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ABSTRACT 
 	An experiment was conducted at Sardarkrushinagar, Gujarat during rabi season of 2022-23 and 2024-25 to study the effect of sowing dates on insect pests and diseases of cumin. The experiment  was laid out in randomized block design (RBD) with seven dates of sowing viz. 1st Nov (D1), 5th Nov (D2), 10th Nov (D3), 15th Nov (D4), 20th Nov (D5), 25th Nov (D6) and 30th Nov (D7) and four replications. The observations of pest and disease were recorded at weekly intervals starting from appearance. The results revealed that aphid was appeared in 3rd standard meteorological week (SMW) and remained active till the harvest during both the years. Incidence of aphid was observed less in early sown crop as compared to letter sown crop. Maximum temperature in the range 25.0 to 30.0 °C found to be the most influencing weather parameter for initiation and development of aphid. Hence 3rd order polynomial model fitted with Tmax which caused 70.1% variation in aphid population. The incidence of blight disease was appeared in 2nd SMW during 2022-23 and 3rd SMW during 2024-25. Early sown crop suffered with more blight incidence as compared to later sown crop during both the year. Temperature and relative humidity had significant positive impact on disease development. However, maximum temperature and dew found most influencing weather parameters. The multiple linear model developed with Tmin and Dew which explained 93.2% variability in disease intensity.  
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INTRODUCTION
Cumin (Cuminum cyminum L.) is one of the important seed spice crop belongs to family Apiaceae and cultivated in tropical and sub-tropical climate. It has several medicinal properties used for treatment of stimulant, carminative, stomachic, astringent and constructive in diarrhoea and dyspepsia (Malhotra and Vashishtha 2008). Cumin is a high quality source of various nutrient, vitamins and minerals. India is a leading country in the world under area, production, consumption and exporter of cumin. In India, during 2022-23, the area and production of cumin were 7.14 lakh hectares and 4.62 lakh tones respectively with an average productivity of 647 kg ha-1 (Anonymous, 2023). The major seed spices growing area in India is concentrated in arid and semi-arid regions of Gujarat and Rajasthan. These states contribute more than 80 percent of total seed spices production in the country.
 	Pest and disease are major problem in seed spices crops like cumin for successful cultivation. The incidence of various types of pests and diseases are attributed to climate change. The rising temperatures are likely to increase incidence of insect pest infestation in the crops. For example, aphid infestation in cumin is very high if temperatures during the month of January are above normal. Larger difference in day and night temperatures and cloudy conditions during January and February encourage aphids to develop faster. The Alternaria blight disease in cumin is likely to be accentuated because of changing climatic conditions (Lal et al., 2019). Cumin wilt incidence is also going to increase because of rise in moisture stress and soil temperatures. Powdery mildew in fenugreek and coriander is favored by high temperature and high humidity. Normally during the end of January and starting of February month, large fluctuations in day and night temperatures increase the severity of powdery mildew (Khare et al., 2014). High humidity and cloudy weather favour the incidence of insect pests and diseases in the crop. Weather condition not only affects the sowing time of the crop but also affect the incidence and development of pest-disease. Considering these in views, the present study on Cumin (Cuminum cyminum L.) at Sardarkrushinagar” is proposed under different weather conditions.  

MATERIAL AND METHODS
	To find out the effect of weather parameters on insect-pest and diseases of cumin, a field experiment was conducted on cumin at Agronomy Instructional Farm, C. P. College of Agriculture, S. D. Agricultural University, Sardarkrushinagar, during rabi season of 2022-23 and 2024-25. Geographically, Sardarkrushinagar is located at 24o 19' North latitude and 72 o 19' East longitude with an elevation of 155 meter above the mean sea level and situated in the North Gujarat Agro-climatic zone-IV and characterized by arid to semi-arid climate. An experiment was laid out in the randomized block design (RBD) consisted seven dates of sowing viz. 1st Nov, 5th Nov, 10th Nov, 15th Nov, 20th Nov, 25th Nov and 30th Nov as treatments and four replications. All recommended agronomical package and practices of cumin cultivation were followed in same manner in all the treatment. The observations of aphid recorded at weekly intervals as soon as aphid appeared and counted in early morning hours from three umbels (lower, middle and upper) of ten randomly selected plants from all the treatment of sowing dates. Weekly observations on incidence of blight disease were recorded starting with the incidence. The disease intensity was recorded as per 0-5 rating scale given by Jaiman et al. (2013). Randomly selected ten plants from each plot were rated as per following description and per cent disease intensity (PDI) was calculated by using the formula of Wheeler (1969).



