




Insect-pests dynamics and Developing Weather Based Forewarning Models for rice crop Insect-pests in the state of Chhattisgarh,India

Abstract: 
Globally, rice is the second most widely consumed cereal next to wheat, and it has occupied an area of 163.2 million hectares, with a total production of 719.7 million tonnes. Rice (Oryza sativa L.) is the world’s most important food crop and is the staple food for 50% of the global population. The main objectives of the investigation are to study the effect of weather parameters on the population dynamics of yellow stem borer, BPH and RLF in rice crop and to develop a weather-based forewarning model. To study the relationship between weather parameters and rice leaf folder population, dataset of collected for weeks 27th SMW to 48th SMW were subjected to correlation analysis using data analysis tool-pack of Microsoft Excel and free flow diagrams. From our investigation of effect of weather parameters on population dynamic the figured out that weeks with declining rainfall (i.e. from last week of September), accompanied by declining humidity is found favorable for infestation of C. medinalis. Adults mate only once and up to 150 eggs are laid per female. Each female lays 1-3 egg masses. Egg masses are usually laid on leaf tips but they are also laid on the base of the stems. Favourable temperature for egg laying of YSB is 24 - 290C and relative humidity 90-100%, Egg period varies from 5-9 days. The number of moults and larval duration (30-40 days) depends on the prevailing temperature which ranges from 17- 350C. From the results it can be concluded that Yellow Stem Borer population is showing high build-up and peak activity during 3rd week of September to 1st week of October and this is verified through light trap catch data also. In the life cycle of the insects in second generation (larva development) peak population reaches if there is matching favourable temperature ranging from 24-310C. Another parameter relative humidity (90-95%) is also found to be favourable in second generation insect development. This study investigates the dynamics of insect-pests affecting rice crop in the state of Chhattisgarh, state  has diverse agro-climatic zones, resulting in various soil types. The major zones are the Chhattisgarh Plains, the Northern Hills Zone, and the Bastar Plateau. Key soil types include red-yellow soil (Matasi), red sandy soil (Tikra), laterite soil (Bhata), and black soil (Kanhar). 
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Introduction :

“Rice (Oryza sativa L.) is the world’s most important food crop and is the staple food for 50% of the global population” (Barrion et al., 2007). “Globally, rice is the second most widely consumed cereal next to wheat and it has occupied an area of 163.2 million hectares, with a total production of 719.7 million tonnes” (Anonymous, 2014). “The history of rice cultivation in China dates from 8000 B.C. to 6000 B.C.” (Lawler, 2009). “In 2009, the rice output of China was about 195 million tons (National Bureau of Statistics of China, http:// www.stats.gov.cn/). India ranks 1st in area (43.95 million ha) and 2nd in production (103.61 million tonnes) after China (2nd advance estimate, 2015-16, Department of Agriculture, Cooperation and Farmers Welfare, Ministry of Agriculture, GOI). Rice being the main source of livelihood for millions of rural household is the backbone for Indian agriculture. The rice plays a very vital role in the national food security; even the rice self-sufficiency in India is precarious. Chhattisgarh, the central eastern state called as the “Rice bowl of India”. Chhattisgarh state has diverse agro-climatic zones, resulting in various soil types. The major zones are the Chhattisgarh Plains, the Northern Hills Zone, and the Bastar Plateau. Key soil types include red-yellow soil (Matasi), red sandy soil (Tikra), laterite soil (Bhata), and black soil (Kanhar) (fig 1.).  The total estimated area of Rice in Chhattisgarh state is 3.76 million ha, production is 7.71 million tonnes and productivity is 2050 kg/ ha, in the year 2014-15” (Krishi Darshika, 2016). The prime causes of low productivity of rice in Chhattisgarh are limited irrigation, lack of improved varieties suitable to different ecosystems, low or imbalanced use of fertilizers and insufficient pest management. 

