperature and relative humidity of 11.4°C and 79% respectively.   
Table 2: Statistics of aphid population on weather parameters during year 2014-2015.
	Observation
	Aphid population
(No)
	Temperature
(°C)
	Relative humidity (%)
	Rainfall
(mm)
	Wind speed (Kmph)
	Sunshine hours (hrs)

	
	
	max
	Min
	max
	Min
	
	
	

	1
	38.7
	16.5
	9.4
	98
	81
	0
	5
	2

	2
	45.8
	15.8
	7.4
	93
	65
	0
	3.2
	3.2

	3
	55.8
	16
	8.7
	95
	78
	0
	2.7
	3.4

	4
	65.7
	17.1
	7.8
	94
	73
	2.2
	4.9
	2.8

	5
	75.3
	16.5
	8.5
	95
	73
	0
	4.8
	2.2

	6
	85.1
	20.6
	8.3
	86
	57
	0
	6.3
	5.5

	7
	126.2
	21.9
	7.9
	94
	57
	0
	3.6
	6.1

	8
	145.1
	23
	6.7
	92
	46
	0
	4.1
	7.9

	9
	205.4
	24.1
	12
	86
	55
	0
	3.5
	4.8

	10
	224.9
	27
	13
	92
	55
	0
	3.9
	6.2

	11
	234.9
	26.5
	14.5
	89
	60
	2.1
	3.9
	4.7

	12
	75.4
	21.1
	10.5
	92
	56
	14.2
	14.6
	5.9

	13
	55
	25.9
	10.9
	87
	45
	0
	6
	8.2

	14
	24.4
	26.8
	12.5
	89
	49
	0.3
	4.5
	5.2

	Correlation coefficient (r)
	0.566
	0.507
	-0.327
	-0.313
	-0.069
	-0.214
	0.310

	SD
	4.34
	2.39
	3.67
	11.59
	3.78
	2.92
	1.96

	Covariance
	162.87
	80.55
	-79.72
	-240.99
	-17.26
	-41.46
	40.28



Figure 1: Aphid population trend during the experimental year.
It is found that temperature and relative humidity are a key abiotic factor that regulates insect population dynamics, developmental rates, and seasonal occurrence. By computing population trends with observation records, it is possible to know the occurrence of outbreaks in the area under study and would certainly help in formulating pest management strategies against  L.erysimi  (Campbell et al. 1974; Logan et al. 1976). 
It was seen that the major period of activity of the aphid population was from the middle of December to the end of February (Prasad and Chakravarty, 2000).
The aphid population per plant were studied in relation to the different weather parameters and the relationship between aphid populations and weather parameters are presented periodically in figures are as follows.
Maximum temperature: The relationship between maximum temperature and aphid population were depicted in figure 2 and showing the increasing trend with increasing temperature. The linear trend line was fitted between maximum temperature and aphid population with equation y = 9.322x - 94.84 and R² = 0.32. While, positive correlation coefficient (0.57) was found with respect to maximum temperature and aphid population.
Minimum temperature: Similarly minimum temperature also showing increasing trend and the linear equation in   y = 15.15x - 45.41 with R² = 0.26 in (figure 3) and positive correlation coefficient (0.57) between studied variable.
The present study showed that the average temperature positively correlated with aphid population because of the more conducive temperature during crop growth period in Tarai region of Uttarakhand. Positive correlation between average temperature and aphid population was reported by Rashid et al. (2009) in mustard. Increase temperatures are more conducive for aphid multiplication but relative humidity had negative effect on aphid population was reported by Singh and Malik (1998). The temperature accumulation value during rabi season to be more reliable than mean temperature for for warming the infestation of L.erysimi on mustard (Chakravarty and Gautam, 2004).

Figure 2:  Relationship between Maximum Temperature and Aphid Population

Figure 3:  Relationship between Minimum Temperature and Aphid Population.
Maximum & Minimum Relative Humidity
 	Significantly negative correlation was observed between aphid populations and both maximum and minimum relative humidity (Table 2). Whereas linear equation was fitted between observed aphid population and both relative humidity respectively (figure 4 & 5).