 List 1- Disease Intensity recorded using a 0-5 rating scale
	S. No.
	Description
	Grade

	1
	No incidence/ Healthy
	0

	2
	Symptoms on leaf tip and leaves only                                           
	1

	3
	Symptoms on leaves and petiole
	2

	4
	Symptoms on leaves, petiole and stem                                          
	3

	5
	Symptoms on leaves, petiole stem and inflorescence                   
	4

	6
	Symptoms on leaves, stem, inflorescence including seed            
	5


                             	

The daily weather parameters viz. maximum temperature (Tmax), minimum temperature (Tmin), morning relative humidity (RH1), afternoon relative (RH2), bright sunshine (BSS), wind speed (WS), evaporation (EP), rainfall (RF), morning vapour pressure (VP1) and afternoon vapour pressure (VP2) and dew during crop growing seasons recorded in agro-meteorological observatory situated near the experimental site were used and converted into weekly basis as per standard meteorological week (SMW). The weekly population of pest and disease intensity was correlated with corresponding weekly weather parameters as per the procedure outlined by Snedekar and Cocoharan (1967). Weather variables were considered as independent and pest population and disease intensity considered as dependent factors. SPSS v. 20 was used for correlation and regression analysis. On the bases of significant relationship, regression study was performed to develop forewarning equations. Three approaches were attempted to develop the regression models are as follows. However, one best model was selected for each pest-disease.   
1. Linear regression models 
      	The weather parameter which had highest significant correlation coefficient with pest-disease was used to develop simple linear regression models of following form:
Y=m X + C 
	Where, Y = pest population/disease intensity 
		  X = weather parameter
		  C = constant
		  m = rate of change in pests and disease 



2. Multiple regression models
      	Since the pest-disease are not influenced by a single weather parameter but by interaction of more than one variable, hence multiple regression equations were developed. The model of following type was developed. 
	Y = a1X1 + a2X2 + a3X3 +C
 	Where, Y = pest population/disease intensity
		  X1, X2 and X3 = weather variables
		  a1, a2 and a3 are partial regression coefficients
		  C = constant
 3. Curvilinear regression models
      	Since the biological responses are not always linear function of environmental factors hence, curvilinear regression technique was used to develop best models. Scattered plotting of pest population was performed with each weather variables and best model was selected based on highest R2 value. Following four type of curve fitting techniques were attempted. 
1.	Logarithmic (Y = a ln (X) + C)
2.	Exponential (Y = a eX)
3.	Power regression (Y = a Xb)
4.	Polynomial regression (Y = a1 X2 + a2 X + C) 
	Where, Y = pest population
		  X = weather parameter
		  a, b, a1 and a2 are coefficients
		  C = constant
 
RESULTS AND DISCUSSION
1. Population dynamics of aphids 
      	The aphid populations under different dates of sowing during the year 2022-23 and 2024-25 are given in Table 1 and 2 and graphically presented in Figure 1 and 2. The results revealed that incidence of aphids increased with delayed sowing. The aphid appeared in 3rd standard meteorological week (SMW) in all the sowing dates in both seasons. During this period, weekly maximum and minimum temperature was 26.1 and 4.9°C respectively and relative humidity varied 41.7 to 56.8% in the year 2022-23 while, during 2024-25, weekly maximum and minimum temperature was 25.2 and 10.1°C respectively and relative humidity ranged from 29.8 to 84.2%. Aphid population gradually increased with increase in maximum temperature and reached their intensity on peak in 6th SMW, when maximum and minimum temperature reached 30.0 °C and 11.2 °C during 2022-23 and 28.5 °C and 9.8 °C during 2024-25 respectively. Thereafter its population decreased gradually with further increase in temperature. Hence, increasing temperature found to be congenial for aphid development in cumin. The highest population during 2022-23 was recorded 7.0, 9.0, 11.0, 11.0, 13.0, 12.5, and 12.9 aphids per plant in D1, D2, D3, D4, D5, D6 and D7 sown crop respectively. Similarly, the highest population during 2024-25 was recorded 8.0, 9.0, 8.5, 9.1, 10.0, 11.2, and 12.0 aphids per plant in D1, D2, D3, D4, D5, D6 and D7 sown crop respectively. Similar findings also reported by Meena at al. (2009) in coriander. They reported that incidence of aphid started in the second week of January and gradually increased and reached to the maximum intensity in the first week of February. Yadav et al. (2018) also reported that later sown crop (5th December) received more aphids infestation than early sown crop (25th October) in cumin. Yadav et al. (2017) revealed that, incidence of aphid in cumin was started in the last week of December and reached to its peak in fourth week of January. Thereafter the aphid population was gradually declined. The correlation study revealed that aphid population did not show significant correlation with none of the parameters. However, temperature had negative and relative humidity had positive impact for initiation and multiplication of aphid population (Table 5). The results is conformity with findings of Yadav et al. (2017) where they reported that aphid population significant negatively correlation with maximum temperature whereas, morning relative humidity showed positive significant correlation with aphid population.  

