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ABSTRACT

[bookmark: _Hlk149568995]The incidence of rice pests like the rice yellow stem borer (Scirpophaga incertulas Walker) and the rice leaf folder (Cnaphalocrocis medinalis Guenee) can be influenced by a variety of factors, including planting dates, planting methods, and weather parameters. The planting dates were categorized as early planting (15th June), timely planting (5th July) and late planting (25th July) at 20 days intervals. The early transplanted rice crops had the lower pest incidence recording 12.39 per cent dead hearts/white ear due to yellow stem borer and 7.49 percent Leaf damage due to incidence of rice leaf folder as compared to late transplanted rice crop which recorded 21.75 per cent DH/WE (Dead Heart/White Ear) due to incidence of yellow stem borer and 13.91 percent DL (Damaged Leaves) due to rice leaf folder. Mean percentage of tiller damage was significantly higher in puddled direct seeding (14.67%) as compared to direct seeding (11.77%) followed by timely transplanting (4.40%) whereas the incidence of leaf folder in different planting methods mean percentage leave damage was significantly higher in timely transplanting (15.39%) as compared to direct seeding (12.83%) followed by puddled direct seeding (11.72%). Maximum and minimum temperature, wind speed and morning relative humidity had a negative effect on stem borer per cent dead heart and white ear head and leaf folder concerned, maximum temperature, morning relative humidity, evening relative humidity and rainfall had positive correlation at different planting dates whereas, maximum and minimum temperature, evening relative humidity had a positive effect on stem borer per cent dead heart and white ear head and leaf folder concerned, maximum temperature and morning relative humidity and evening relative humidity had positive correlation at different planting methods.. The findings of the study reveal that the planting dates and methods influenced greatly to the magnitude of pest incidence in rice crop. The research findings of the study reveal that early and normal transplanting can reduce the insect pest incidence in the rice crop, particularly, rice stem borer and rice leaf folder and farmers can harvest a good yield. It is obvious that delayed transplanting and other methods of transplanting would have more severe pest incidence and there by the huge grain yield losses. 
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1. INTRODUCTION
Rice (Oryza sativa L.) is the most important and staple food for the Asian subcontinent including a large proportion of India’s population especially for the eastern and southern regions (Civan et al., 2019). India is a major producer of rice in the world, responsible for around 20% of the total world’s rice production (Muthayya et al., 2014). The country ranks first worldwide in area under rice cultivation, while it ranks second in production, consumption and exportation after China (Bandumula, 2018). India grows rice in 43.79 million hectare with production of 116.42 million tonnes and the productivity of 2659 kg per hectare (Dash et al., 2021). The world food grain production analysis shows the requirement of 137.29 million tonnes rice to cater the food supply to 1.51 billion worlds’ population by the end of years 2030-31(Mohidem et al., 2022). Insect pest scenario in rice continues to be dynamic and of immense significance (Ali et al., 2021). Changing climate and its concomitant effect on cropping systems add to cultivation woes of the rice farmers particularly in tackling the changing pest profiles (Bhatt et al., 2019). The warm and humid climatic condition being conducive for many pests, form a major constraint for increasing rice production in this ecosystem (Uyeh et al., 2021). It is attacked by