Figure 4: Relationship between Relative Humidity (maximum) and Aphid      Population.
The linear equation between maximum relative humidity and aphid population is
 y = -6.362x + 686.7, while, linear equation between minimum relative humidity and aphid population is y = -1.931x + 221.3 with R² = 0.11 and R² = 0.09, respectively. The present findings are in agreement with the reports of Singh and Malik (1998) who reported negative relationship between humidity and aphid intensity. Infestation of mustard aphid is largely governed by the average temperature and negatively by mean relative humidity also reported a by Ansari et al. (2007). Slightly decrease maximum aphid population was observed in the season when relative humidity is in the range between 86% and 95%. 
	Rainfall: The Relationship between rainfall and aphid population is depicted in Figure 6 and showing the negative relationship. The linear trend line was fitted between rainfall and aphid population that showing a decreasing trend with linear equation y = -1.301x + 105.8
R² = 0.01 respectively.













Figure 5: Relationship between Relative Humidity (minimum) and Aphid Population.
Significantly negative correlation (-0.069) was reported among rainfall and aphid population and it might be due to no rainfall was received throughout the investigation period except first week of March (14.2mm) after which the aphid population drastically decreased in the field may be due to washing or dowing (Table 2). This finding is in full agreement with the report of Bakhetia and Sindhu (1983), who reported that the slight rainfall quickly reduced the aphid population in the field.  
Narang et al. (1983) reported the rainfall can cause reduction in aphid population significantly and suddenly. Simulated rainfall of 10.00 to 20.00 mm reduced aphid population by 45.47-66.43 percent. 

Figure 6: Relationship between Rainfall and Aphid Population.
Wind speed: Statistically negative correlation (-0.214) was observed between wind speed and aphid population during the present investigation (Table 2) while, linear relationship was fitted both the variables and negative relationship was found. The linear equation is y = -5.226x + 130.6 and R² = 0.05. However, the maximum aphid population ranging from 205.4 to 234.9% per plant was counted when wind speeds are 3.5 to 3.9 km/hr i.e. moderate wind speed. The wind speed ranged from 2.7 to 14.6 km/hrs which shows a wide variation that might help males aphids to continue foraging for calling females in the vicinity when wind velocities inhibit flight. A significant proportion of females called at wind speed up to 4 m/sec, whereas males’ flight behaviour in clean air was inhibited at velocities > 2 m/sec as reported by Goldanraz and Meneil. (2006) and also observed that males continued to lack over the range of wind speed at which females called. Under constant wind velocities in a wind tunnel, males determined to call females oriented on the upwind edge of the release stand, and fewer individuals took flight at low constant wind speeds than in a clean air plume.    

Figure 7: Relationship between Wind Speed and Aphid Population.
Sunshine hours: As during the winter season sunshine duration increases, aphid population and from 2-6 hrs day bright sunshine hours are most conducive. The data presented in table 2 and figure 8 clearly showed the positive relationship between aphid population with sunshine hours, and the linear trend line was fitted with the equation  
y = 11.33x + 48.99 and R² = 0.09. Positive correlations (0.310) were observed between the studied variables. A positive correlation between weather parameters and aphid population was reported by Panwar et al. (2014).   

Figure 8: Relationship between Sunshine Hours and Aphid Population

Conclusion

This study examines the impact of weather parameters on the population dynamics of the mustard aphid, Lipaphis erysimi, in Brassica crops. Field experiments using Randomised Block Design with different mulch treatments (black, transparent, straw, and control) revealed that aphid population peaked during the third week of February to the first week of March, with a maximum average population of 238.25 aphids per plant. Correlation analysis showed a positive relationship between aphid population and temperature (maximum and minimum), sunshine hours, while negative correlations were observed with relative humidity, rainfall, and wind speed. The findings suggest that conducive weather conditions, particularly temperature and sunshine hours, play a crucial role in aphid population dynamics, and can inform strategies for managing this pest in Brassica crops.
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