“Production of rice is affected by various abiotic and biotic constraints out of which the loss caused by insects is major one. They infest all parts and growth stages, are vectors of insect pests and a major factor responsible for low rice yield particularly in tropical Asia, the world’s rice bowl. Rice is attacked by more or less 100 species of insect- pests of which 20 are of economic importance” (Pathak and Dhaliwal, 1981). “Insect-pests such as stem borer (Scirpophaga incertulas), leaf folder (Cnaphalocrosis medinalis), plant/grass hoppers (Sogatella furcifera, Nephotettix spp., and Nilaparvata lugens) were reported as major pests while hispa (Dicladispa  armigera), ear-cutting caterpillar/armyworm (Mythimna separata) and root weevil (Echinocnemus  oryzae) as the minor pests of rice” (Dhaliwal and Singh, 1983; Singh et al., 1993, Singh, et al., 2002 and Butter and Singh, 2005). The occurrence of insect pests in paddy fields is influenced by various factors including weather components, cultivation methods and rice varieties. Among these weather component temperature and humidity are the most important factors.


“For developing any pest management programme for a specific agro- ecosystem, information on abundance and distribution of pests in relation to weather parameters is a basic requirement” (Patel and Shekh, 2006). “The study of agricultural meteorology in relation to insects will be very useful to farmers in all areas where major insect pests are appearing year after year and causing serious damage to the crop” (Adiroubane and Raja, 2010). For survival, breeding and fast multiplication of any insects,  humidity plays a crucial role. Increasing or decreasing of relative humidity will create congenial environment and can create epidemic situation in the area. This is also applicable in rice stem borer. Moreover, the potential rate of development in insect population is strongly dependent on temperature and relative humidity. Statistical models are developed for forewarning about infestation of paddy crops using step-wise regression technique and weather indices modelling technique without using transformation of data. The present study has been undertaken to develop some suitable models to know the dynamics of insect pests in relation to weeks as well as with meteorological variables especially temperature (maximum and minimum), rainfall, relative humidity and sunshine on light trap catches of the aforesaid insect pests. This will enable the period of activity to be determined and early warnings to be issued to avoid the loss to the rice crop caused by the infestation of the insect pests.

“Climatic factors such as temperature, rainfall and relative humidity greatly influence the outbreak of the insect population” (Chen et al., 1968; Heong et al., 2007; Siswanto et al.,2008). “These factors play an important role in seasonal abundance, distribution and population build up of insect pests. It is difficult to find a direct cause and effect relationship between any single factor and pest activity because the impact of meteorological factors on pests is usually compounded” (Garg and Sethi, 1980; Krishnaih et al., 1996; Harinkhree  et al., 1998). The meteorological parameters have along term, even permanent effect in insect population. According to Ramasubramaniun  et al., (2006) rainfall and relative humidity played a significant role in the population build up of yellow stem borer and rice gundhi bug apart.   No other meteorological variables were found to be significant. The habitats and survival strategies of insects are strongly dependent on temperature because they are cold–blooded. 

“Population dynamics of YSB like any other species are thus liable to fluctuate according to the dynamic condition of its environment” (Chen et al., 1968; Khaliq et al., 2014). “Quantification of important mortality factors, both biotic and abiotic is needed to reliably forecast insect populations. Besides, knowledge of the seasonal abundance and population build up trend is essential to ensure timely preparedness to tackle impending pest problems and prevent crop losses” (Das et al., 2008). “Pest population density may be the resultant of weather parameters of several preceding weeks or months. It thus becomes worthwhile to explore relationship of pest population with weather parameters of at least two weeks. Several workers have analyzed influence of weather factors on YSB population and observed temperature, humidity and rainfall to be important ones” (Bhatnagar and Saxena, 1999; Das et al., 2008; Joshi et al., 2009; Mandal et al., 2011; Sharma et al.,2011). “Pest–weather relations are empirical and location-specific in nature and thus need to be established individually for different regions. A forewarning model for rice leaf folder was developed based on peaks of its light trap catches and values of weather parameters observed during 2007–2012. Each of the maximum temperature (°C), morning relative humidity (%), evening relative humidity (%) and sunshine hours (SSH) exhibited highest significant correlation coefficient with leaf folder light trap peaks during 28th standard meteorological week. Forewarning model was thus developed based on maximum temperature, morning relative humidity, evening relative humidity and SSH, wherein these four weather factors together could explain 99 % variability in leaf folder light trap peaks. Likely causes of the leaf folder outbreak that occurred in Punjab during kharif (rainy season) 2012 were also explored. Weather analysis suggested that besides other factors, hotter and drier conditions during June and July in 2012 as compared to other years might have played a role in the leaf folder outbreak” (Singh et al. 2017)