more than 100 insect pests at their different stages of growth and development (Iamba and Dono, 2021). However, few pests such as stem borer, plant hoppers and leaf folder have consistently posed serious challenges in rice cultivation but in the agro-ecological situations of Bihar the yellow stem borer (Scirpophaga incertulas Walker) and the rice leaf folder (Cnaphalocrocis medinalis Guenee) have been identified as the major threat to the rice crop causing substantial damage to the rice crop causing 18 to 40 per cent yield losses (Singh and Singh, 2017). As the area under cultivation is gradually being decreased and demand for enhanced production is increasing to make available the food security to growing population, it is therefore imperative to increase the production by using technology to the one hand and minimize the yield losses due to pest activities to the others (Schneider and Asch, 2020). Manipulating the sowing or planting dates is one of the effective tools to restrict the insect pest from its harmful pest activities as the harmful effects of using pesticides for pest control have posing several threats to mankind and ecological repercussions. Keeping in view of above facts, the present investigation was undertaken.
2. MATERIALS AND METHODS
The experiment was conducted at Rice research farm of RPCAU, Pusa in Randomized Block Design during the years 2019 and 2020 with rice variety ‘Rajendra Mahsuri 1’. The experimental site was located at 25.980 N and 85.67 0 E with an altitude of 52.0 m above mean sea level. The climate of experimental site is sub-tropical characterized with moderate precipitation, hot and dry summer and cold winter with maximum yearly rainfall (about 90 %) received due to south-west monsoon during June to October and the months of December to February receiving occasional and light winter showers. April, May and June are the hottest months while December and January are the coldest. The temperature varies between 60C to 450C with maximum in May – June and minimum in December-January while the RH ranged from 60 percent to 93 percent. Field trial has been undertaken with three planting dates as early planting, normal planting and late planting at 20 days interval on an area of 500 m2 to assess the effect of planting dates on pest incidence. Each plot of planting dates has been divided into 10 sub plots of 50 m2 areas. The rice variety ‘Rajendra Mahsuri 1’ was sown at 20 days interval i.e. May 26th, June 15th and July 5th and transplanted on June 15th, July 5th and July 25th in both the years respectively under Randomized Block Design with 10 replications (Sub plots) at 20 × 15 cm spacing with two seedlings per hill. The recommended dose of fertilizer (N:P: K) i.e. 80:40:40 kg/ha was applied to the crop in two splits i.e. 50 % N, full dose of P205 and K20 during final land preparation and remaining 50% N in two splits i.e. at the tillering stage and at the time of panicle initiation. No chemical insecticides were used for allowing the pest and natural enemies to multiply. Observations were recorded in each sub plot taking 5 randomly selected hills to record the number of dead hearts per hill, number of silver shoots for rice stem borer and number of damaged leaves for rice leaf folder at an interval of 10 days after the first appearance of the pest and finally grain yield was worked out to assess the impact of pest incidence on the yield of the crop at the time of crop harvest.  Rice yellow stem borer and leaf folder damage assessment 
% Dead heart = (Number of dead hearts) / (Number of total tillers) x100
% White ear = (Number of white ears) / (Number of total tillers) x100
% Leaf folder damage =   Total number of damaged leaf/10 hills_________   x100
                                          Total number of leaves (damaged + healthy)/10 hills