Table 1: Aphid population per plant under different dates of sowing during 2022-23 

	SMW
	Tmax
	Tmin
	RH1
	RH2
	No. of aphids per plant

	
	
	
	
	
	D1
	D2
	D3
	D4
	D5
	D6
	D7

	3
	26.1
	4.9
	56.8
	41.7
	1.0
	2.3
	3.0
	3.5
	3.6
	5.0
	4.8

	4
	24.6
	8.7
	67.3
	43.1
	5.8
	6.9
	7.0
	8.2
	10.2
	9.0
	9.2

	5
	25.5
	9.8
	73.7
	41.6
	6.8
	8.0
	9.0
	9.6
	11.6
	10.7
	11.6

	6
	30.0
	11.2
	69.8
	38.0
	7.0
	9.0
	11.0
	11.0
	13.0
	12.5
	12.9

	7
	33.5
	11.1
	60.4
	36.0
	4.0
	6.1
	7.3
	6.8
	9.9
	10.7
	11.0

	8
	34.6
	13.0
	64.6
	36.6
	2.5
	3.0
	3.3
	3.5
	5.5
	7.3
	8.6

	9
	35.8
	15.1
	67.8
	34.4
	1.0
	1.5
	1.1
	1.5
	3.5
	4.3
	5.1


	

Table 2: Aphid population per plant under different dates of sowing during 2024-25
	SMW
	Tmax
	Tmin
	RH1
	RH2
	No. of aphids per plant 

	
	
	
	
	
	D1
	D2
	D3
	D4
	D5
	D6
	D7

	3
	25.2
	10.1
	84.2
	29.8
	0.7
	2.0
	1.0
	1.6
	3.1
	3.6
	4.3

	4
	27.9
	10.8
	85.4
	28.8
	3.9
	6.9
	5.3
	7.3
	6.5
	8.5
	8.6

	5
	28.7
	10.7
	87.8
	27.6
	6.8
	8.0
	7.2
	8.6
	8.9
	10.3
	10.5

	6
	28.5
	9.8
	77.8
	31.0
	8.0
	9.0
	8.5
	9.1
	10.0
	11.2
	12.0

	7
	31.6
	11.9
	80.4
	30.0
	5.4
	7.2
	5.4
	7.0
	8.3
	8.7
	10.0

	8
	32.7
	14.8
	78.4
	29.5
	2.5
	4.4
	4.3
	3.0
	5.0
	6.3
	7.7

	9
	33.3
	16.0
	77.2
	28.7
	0.5
	2.5
	1.1
	1.5
	2.0
	3.5
	4.0



	

   Figure 1: Population dynamics of aphid under different dates of sowing (2022-23)


   Figure 2: Population dynamics of aphid under different dates of sowing (2024-25)
2. Disease dynamics of blight   
      The percent disease incidence (PDI) in different dates of sowing of cumin during the year 2022-23 and 2022-25 are presented in Table 3 and 4 and graphically presented in Figure 3 and 4. The results indicated that early sown crop affected more incidence of blight as compared to later sown crop. During the year 2022-23, the incidence of blight was seen in 2nd standard meteorological week (SMW) in D1, D2 and D3 sown crops, when weekly Tmax and Tmin was 27.3 and 8.6°C respectively, and relative humidity varied from 41.3 to 66.4%. In later sown crop like D4, D5, D6 and D7, blight incidence was started by 2 weeks delay as compare to early sown crops i.e. from 4th SMW in first year (2022-23). The rate of disease progress was high in early sown crop as compared to later sown crop in both the years. In second year of experiment (2024-25), disease appeared in 3rd SMW, when weekly Tmax and Tmin was 25.2 and 10.1°C respectively, and relative humidity varied in between 29.8 to 84.2%. The early sown crop received more disease incidence as compared to later sown crop. The highest incidence of blight during 2022-23 was recorded 33.3, 35.8, 30.5, 28.0, 26.3, 19.0, and 13.7% in D1, D2, D3, D4, D5, D6 and D7 sown crop respectively. Similarly, the highest incidence during 2024-25 was recorded 26.5, 24.2, 25.0, 23.1, 22.0, 18.3, and 14.9% in D1, D2, D3, D4, D5, D6 and D7 sown crop respectively. Vihol at al. (2012) also reported that blight disease appeared during the last week of December and subsequently increased till second week of February. Correlation matrix between blight intensity and weather factors indicated that ambient temperature, relative humidity, vapour pressure as well as dew were found most affecting weather parameters to disease development. The disease incidence was highly significantly and positively correlated with maximum temperature (Tmax), minimum temperature (Tmin), evaporation (EP), morning vapour pressure (VP1), afternoon vapour pressure (VP2) and dew. The highest significant correlation was found with Tmax (r= 0.878**) followed by EP (r= 0.807**) (Table 5). Vihol at al. (2012) also reported that, maximum and minimum temperature had positive correlation whereas morning and evening relative humidity had negative correlation with disease intensity of cumin. 