Efficient, economical and environmental-friendly control of the stem borer may be obtained through knowledge of its timing of attack in relation to weather factors, which may enable prediction of its occurrence so as to allow growers to make timely insecticidal sprays for efficient crop management. Earlier reports indicate empirical relationships between different weather factors and pest occurrence through population dynamic and forewarning models on point scale. Therefore in the present study, an attempt has been made to find out the effect of some of these environmental factors on the severity of insect pest and further to assess their impact on yield. These finding may give reliable methods to identify environmental condition that are conducive for a particular insect pest development. The main objectives of the investigation are to study the effect of weather parameters on population dynamics of yellow stem borer, BPH and RLF in rice crop and to develop weather based forewarning model.

The state of Chhattisgarh is divided into three major agro-climatic zones (Fig. 1). These zones are Chhattisgarh Plains (CP), Northern Hill zone (NHZ) and Bastar Plateau (BP) covering 51%, 21% and 28% of the geographical area, respectively. The location of state is such that is close to the Bay of Bengal, which is instrumental in bringing monsoon in southern side of the country. 
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Fig. 1: Chhattisgarh state and its agro-climatic  zones


Methodology: 

The insect population collected through light trap was used to check the pest weather relationship. Light traps with certain modifications were incorporated according to the essential requirement of fields and trapped insects were identified and counted. The trap had four constituent parts i.e. collecting chamber, funnel shaped lid, light source and a lid from the top to protect from unexpected rain showers. Light trap collection was made during the period 2000 to 2023 during rice crop growing season viz. June-November coinciding with 27 Standard meteorological weeks to 48 SMW. It has been observed that the rice insects are more during  37 and 38 SMW onwards. There were sharp increase in YSB collection from 37 SMW (Sep10-16)  to 38 SMW (Sept 17-23) and 43 SMW (Oct 22-28) and further upto 48 SMW (Nov 26-2 Dec) over the period from 2000-2023. The crop stages during the peak infestations was from milking to grain filling stage
 
For development of weather based prediction model, weekly total of daily recorded population and meteorological data ( maximum and minimum temperature (°C), morning (maximum) and evening (minimum) relative humidity (%), sunshine hours (hrs) and rainfall in mm) of each day were obtained from Department of Entomology and the meteorological observatory of the institute respectively from the year 2001 to 2023. Weekly light trap data on Cnaphalocrocis medinalis (Guenee) for years 2000-2023 was collected from Department of Entomology IGKV, Raipur. In this analysis, correlation coefficients (c.c.s) between insect  population and individual meteorological parameters for the corresponding and each of the two  previous weeks have been worked out using the light trap data and significant meteorological parameters were selected for further analysis and developing forewarning models. The correlation coefficients helped in determining the weeks with significant correlation between  insect population and weather parameters which were subjected to further analysis for formulation of forecasting models. The significance was selected as either 1% (0,01) or 5% (0.05) level of confidence.  Selected significant weeks were used for preparing multiple linear regression models using SPSS (Statistical Package for the Social Sciences) 16.0


As per the Standard Meteorological Weeks, week- 27 to 48 were important for the severity of Brown Plant Hopper. However, data of weather parameters and BPH light trap catches of these weeks were taken on the Microsoft Excel spreadsheet. Week wise correlation analysis between insect population and weather parameters was calculated by using data analysis tool. After the calculation of correlation coefficients, by taking n-2 as degree of freedom, significant values were selected. Insect population and weather data of those weeks which were significant either at 1% or 5% level of significance were used for multiple regression analysis.