Influence of weather parametes viz., mean maximum temperature (ºC), mean minimum temperature (ºC), mean morning relative humidity (%), mean evening relative humidity (%), average wind speed (Kmph), total rainfall (mm), total evaporation (mm) was correlated with the stem borer and leaf folder damage and they were analysed using SPSS Package. Simple correlation was worked out and regression equation was developed between the ten weather parameters viz., maximum temperature (T max), minimum temperature (T min), morning relative humidity (MRH), evening relative humidity (ERH), windspeed (WS), sunshine rainfall (RF) and evaporation (EP) and stem borer and leaf folder damage per cent for different crop growth stages for different date of planting. 
3. RESULTS AND DISCUSSION
3.1. Effect of planting dates on incidence of rice yellow stem borer and leaf folder
The studies on incidence of stem borer in different planting time in rice indicate that the total number of tillers, number of dead heart or white ear head and % of total tiller damage varied between 78.70 to 86.80, 8.00 to 11.70 and 9.56 to 14.11%, 77.10 to 86.20, 10.20 to 15.20 and 11.91 to 17.64%, 87.20 to 94.40, 14.50 to 20.90 and 15.36 to 24.02% (Table 1) (Figure 1) for early, timely and late planting respectively. These studies further revealed significant differences in total number of tiller (F=98.70, 98.70, 13.70; df=2,8; P<0.001), number of dead heart or white ear head (F=15.80, 18.90, 29.70; df=2,8; P<0.001) and % of total tiller damage (F=17.80, 19.50, 35.80; df=2,8; P<0.001) for early, timely and late planting of rice respectively. Highest % of DH was recorded in early and late planting condition at 90 DAT But the percentage of DH in timely planting at 50 DAT was 17.64%. The mean percentage of total damage of tiller was significantly higher in timely planting as compared to early planting and maximum in late planting. Furthermore, the incidence of leaf folder in different planting time in rice indicate that total number of leaves, number of damaged/5 hills and % leave damage varied from 329.20 to 330.90, 22.20 to 27.20 and 6.76 to 8.22%, 327.50 to 331.30, 32.10 to 40.10 and 9.80 to 12.10%, 330.30 to 340.80, 43.10 to 50.00 and 12.69 to 15.12% for early, timely and late planting respectively. These studies further revealed significant differences in total number of leaves (F=379.60, 394.30, 378.80; df=1,4; P<0.001), number of damaged/5 hills (F=34.80, 67.50, 67.40; df=1,4; P<0.001) and % leave damage (F=7.90, 54.30, 19.80; df=1,4; P<0.001) for early, timely and late planting of rice respectively. Highest percentage of leave damage was reported at 50 DAT whereas lower in 30 DAT in early, timely and late planting. Mean percentage of damage leaf was significantly higher in late planting as compared to other two. The present findings are almost in close conformity with the reports of earlier workers Khalid et al. (2015), Magunmder et al. (2013), Prasad (2020), Rani and pillai (2012) and Shamim et al. (2009) at different agro climatic locations. Rani and Pillai (2012) observed that pest activities in paddy crop are influenced by the date of transplanting and early transplanted crops have less pest incidence might be due to reason that the susceptible growth stages of the crop might have completed before the occurrence of harmful stages of pest concerned. Litsinger et al. (1987) also had the similar observations and recorded higher pest incidence in late transplanted rice crops against those of early transplanted crops. Degree of stem borer infestation depended upon the planting time. Stem borer infestation at the first planting time was higher (average 37.90%) compared to those found at the second and third planting time, i.e., 0.65% and 0.54%, respectively (Suharto and Usyati, 2005). Shamim et al. (2009) recorded the higher infestation of green leaf hopper in late season during their study in Gujrat region. Magumnder et al. (2013) found that early planted rice crop had lower pest and natural enemies than later transplanted rice (after 30th August). Early transplanting was beneficial for reduction of damage caused by leaf folder because it reduces the pressure of the leaf folder. They also recorded higher grain yield in early transplanted rice crop’ field and lowest in crop planted during the second fortnight of the August. Rajpoot et al. (2019) studied that the early planting (1st July) was most effective to control incidence of yellow stem borer. Tetarwal et al. (2014) observed that reduction of the population of brown plant hopper (Nilaparvata lugens Stal.) in early transplanted rice crop is due to presence of higher population of its predators in field. It is obvious from the findings of the present study and those of the earlier works that the early sowing and transplanting of rice crop would be more beneficial for getting crop yield.	Comment by Ameilia Zuliyanti Siregar: Please added discussion about life cycles of pest related with environmental factors, especially time of planting and water level.
3.2. Effect of planting methods on incidence of rice yellow stem borer and leaf folder