 Table 3: Incidence of blight disease under different dates of sowing during 2022-23
	SMW
	Tmax
	Tmin
	RH1
	RH2
	Blight intensity (PDI)

	
	
	
	
	
	D1
	D2
	D3
	D4
	D5
	D6
	D7

	2
	27.3
	8.6
	66.4
	41.3
	2.1
	2.8
	1.2
	0.0
	0.0
	0.0
	0.0

	3
	26.1
	4.9
	56.8
	41.7
	4.2
	3.6
	3.1
	0.0
	0.0
	0.0
	0.0

	4
	24.6
	8.7
	67.3
	43.1
	12.5
	11.3
	14.3
	16.5
	15.7
	9.6
	4.7

	5
	25.5
	9.8
	73.7
	41.6
	22.3
	23.8
	20.0
	21.2
	16.5
	10.8
	6.7

	6
	30.0
	11.2
	69.8
	38.0
	25.0
	27.8
	22.9
	21.5
	18.0
	14.1
	9.6

	7
	33.5
	11.1
	60.4
	36.0
	27.6
	31.3
	25.3
	22.6
	20.1
	15.5
	10.4

	8
	34.6
	13.0
	64.6
	36.6
	30.0
	33.5
	28.8
	25.0
	23.2
	17.3
	11.3

	9
	35.8
	15.1
	67.8
	34.4
	33.3
	35.8
	30.5
	28.0
	26.3
	19.0
	13.7




 Table 4: Incidence of blight disease under different dates of sowing during 2024-25
	SMW
	Tmax
	Tmin
	RH1
	RH2
	Blight intensity (PDI)

	
	
	
	
	
	D1
	D2
	D3
	D4
	D5
	D6
	D7

	3
	25.2
	10.1
	84.2
	29.8
	4.6
	2.1
	3.1
	0.0
	0.0
	0.0
	0.0

	4
	27.9
	10.8
	85.4
	28.8
	13.0
	9.9
	12.6
	11.3
	6.0
	9.0
	5.5

	5
	28.7
	10.7
	87.8
	27.6
	16.5
	14.0
	15.0
	14.0
	13.0
	10.8
	7.6

	6
	28.5
	9.8
	77.8
	31.0
	19.0
	15.6
	16.9
	15.6
	14.6
	13.8
	9.1

	7
	31.6
	11.9
	80.4
	30.0
	22.2
	18.0
	19.3
	18.0
	17.0
	15.5
	10.5

	8
	32.7
	14.8
	78.4
	29.5
	24.0
	22.4
	22.5
	21.0
	19.2
	17.5
	12.4

	9
	33.3
	16.0
	77.2
	28.7
	26.5
	24.2
	25.0
	23.1
	22.0
	18.3
	14.9


             

     Figure 3: Blight incidence (PDI) under different dates of sowing (2022-23) 


  Figure 4: Blight incidence (PDI) under different dates of sowing (2024-25) 
  
Table 5: Correlation coefficient between weather parameters and aphid population and blight 
               incidence (Pooled data)