Results and Discussion

1. Forewarning models of Rice Leaf Folder (RLF): 

“The rice leaf folder, Cnaphalocrocis  medinalis (Guenee) (Lepidoptera: Pyralidae) was earlier considered a minor pest in many Asian countries. However, it assumed major pest status since the 1980s in tropical and sub-tropical Asia. Leaf Folder starts attacking the crop in its larval stage but damages the rice plant through-out the crop growth period. Colonization of leaf folder occurs throughout the cropping period of rice crop, but infestations are generally greater in the reproductive and ripening stages” (Litsinger et. al. 2006). “Adult moth appears golden-yellow or orange-brown with almost perpendicular, dark-coloured inner and outer bands traversing entire forewing. The pest undergoes two to three generations on rice crop. The young larvae feed on open leaves but later feed inside the rolled leaf formed by folding the leaf longitudinally with a sticky substance. The scraped leaves become membranous, turn whitish and finally wither. This activity disturbs the photosynthetic process thus inhibiting plant growth and ultimately reducing the yield. Because of many folded leaves, heavily infested fields appear scorched” (Fraenkel and Fallil, 1981).
[bookmark: _GoBack]“C. medinalis takes about 25-35 days for the complete development from egg to adult passing through five larval instars” (Padmavathi et al. 2013). Among 3 species of RLF – Cnaphalocrocis medinalis (Guenee), Marasmiapatnalis (Bradley) and Marasmiaruralis (Walker); C. Medinalis  is the most dominant one. In the rice ecosystem, temperature is the most important climatic factor, as it has profound influence on the development and survival of most insects. The rate of insect development is affected by the temperature to which insects are exposed (Campbell et. al. 1974). In most of the rice eco-systems studied more than one species of leaf folder exist in complex, thus the management of rice leaf folder is also a complicated one. Thus, an approach towards control of the outbreak that integrates sustainability, economic feasibility and biologically soundness is required for optimum yields. An understanding of the incidence of RLF with its relation to the inherent climate as well as changing weather conditions over the weeks is essential for making a sound strategy towards control of damage that may be caused by the Cnaphalocrocis medinalis.

RLF is a serious pest when the weather conditions are suitable for their growth and multiplication (Fig. 2 , 3and 4). The first- and second-instar rice leaf folder larvae are gregarious and do not fold leaves, but the third- to fifth-instar larvae fold leaves and become solitary. Adult rice leaf folders lay eggs on mature leaves and the first-instar larvae generally feed on the base of young, slightly folded leaves (Fig. 1). C. medinalis takes about 24 days for the complete development from egg to adult passing through five larval instars (Fig 2).  Larva and adult have been shown in Fig. 3.
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[image: ]Fig. 2: Larva of C. medinalis  inside folded leaf
Fig 3: Life cycle of C. Medinalis
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Fig.4:  Larva and adult of rice leaf folder
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(Source:  Open website source) 



Fig. 5: Insect-pest population (RLF) over the different years 
(Source: Dept. Of Entomology, IGKV Raipur , AICRP on rice) 










Weekly variation of RLF population for years 2000 to 2023 along with pheno-phases of the rice  is shown  in Plate (Fig. No. 5).  In this analysis, various indicators and conditions of rice leaf folder Cnaphalocrocis  medinalis based on individual meteorological parameters are considered. Forewarning models have been worked out using the light trap data and significant meteorological parameters. Crop stage of importance, indicator for insect-pests, threshold level for calamities, diagnostic keys and triggers of weather (thumb rules) and favourable conditions as per light trap data are shown in Table-1 below: 
Table 1: Various indicators and conditions of  Rice Leaf Folder Cnaphalocrocis medinalis 
	Crop stage of importance 
	Indicator 
	Threshold level for calamity 
	Diagnostic keys and triggers of weather 
(Thumb rules)
	Favourable conditions as per light trap data, 