The studies on incidence of stem borer in different planting method in rice indicate that the total number of tiller, number of dead heart or white ear head and % of total tiller damage varied between 1.75 to 14.25, 0.00 to 1.75 and 0.00 to 20.20%, 1.50 to 11.25, 0.00 to 2.00 and 0.00 to 21.32%, 2.50 to 17.25, 0.00 to 1.50 and 0.00 to 9.86% (Table 2) (Figure 2) for puddled direct seeding, direct seeding, normal transplanting of rice respectively. These studies further revealed significant differences in total number of tiller (F=34.70,17.50,27.60; df=6,24; P<0.001), number of dead heart or white ear head (F=2.30,6.50,14.80; df=6,24; P<0.001) and % of total tiller damage (F=37.90,37.40,13.70; df=6,24; P<0.001) for puddled direct seeding, direct seeding, normal transplanting of rice respectively. Mean percentage of tiller damage was significantly higher in puddled direct seeding as compared to direct seeding followed by normal transplanting. Furthermore, the incidence of leaf folder in different planting method in rice indicate that total number of leaves, number of damaged/5 hills and % leave damage varied from 6.50 to 41.25, 0.00 to 6.00 and 0.00 to 20.14%, 5.75 to 33.00, 0.00 to 5.50 and 0.00 to 18.06, 8.75 to 67.50, 0.25 to 12.50 and 3.75 to 21.04% for puddled direct seeding, direct seeding, normal transplanting of rice respectively.These studies further revealed significant differences in total number of tiller (F=36.50,19.30,29.40; df=6,24; P<0.001), number of dead heart or white ear head (F=4.10,8.30,17.50; df=6,24; P<0.001) and % of total tiller damage (F=39.70,39.20,15.50; df=6,24; P<0.001) for puddled direct seeding, direct seeding, normal transplanting of rice respectively. Mean percentage of leaf damage was significantly higher in puddled direct seeding as compared to direct seeding followed by normal transplanting Maximum (r = 0.13), minimum temperature (r = 0.12), evening relative humidity (r = -0. 28) had a positive effect on stem borer per cent dead heart and white ear head and leaf folder concerned, maximum temperature (r = 0.17), morning relative humidity (r = 0.57) and evening relative humidity (r =0.07) had positive correlation at different planting methods. Furthermore, Khalid et al. (2015) observed the incidence of rice stem borer on different seeding techniques (direct seeding on flat/ridges, transplanting on flat/ridges and parachute planting) in transplanted and direct wet-seeded rice. Adult moth appearance was counted 30, 45 and 60 days after sowing (DAS) while number of white heads per plant recorded 90 DAS. The lowest borers’ incidence was observed in transplanting and parachute planting after 30, 45 and 60 DAS. The paddy yield was higher (5.9 and 6.5 t ha-1) in transplanting on flat during both experimental years. Kakde and Patel (2015) observed that the data on seasonal occurrence of rice leaf folder, Cnaphalocrocis medinalis Guenee revealed that the peak level reached during 4th week of September (39th SMW) when leaf damage due to leaf folder was 2.30% under conventional method and 2.66% under SRI method.
3.3. Effect of weather parameters with different days after planting of rice and their association of with yellow stem borer and leaf folder induced tiller and leaf folder damages
The studies on variation of weather parameters with days after planting in rice indicate that maximum and minimum temperature, morning and evening relative humidity, wind speed, rainfall and evaporation varied between 20.80 to 34.20°C and 23.50 to 28.80°C, 92.00 to 85.00% and 71.00 to 83.00%, 0.00 to 7.40 km/hr, 0.00 to 138.70 mm, 2.10 to 5.20 mm respectively (Table 3) (Figure 3). These studies further revealed significant differences in maximum (F=67.30; df=6,24; P<0.001)  and minimum (F=36.70; df=6,24; P<0.001)  temperature, morning (F=196.50; df=6,24; P<0.001) and evening (F=87.70; df=6,24; P<0.001)  relative humidity, wind speed (F=9.70; df=6,24; P<0.001), rainfall (F=167.50; df=6,24; P<0.001)  and evaporation (F=9.70; df=6,24; P<0.001). The correlation analysis of various weather parameters with stem borer induced tiller damage and leaf folder induced leaves damage revealed that under early planting and timely planting conditions (Table 4), maximum (r = -0.63), minimum temperature (r = -0.70), wind speed (r = -0.80) and morning relative humidity (r = -0.67) had a negative effect on stem borer per cent dead heart and white ear head and leaf folder concerned, maximum temperature (r = 0.17), morning relative humidity (r = 0.57) and evening relative humidity (r = 1.00) and rainfall (r = 0.95) had positive correlation at different planting dates. Furthermore, rainfall was found to have positively significant relationship with stem borer damage and leaf folder damage under timely planting and late planting conditions. Moreover, the correlation analysis of stem borer and leaf folder damage under puddled direct seedling, direct seeding and normal transplanting conditions with diverse weather parameters also revealed that weather factors were significantly correlated with stem borer damage (Table 5), while, the association was found to be non-significant for leaf folder damage. Rainfall had significant and negative association with the stem borer damage under puddled direct seedling condition, but total evaporation had significant and negative association under normal transplanting conditions. Baruah and Dutta (2020) revelled that Maximum temperature and morning relative humidity had a significant positive effect on borer infestation as dead heart and white ear head. The variation in the planting times work as a means of cultural control by creating asynchrony between crop and insect pests’ phenology along with crop-weather-pest interaction help in developing forewarning system to warn the farmers in advance to avoid manageable yield loss by stem borer incidences. Furthermore, Jasrotia et al. (2019) suggested that, yellow stem borer infestation exhibited significant negative correlation with morning relative humidity, evening relative humidity and rainfall. The correlation of incidence of leaf folder damage was found to be significantly positive with maximum and minimum temperature. Other weather parameters showed a non-significant positive and negative relationship with the yellow stem borer and leaf folder population. The studies indicated the role of weather parameters on the abundance of yellow stem borer and leaf folder infestation in rice. 	Comment by Ameilia Zuliyanti Siregar: Put the score of maximum temperature in the morning	Comment by Ameilia Zuliyanti Siregar: put the score for suitable to grow up insects in environmental systems.