	Weather parameter

	Correlation coefficient 

	
	Aphid
	Blight 

	Tmax
	-0.281
	0.878**

	Tmin
	-0.305
	0.773**

	RH1
	0.081
	0.079

	RH2
	0.228
	0.187

	BSS
	0.258
	0.462

	WS
	-0.066
	0.322

	EP
	-0.250
	0.807**

	VP1
	-0.297
	0.607*

	VP2
	-0.314 
	0.691*

	Dew
	0.388
	0.612*



3. Forewarning models for aphid
Looking to the correlation matrix between aphid population and different weather parameters, none of the weather parameters had significant correlation with aphid population. So, linear regression analysis could not be performed under invalid case. The pest development and multiplication is directly dependent on temperature of the environment. The pest population is not always linear with the environmental conditions (particularly temperature) because their population is fluctuated over time. The population of aphid was found to increase with an increase in maximum temperature (Tmax) up to 30.0 °C, thereafter the population was found to decrease gradually with further increased in temperature. Therefore, non linear regression equation was developed with Tmax to predict the pest population. The third order polynomial model was fitted in pest population with Tmax which explained 70.1% variability in the aphid population (Table 6). The non linear relationship between Tmax and aphid population is graphically presented in Figure 5. 


Figure 5: Nonlinear relationship between aphid population and maximum temperature

4. Forewarning models for blight
The incidence and development of blight in cumin is mainly dependent on temperature and relative humidity. As the blight intensity (PDI) had highest significant positive correlation (r=0.878**) with maximum temperature (Tmax). The simple regression model was developed with Tmax which explained 65.1% variation in disease development (Figure 6). Dew is another key factor for disease development in cumin. Dew also had significant positive correlation (r=0.612*) with disease intensity. Hence, multiple regression equation developed with the combination of Dew and Tmin through stepwise technique which provided significant improvement over simple regression. These both parameters in combination significantly and positively influenced the disease development of cumin which explained up to 93.2% variability in the disease intensity (Table 6). It may be seen from the equation that an increase in Tmin by 1°C and Dew by 1 mm would increase in disease intensity by 2.20 and 290.20% respectively. The percent contribution of Tmin and dew was 43.6 and 56.4% respectively to the total variation in disease intensity.

 Figure 6: Linear relationship between blight incidence and maximum temperature 

Table 6: Regression models for prediction of pest-disease of cumin    

	Sr. No.
	Regression equation
	R2

	1.

	Non linear regression model for aphid 

	
	Y = 0.016x3 - 1.610x2 + 52.603x - 554.4
	0.701

	2.
	Simple regression model for blight 

	
	Y =  0.355Tmax + 24.423
	0.651

	
	Multiple regression model for blight 

	
	Y= -32.03 +290.20Dew +2.20Tmin  
	0.932 



CONCLUSION
Based on the experimental finding of two year study it may concluded that incidence of aphid and blight was found vary with different sowing. Early sown crop registered less incidence of aphid than latter sown crop while, incidence of blight was observed higher in early sown crop as compared to latter sown crop. Overall, the appearance of aphid and blight were found in 3rd SMW, when the crop was in flowering stage. Among all the weather parameters studied, ambient temperature, relative humidity and dew had significantly positive influence on initiation and development of aphid and blight in cumin which caused up to 70.1 to 93.2% variability in different pest-disease of cumin.   
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D1	3	4	5	6	7	8	9	0.70000000000000062	3.9	6.8	8	5.4	2.5	0.5	D2	3	4	5	6	7	8	9	2	6.9	8	9	7.2	4.4000000000000004	2.5	D3	3	4	5	6	7	8	9	1	5.3	7.2	8.5	5.4	4.3	1.1000000000000001	D4	3	4	5	6	7	8	9	1.6	7.3	8.6	9.1	7	3	1.5	D5	3	4	5	6	7	8	9	3.1	6.5	8.9	10	8.3000000000000007	5	2	D6	3	4	5	6	7	8	9	3.6	8.5	10.3	11.2	8.7000000000000011	6.3	3.5	D7	3	4	5	6	7	8	9	4.3	8.6	10.5	12	10	7.7	4	SMW
No. of aphid/plant

D1	2	3	4	5	6	7	8	9	2.1	4.2	12.5	22.3	25	27.6	30	33.300000000000004	D2	2	3	4	5	6	7	8	9	2.8	3.6	11.3	23.8	27.8	31.3	33.5	35.800000000000004	D3	2	3	4	5	6	7	8	9	1.2	3.1	14.3	20	22.9	25.3	28.8	30.5	D4	2	3	4	5	6	7	8	9	0	0	16.5	21.2	21.5	22.6	25	28	D5	2	3	4	5	6	7	8	9	0	0	15.7	16.5	18	20.100000000000001	23.2	26.3	D6	2	3	4	5	6	7	8	9	0	0	9.6	10.8	14.1	15.5	17.3	19	D7	2	3	4	5	6	7	8	9	0	0	4.7	6.7	9.6	10.4	11.3	13.7	SMW
Blight incidence (PDI)