	
	
	Severe 
	Moderate 
	Mild 
	
	

	Vegetative to reproductive 21.8stage 
	Longitudi-nal and transparent whitish streaks on damaged leaves, tabular folded leaves, leaf tips sometimes fastened to the basal part of leaf, 
	Heavily infested fields appear scorched with many folded leaves 
	The scraped leaves become membranous, turn whitish and finally wither. This activity disturbs the photosynthetic process thus inhibiting plant growth and ultimately reducing the yield. Because of many folded leaves, heavily infested fields appear scorched
	The young larvae feed on open leaves but later feed inside the rolled leaf formed by folding the leaf longitudin-ally with a sticky substance. 
	Weeks with declining rainfall (i.e. from last week of September), accompanied by declining humidity is found favorable for infestation of C. medinalis. Sunshine hours of 6-8 during SMW 38 to SMW 48 (i.e mid-September to mid-November) is also favourable for development of RLF. While maximum temperature does not have any significant correlation with the population, minimum temperature has an inverse relationship with leaf folder moth population i.e. decreasing minimum temperature also favours C. Medinalis.
	Maximum temp. in the range of 29.5-33.5°C in heading and anthesis stage, Minimum temperature in the range of 21.8-32.9°C in grain filling stage, SSH in the range of 2.9-5.9 hours in tillering stage and relative humidity in the range of 88-95 per cent are calculated as favourable conditions, weather parameters with  1-2 week lag period are found favourable



Correlation Coefficients are drawn for rice Leaf folder and accordingly we have developed forecasting models (Table 2).
Table 2: Forewarning models developed for RLF
	W.No.
	Equation/Model (LF)
	R2
	Correlation coefficient

	36
	Y36= 466.928+(-4.993) (2 week lag RHI)
Y36= 112.30+(-1.37) (2 week lag RHII)
	0.53**
0.33*
	-0.70**
-0.57*

	39
	Y39= (-1852.8) + 76.510 (2 week lag Min temp)
	0.25*

	0.50*



Working on the lines of correlation between weather parameters and RLF population, an effort has been made to correlate minimum temperature with leaf folder population (Fig. 6).
[image: ]ig. 6: Leaf folder relationship with minimum temperature 
Working on the similar lines, we have tried to correlate RH-II with leaf folder population. Interestingly there is negative correlation of RH-II with leaf folder population (Fig. 7). 
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                      Fig. 7: Leaf folder population relationship with RH –II 

To study the relationship between weather parameters and rice leaf folder population, dataset of collected for weeks 27th SMW to 48th SMW were subjected to correlation analysis using data analysis tool-pack of Microsoft Excel and free flow diagrams (Fig. 8). From our investigation of effect of weather parameters on population dynamic we figured out that weeks with declining rainfall (i.e. from last week of September), accompanied by declining humidity is found favorable for infestation of C. medinalis. Sunshine hours of 6-8 during SMW 38 to SMW 48 (i.e mid-September to mid-November) is also favourable for development of RLF. While maximum temperature does not have any significant correlation with the population, minimum temperature has an inverse relationship with leaf folder moth population i.e. decreasing minimum temperature also favours C. Medinalis.
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Fig. 8:  Weather parameters versus Leaf Folder Population

We were able to develop regression models only after week 33. The regression models were developed for week 34 to 38 and 44 to 47 based on significantly weather parameter-population weeks. Weather variation was found within threshold values only for 8-9  weeks which are mentioned here.  Other weeks were omitted due to lack of significant relationship between weather and insect variables as per our analysis. Forewarning models developed only for two weeks as only this period lag is acceptable.  The analysis was made for the weather of corresponding weeks as well as 2 previous weeks termed as week lags. 