4. CONCLUSION
The research findings on the basis two years experimentation and pooled data (2019 and 2020) reveal that the planting dates and methods influenced greatly to the magnitude of pest incidence in rice crop. It is obvious from the study that early and normal transplanting of rice seedlings can reduce the insect pest attack on the rice crop, particularly, rice stem borer and rice leaf folder and farmers can harvest a good yield. Now it has also been confirmed that delayed and other methods of transplanting (after 30th July or more) would have more chances of insect pest incidence and there by a huge grain yield loss. With the results of present findings conducted at the RPCAU, Pusa rice growing farmers of the Bihar Agro-climatic regions can produce higher yield with less incidence of insect pest on the rice crop which will also enable the farmers to grow early / timely wheat and others crop. This time management not only reduces the pest incidence of respective crops but also enabled farmers to harvest targeted yield which will helpful in doubling the farmer’s income. Among these parameters relative humidity and rainfall played major role which explained maximum variability on yellow stem borer and leaf folder incidence at different methods and planting dates.
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	[bookmark: _Hlk134434247]Table 1: Stem borer and leaf folder damage mean during kharif 2019 and 2020 at different date of planting

	Stem Borer
	Early planting
	Timely planting
	Late planting

	DAT
	Total Tiller
	DH/WE
	% tiller damage
	Total Tiller
	DH/WE
	% tiller damage
	Total Tiller
	DH/WE
	% tiller damage

	
	per 5 hills
	per 5 hills
	 
	per 5 hills
	per 5 hills
	 
	per 5 hills
	per 5 hills
	 

	30 DAT
	84.00
	8.00
	9.56
	85.60
	10.20
	11.91
	94.40
	14.50
	15.36

	50 DAT
	86.80
	11.70
	13.50
	86.20
	15.20
	17.64
	87.20
	20.90
	24.02

	90 DAT
	78.70
	11.10
	14.11
	77.10
	13.50
	17.55
	88.20
	22.80
	25.87

	Mean 
	83.17
	10.27
	12.39
	82.97
	12.97
	15.70
	89.93
	19.40
	21.75

	F value
	98.70
	15.80
	17.80
	98.70
	18.90
	19.50
	13.70
	29.70
	35.80

	LSD
	2.90
	1.80
	2.10
	3.10
	2.60
	1.80
	1.90
	2.30
	1.80

	Leaf folder
	Early planting
	Timely planting
	Late planting

	DAT
	Total leaves
	Damaged leaves/5hills
	% leaves damage
	Total leaves
	Damaged leaves/5hills
	% leaves damage
	Total leaves
	Damaged leaves/5hills
	% leaves damage

	30 DAT
	329.20
	22.20
	6.76
	327.50
	32.10
	9.80
	340.80
	43.10
	12.69

	50 DAT
	330.90
	27.20
	8.22
	331.30
	40.10
	12.10
	330.30
	50.00
	15.12

	Mean 
	330.05
	24.70
	7.49
	329.40
	36.10
	10.95
	335.55
	46.55
	13.91

	F value
	379.60
	34.80
	7.90
	394.30
	67.50
	54.30
	378.80
	67.40
	19.80

	LSD
	1.20
	1.80
	1.90
	1.80
	1.80
	1.90
	2.90
	3.10
	1.90
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Figure 1: Representing Stem borer and leaf folder damage mean during kharif 2019 and 2020 at different date of planting. The results showing that late planting cause more damage in case of stem borer as well as leaf folder

	Table 2: Stem borer and leaf folder damage mean during kharif2019 and 2020 at different planting methods

	Stem Borer
	Puddled Direct Seedling
	Direct Seeding
	 Normal Transplanting

	DAT
	Total Tiller
	DH/WE
	% Tiller damage
	Total Tiller
	DH/WE
	% Tiller damage
	Total Tiller
	DH/WE
	% Tiller damage

	15 DAT
	1.75
	0.00
	0.00
	1.50
	0.00
	0.00
	2.50
	0.00
	0.00

	30 DAT
	5.25
	1.00
	19.17
	5.25
	0.50
	8.57
	11.50
	0.00
	0.00

	45 DAT
	8.75
	1.25
	14.82
	11.25
	1.50
	14.66
	17.25
	0.50
	3.57

	60 DAT
	14.25
	1.75
	13.21
	11.00
	1.25
	11.99
	16.25
	1.00
	6.30

	75 DAT
	11.50
	1.75
	16.37
	13.00
	1.50
	12.44
	16.75
	1.50
	9.86

	90 DAT
	9.00
	1.75
	20.20
	9.50
	1.25
	13.43
	16.75
	1.00
	6.28

	105 DAT
	9.25
	1.75
	18.95
	10.25
	2.00
	21.32
	16.00
	0.75
	4.80

	Mean
	8.54
	1.32
	14.67
	8.82
	1.14
	11.77
	13.86
	0.68
	4.40

	F value
	34.70
	2.30
	37.90
	17.50
	6.50
	37.40
	27.60
	14.80
	13.70

	LSD
	3.20
	1.10
	2.90
	1.89
	0.70
	2.80
	1.50
	0.70
	1.40

	Leaf Folder
	Puddled Direct Seedling
	Direct Seeding
	 Normal Transplanting

	DAT
	Total leaves
	Damaged leaves/hill
	% Leaves damage
	Total leaves
	Damaged leaves/hill
	% Leaves damage
	Total Leaves
	Damaged leaves/hill
	% Leaves damage

	15 DAT
	6.50
	0.00
	0.00
	5.75
	0.00
	0.00
	8.75
	0.25
	3.57

	30 DAT
	20.25
	2.75
	14.78
	18.00
	3.00
	17.28
	40.25
	6.75
	17.72

	45 DAT
	28.00
	3.00
	11.70
	31.00
	3.75
	13.16
	67.50
	10.75
	16.29

	60 DAT
	41.25
	4.25
	10.82
	30.25
	3.25
	11.74
	61.50
	12.00
	19.82

	75 DAT
	31.50
	6.00
	20.14
	33.00
	5.50
	18.06
	61.25
	12.50
	21.04

	90 DAT
	27.25
	3.50
	13.93
	25.50
	3.50
	13.32
	63.50
	9.00
	14.55

	105 DAT
	30.50
	3.25
	10.68
	27.50
	3.75
	16.28
	60.00
	8.75
	14.72

	Mean
	26.46
	3.25
	11.72
	24.43
	3.25
	12.83
	51.82
	8.57
	15.39

	F value
	36.50
	4.10
	39.70
	19.30
	8.30
	39.20
	29.40
	17.50
	15.50

	LSD
	7.90
	1.30
	2.10
	1.80
	1.20
	3.60
	1.60
	0.90
	1.70



	
Figure 2: Depicting Stem borer and leaf folder damage mean during  kharif 2019 and 2020 at different planting methods. The results showing that in case of stem borer puddled direct seedling cause more damage in comparison with direct seeding and normal transplanting. Where as in case of leaf folder damage normal transplanting cause more damage in comparison with puddled direct seedling and direct seeding.










	Table 3: Mean value of meteorological parameters during kharif2019 and 2020

	Days
	Temperature (0C)
	Relative Humidity (%)
	Wind speed
	Rainfall 
	Evaporation

	
	Max
	Min
	Morning
	Evening
	(Km/hr.)
	(mm)
	(mm)

	15 DAT
	30.40
	25.20
	92.00
	76.00
	5.30
	138.70
	4.20

	30 DAT
	34.20
	27.00
	87.00
	71.00
	7.40
	2.80
	4.90

	45 DAT
	33.60
	26.30
	90.00
	76.00
	4.60
	100.70
	5.20

	50 DAT
	34.00
	26.50
	92.00
	76.00
	5.30
	8.20
	4.70

	60 DAT
	33.30
	27.00
	85.00
	73.00
	6.10
	0.00
	3.40

	75 DAT
	31.00
	24.00
	92.00
	78.00
	1.50
	78.20
	2.10

	90 DAT
	28.80
	23.50
	94.00
	83.00
	0.20
	6.60
	2.70

	105 DAT
	31.60
	28.80
	91.00
	83.00
	0.00
	0.00
	3.40

	Mean
	32.19
	25.64
	90.29
	76.14
	4.34
	47.89
	3.89

	F value
	67.30
	36.70
	196.50
	87.70
	9.70
	167.50
	9.70

	LSD
	1.56
	1.20
	3.56
	1.90
	1.80
	17.80
	1.60



Figure 3: Deciphering meteorological parameters during kharif2019 and 2020 in graphical manner


Table 4: Correlation co-efficient of stem borer and leaf folder damage with meteorological parameters during kharif 2019 and 2020 at different dates of planting
	Weather parameters
	Stem borer damage tillers
	Leaf folder damage leaves

	
	Early planting 
	Timely planting
	Late planting
	Early planting 
	Timely planting
	Late planting

	Temperature (Maximum)
	-0.63
	-0.53
	-0.66
	0.17
	0.33
	0.02

	Temperature (Minimum)
	-0.70
	-0.61
	-0.74
	-0.28
	-0.12
	-0.41

	RH (Morning)
	0.99*
	0.96*
	0.99
	0.57
	0.69
	0.44

	RH (Evening)
	0.88
	0.81
	0.90
	1.00
	0.98*
	0.97

	Windspeed
	-0.80
	-0.73
	-0.83
	-0.96
	-0.99
	-0.91

	Rainfall
	0.91
	0.96*
	0.89
	0.95
	0.88
	0.98*

	Evaporation
	-0.67
	-0.57
	-0.70
	-0.72
	-0.60
	-0.81

	
	