2. Forewarning models of BPH: 
To study the relationship between weather parameters and brown plant hopper population, data on both BPH light trap catches and weather parameters viz., maximum temperature (Tmax), minimum temperature (Tmin), rainfall (mm), morning relative humidity (RHI),evening humidity (RHII), wind speed (WS) and sunshine hours (SSH) were collected from crop growing period of 27th SMW to 48th SMW (Standard Meteorological Weeks). Correlation coefficients between BPH light trap catches and each of the weather parameters of the same year was worked out by taking the dataset in Microsoft Excel spreadsheet and analysing correlation coefficients by using the data analysis tool. The correlation coefficients so obtained have been considered to establish the relation between BPH population and weather parameters and draw the forewarning models (Table-3).

Table 3: Forewarning models developed for BPH

	W.No.
	Equation/Model (BPH)
	R2
	Correlation coefficient

	35
	Y35= -1489.7 + 16.366 (2 week lag RHI)
	0.31*
	0.56*

	42
	Y42= (-11986.9)+ 255.5 (1 week RHII)
Y42= 51645.0+ (-1555) (1 week Max temp)
	0.34*
0.24*
	0.58*
-0.49*



Crop stage of importance, indicator for insect-pests, threshold level for calamities, diagnostic keys and triggers of weather (thumb rules) and favourable conditions as per light trap data are shown in Table-4 and Fig. 9 below: 

Table-4: Name of the crop and insect-pests: Rice (Kharif) Brown Plant Hopper (Nilparwata Lugens)
	Crop stage of importance
	Indicator
	Threshold level for calamity
	Diagnostic keys and triggers of weather
(Thumb rules)
	Favourable conditions on the basis of light trap data 

	
	
	Severe 
	Moderate 
	Mild 
	
	

	All stages of plant growth 
	During early infestation stage, round yellow patches appear
	Due to feeding by both nymphs and adults at base of tillers, plants turn yellow and dry up rapidly. 
	Patches soon become brownish due to drying up of plants, this condition is called hopper burn 
	During early infestation stage, round yellow patches appear 
	During monsoon dry and warm period proceeded by heavy precipitation of more than 30 mm per week for at least 2 weeks during September with Tmin. In the range of 21-23°C is conducive for attack. 
Temperature is a critical factor that affects life activities of this insect. The hatchability and survival rate are   highest around 25°C. Eggs are highly sensitive to desiccation and soon shrivel when host plant starts wilting. BPH population growth is maximum in a temperature range from 28 to 30°C. 
	Sun-shine hours of 2.9-5.9 hours during tillering stage, Rainfall of 0-48 mms during dough stage, Maximum temperature of 29.1-39.2°C during grain filling stage, Minimum temperature of 21.8°C-32.4°C during grain filling stage
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Fig. 9: Outbreak of Brown Plant Hopper
(Source: Open website source) 

Maximum temperature is  showing the positive significant correlation with BPH population. Accordingly the graph drawn is indicated below in Fig. 10:

[image: ]
Fig. 10: Relationship between maximum temperature and BPH population
Minimum temperature is showing the significant correlation with (37 wk) current and 
(37 wk) 4 wk lag relationship with BPH population. Accordingly, the graph drawn is indicated below in Fig. 11: 
[image: ]
Fig. 11: Relationship between minimum temperature and BPH population

Rainfall in (38 wk) 3 wk lag situation is significantly correlated with BPH population. Accordingly relationship has been shown below in Fig. 12: 

[image: ]
Fig. 12:  BPH population relationship with rainfall


From the results obtained for kharif season, it can be concluded that Brown Plant Hopper population started increasing from 40th SMW i.e. the first week of October when the rainfall has stopped and sunshine hours started increasing. The BPH population reaches its peak value in 45th SMW when the crop was in its grain filling stage causing maximum losses to the crop. Thereafter population started decreasing upto 48th SMW as the crop approached to maturity. It is concluded from the result that there is positive effect of sunshine hours on BPH population build up showing gradual increase in population with increasing sunshine hours. 
Phasewise Glimpses of BPH are shown in Fig. 13
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Fig. 13:  Glimpses of Brown Plant Hopper and its stages
 (
A. 
Nymphs; B. Adults of brown p
lant hopper; C. Healthy crop and
 