	
	
	
	
	














Table 5: Correlation co-efficient of stem borer and leaf folder damage with meteorological parameters during kharif 2019 and 2020at different planting methods
	Weather parameters
	Stem borer damage tillers
	Leaf folder damage leaves

	
	Puddled Direct Seedling
	Direct Seeding
	Normal Transplanting
	Puddled Direct Seedling
	Direct Seeding
	Normal Transplanting

	Temperature (Maximum)
	0.13
	0.09
	-0.31
	0.13
	0.30
	0.42

	Temperature (Minimum)
	0.12
	0.40
	-0.35
	-0.20
	0.17
	0.08

	RH (Morning)
	-0.04
	0.02
	0.21
	-0.03
	-0.15
	-0.42

	RH (Evening)
	0.28
	0.53
	0.44
	0.07
	0.11
	-0.15

	Windspeed
	-0.40
	-0.60
	-0.62
	-0.29
	-0.29
	-0.06

	Rainfall
	-0.76*
	-0.57
	-0.21
	-0.44
	-0.62
	-0.55

	Evaporation
	-0.23
	-0.25
	-0.83*
	-0.41
	-0.24
	-0.28


*. Correlation is significant at the 0.05 level (2-tailed).
**. Correlation is significant at the 0.01 level (2-tailed).





15 DAT	Total Tiller	DH/WE	% Tiller damage	Total Tiller	DH/WE	% Tiller damage	Total Tiller	DH/WE	% Tiller damage	Puddled Direct Seedling	Direct Seeding	 Normal Transplanting	1.75000000000000	0.0	0.0	1.5	0.0	0.0	2.5	0.0	0.0	30 DAT	Total Tiller	DH/WE	% Tiller damage	Total Tiller	DH/WE	% Tiller damage	Total Tiller	DH/WE	% Tiller damage	Puddled Direct Seedling	Direct Seeding	 Normal Transplanting	5.25	1.0	19.1700000000000	5.25	0.5	8.57	11.5	0.0	0.0	45 DAT	Total Tiller	DH/WE	% Tiller damage	Total Tiller	DH/WE	% Tiller damage	Total Tiller	DH/WE	% Tiller damage	Puddled Direct Seedling	Direct Seeding	 Normal Transplanting	8.75	1.25	14.82	11.25	1.5	14.66	17.25	0.5	3.57	60 DAT	Total Tiller	DH/WE	% Tiller damage	Total Tiller	DH/WE	% Tiller damage	Total Tiller	DH/WE	% Tiller damage	Puddled Direct Seedling	Direct Seeding	 Normal Transplanting	14.25	1.75000000000000	13.21	11.0	1.25	11.99	16.25	1.0	6.3	75 DAT	Total Tiller	DH/WE	% Tiller damage	Total Tiller	DH/WE	% Tiller damage	Total Tiller	DH/WE	% Tiller damage	Puddled Direct Seedling	Direct Seeding	 Normal Transplanting	11.5	1.75000000000000	16.37	13.0	1.5	12.44	16.75	1.5	9.86000000000000	90 DAT	Total Tiller	DH/WE	% Tiller damage	Total Tiller	DH/WE	% Tiller damage	Total Tiller	DH/WE	% Tiller damage	Puddled Direct Seedling	Direct Seeding	 Normal Transplanting	9.0	1.75000000000000	20.2	9.5	1.25	13.43	16.75	1.0	6.28	105 DAT	Total Tiller	DH/WE	% Tiller damage	Total Tiller	DH/WE	% Tiller damage	Total Tiller	DH/WE	% Tiller damage	Puddled Direct Seedling	Direct Seeding	 Normal Transplanting	9.25	1.75000000000000	18.95	10.25	2.0	21.32	16.0	0.750000000000001	4.8	Mean	Total Tiller	DH/WE	% Tiller damage	Total Tiller	DH/WE	% Tiller damage	Total Tiller	DH/WE	% Tiller damage	Puddled Direct Seedling	Direct Seeding	 Normal Transplanting	8.54000000000000	1.32	14.67	8.82	1.14000000000000	11.77	13.8600000000000	0.680000000000001	4.4	



Leaf folder damage at different planting methods
15 DAT	Total leaves	Damaged leaves/hill	% Leaves damage	Total leaves	Damaged leaves/hill	% Leaves damage	Total Leaves	Damaged leaves/hill	% Leaves damage	Puddled Direct Seedling	Direct Seeding	 Normal Transplanting	6.5	0.0	0.0	5.75	0.0	0.0	8.75	0.25	3.57	30 DAT	Total leaves	Damaged leaves/hill	% Leaves damage	Total leaves	Damaged leaves/hill	% Leaves damage	Total Leaves	Damaged leaves/hill	% Leaves damage	Puddled Direct Seedling	Direct Seeding	 Normal Transplanting	20.25	2.75	14.78	18.0	3.0	17.2800000000000	40.25	6.75	17.72	45 DAT	Total leaves	Damaged leaves/hill	% Leaves damage	Total leaves	Damaged leaves/hill	% Leaves damage	Total Leaves	Damaged leaves/hill	% Leaves damage	Puddled Direct Seedling	Direct Seeding	 Normal Transplanting	28.0	3.0	11.7	31.0	3.75	13.16	67.5	10.75	16.29	60 DAT	Total leaves	Damaged leaves/hill	% Leaves damage	Total leaves	Damaged leaves/hill	% Leaves damage	Total Leaves	Damaged leaves/hill	% Leaves damage	Puddled Direct Seedling	Direct Seeding	 Normal Transplanting	41.25	4.25	10.82	30.25	3.25	11.74	61.5	12.0	19.82	75 DAT	Total leaves	Damaged leaves/hill	% Leaves damage	Total leaves	Damaged leaves/hill	% Leaves damage	Total Leaves	Damaged leaves/hill	% Leaves damage	Puddled Direct Seedling	Direct Seeding	 Normal Transplanting	31.5	6.0	20.14	33.0	5.5	18.06	61.25	12.5	21.04	90 DAT	Total leaves	Damaged leaves/hill	% Leaves damage	Total leaves	Damaged leaves/hill	% Leaves damage	Total Leaves	Damaged leaves/hill	% Leaves damage	Puddled Direct Seedling	Direct Seeding	 Normal Transplanting	27.25	3.5	13.93	25.5	3.5	13.32	63.5	9.0	14.55	105 DAT	Total leaves	Damaged leaves/hill	% Leaves damage	Total leaves	Damaged leaves/hill	% Leaves damage	Total Leaves	Damaged leaves/hill	% Leaves damage	Puddled Direct Seedling	Direct Seeding	 Normal Transplanting	30.5	3.25	10.68	27.5	3.75	16.2800000000000	60.0	8.75	14.72	Mean	Total leaves	Damaged leaves/hill	% Leaves damage	Total leaves	Damaged leaves/hill	% Leaves damage	Total Leaves	Damaged leaves/hill	% Leaves damage	Puddled Direct Seedling	Direct Seeding	 Normal Transplanting	26.4600000000000	3.25	11.72	24.43	3.25	12.83	51.82	8.57	15.39	



Meteorological parameters during  kharif 2019 and 2020
Temperature (0C)	Max	15 DAT	30 DAT	45 DAT	50 DAT	60 DAT	75 DAT	90 DAT	105 DAT	30.4	34.2	33.6	34.0	33.3	31.0	28.8	31.6	Temperature (0C)	Min	15 DAT	30 DAT	45 DAT	50 DAT	60 DAT	75 DAT	90 DAT	105 DAT	25.2	27.0	26.3	26.5	27.0	24.0	23.5	28.8	Relative Humidity (%)	Morning	15 DAT	30 DAT	45 DAT	50 DAT	60 DAT	75 DAT	90 DAT	105 DAT	92.0	87.0	90.0	92.0	85.0	92.0	94.0	91.0	Relative Humidity (%)	Evening	15 DAT	30 DAT	45 DAT	50 DAT	60 DAT	75 DAT	90 DAT	105 DAT	76.0	71.0	76.0	76.0	73.0	78.0	83.0	83.0	Wind speed	(Km/hr.)	15 DAT	30 DAT	45 DAT	50 DAT	60 DAT	75 DAT	90 DAT	105 DAT	5.3	7.4	4.6	5.3	6.1	1.5	0.2	0.0	Rainfall 	(mm)	15 DAT	30 DAT	45 DAT	50 DAT	60 DAT	75 DAT	90 DAT	105 DAT	138.7	2.8	100.7	8.2	0.0	78.2	6.6	0.0	Evaporation	(mm)	15 DAT	30 DAT	45 DAT	50 DAT	60 DAT	75 DAT	90 DAT	105 DAT	4.2	4.9	5.2	4.7	3.4	2.1	2.7	3.4	
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