D. Hopper
)
      
[bookmark: _ktajilp7gldk]                   
(Source: Open Website source) 














Fig 14: Life cycle of stem borer

Forecasting models for yellow stem borer:

YSB is a serious pest of deep water rice. During period of infestation,   rice  crop was at panicle emergence stage. . Morning relative humidity is more than 90 per cent and evening relative humidity of minimum 50 per cent is maintained, that generally is very much conducive environment for YSB. 
Initial moderate rainfall, intermittent rains and maximum temperature of around 33 °C and minimum temperature of around 25°C are generally favouring outbreak of YSB. The extent of damage caused by stem borer is highly significant. The yellow stem borer (YSB) Scirpophaga incertulas Walker (Pyralidae: Lepidoptera) of rice is one of the major pests in all rice growing regions of Asia, South East Asian region (Banerjee and Pramanik, 1967) and India in particular (Chelliah and Benthur, 1989). Yellow stem borer (YSB), Scipophaga incertulas (Walker.) is most destructive and widely occurring insect pest of rice that attacks all stages of crop (Banding and Listsinger, 2005). Feeding by YSB larvae causes death of affected tillers (dead heart symptom) in the vegetative; chaffy and unfilled panicle (white ear symptom) in reproductive phases of crop growth. Rice ecosystems due to 1% dead heart or white ear head, or both phases of stem borer damage results in 2.5%, 4.0%, and 6.4% yield loss, respectively. Grain production loss over ecosystems, 1% dead heart or white ear head or both phases of stem borer damage would be 108, 174 and 278 kg/ha, respectively (Muralidharan and Pasalu, 2006). Yield loss estimate across India varied from 11.2 to 40.1% due to dead heart and 27.6 to 71.7% due to white ears, respectively (Krishnaiah and Varma, 2012). Adults mate only once and up to 150 eggs are laid per female. Each female lays 1-3 egg masses. Egg masses are usually laid on leaf tips but they are also laid on the base of the stems. Favourable temperature for egg laying of YSB is 24 - 290C and relative humidity 90-100%, Egg period varies from 5-9 days. Suitable   temperature for egg hatching are 30.60C, newly hatched larvae disperse through silken threads and bore into the plant. Usually only one larva is found in a tiller. The number of moults and larval duration (30-40 days) depends on the prevailing temperature which ranges from 17- 350C. Pupal stage is completed in the stem in 7-10 days and for the pupal development optimum temperature ranges from 15-280C. Pupae become adult in approximately 6-12 days and maximum survival temperature is 360C. 

.The parameters which were found most pre-dominantly significant by stepwise multiple regression technique was chosen for the development of the multiple regression equation. The multiple regression equation which describes the average relationship between the YSB and significant weather parameters obtained by step wise regression is expressed below in Table-5.
Table -5: Forecasting models and equations developed for yellow stem borer (YSB)  

	W.No.
	Equation/Model (YSB)
	R2
	Correlation coefficient

	28
	Y28= (-1.51773)+3.90396(1 week lag SSH)
	0.29*
	0.54*

	30
	Y30= (-135.5) + 1.5454 (1 week lag RHI) 
	0.43**
	0.66**

	33
	Y33= (-4.522)+ 5.5659(Current week SSH)+ 0.097704 (2 week lag RF) 
	0.48*
	0.52*,0.50*

	40
	Y40= 7187.81+(-289.69) (Current week Min temp)
	0.26*
	-0.51*

	42
	Y42=1067.549 187.81+(-289.69) (Current week Min temp)
	0.25*
	-0.50*

	48
	Y48=153.48+ (-13.91) (1 week lag SSH)
	0.28*
	-0.53*
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.Fig 15. Picture Showing life cycle of the yellow stem borer, Scirpophaga incertulas
(Source: Open Website source)

Fig 16. : Picture of showing Dead heart infestation in vegetative phase(Source: Open website source)

From the results it can be concluded that Yellow Stem Borer population is showing high build-up and peak activity during 3rd week of September to 1st week of October and this is verified through light trap catch data also. In the life cycle of the insects in second generation (larva development) peak population reaches if there is matching favourable temperature ranging from 24-310C. Another parameter relative humidity (90-95%) is also found to be favourable in second generation insect development. This panicle initiation stage is the most economic damaging and vulnerable stage for rice crop and therefore insect larva stage development should be closely monitored. Insect egg laying is crucial factor and its in two phases i.e. nursery (Developing in larval stage during rice vegetative phase) and maximum tillering (turning into larval stage in panicle initiation stage). Pupa development stage is generally matching with grain filling stage of rice crop and almost non-destructive. Rice dough stage is generally matching with YSB adult stage.

Conclusions
Rice being a chief staple food crop for more than half of the world’s population is grown worldwide in diversified soil types, topographical and hydrological situations varying from sloppy uplands to deep-water conditions. Due to this nature of growing in diverse environments, rice production system is exposed to multitude of insect pests (more than 100 species) around the world, out of which, some are of major significance and cause huge economic losses. Efficient, economical and environmental-friendly control of the stem borer may be obtained through knowledge of its timing of attack in relation to weather factors. This will enable prediction of its occurrence so as to allow growers to make timely insecticidal sprays for efficient crop management. Earlier reports indicate empirical relationships between different weather factors and pest occurrence through population dynamic and forewarning models on point scale.

In this context our research on study of leaf folder population, BPH and yellow stem borer dynamics as influenced by weather variables become necessary as rice is highest grown crop in Chhattisgarh, especially in plains zone. For carrying out the study weather parameters were recorded at meteorological observatory of Labhandi station and insect population were collected from EPDP plots and light traps of Department of Entomology, IGKV, Raipur,(C.G.). Our investigation was carried out with the objectives to study the effect of weather parameters on population dynamics of major insect-pests in Raipur district of Chhattisgarh, to develop weather-based forewarning models for these pests of rice in Raipur district of Chhattisgarh and to validate weather-based forewarning models.

In our effort to study the influence of each of the six weather parameters on RLF pest infestation, we collected 24-year (2000-23) weather as well as light trap population data and worked out correlation coefficients. Results of this analysis pointed out that the weather parameters had significant influence on the population dynamics. Further, with the help of graphical and trendline assessment we worked out favourable weather conditions which favour the population growth. The usual build- up of RLF population initiates between second to third week of August. However, C. medinalis incidence in 2019 was first observed in second and third week of September which is characterized by declining rainfall and evening relative humidity. Sunshine hours during these weeks increased to about 6-7 hours. Peak population reached during last week of October to first week of November, which is characterized by dry cold weather with 7-8 hours of sunshine at Labhandi   Station. After first two weeks of November, populations started declining as the harvesting time approaches. C. medinalis may complete two to three generations during the whole cropping season.

For development of forewarning model, we first attempted week-wise co-relations between the population and weather data for the corresponding and one to two weeks before (termed as week lags). From our investigation of effect of weather parameters on population dynamics we figured out that weeks with declining rainfall (i.e. from last week of September) accompanied by declining humidity is found favorable for infestation of C. medinalis. Sunshine hours of 6-8 during SMW 38 to SMW 48 (i.e. mid-September to mid-November) showed positive effect of population dynamics of RLF. While maximum temperature does not have any significant correlation with the population, minimum temperature has an inverse relationship with leaf folder moth population (i.e., decreasing minimum temperature also favours C. medinalis). SMW43, 44 and 45 are usually the weeks with peak RLF population. It can be asserted that C. medinalis favoured by dry and cool weather with optimal sunshine duration of six to eight hours. Therefore warning models were developed based on multiple linear regression method where the insect population is the dependent variable and weather parameters are the independent variables (X1, X2,…X6). Eighteen significantly (weather parameter-population) correlated weeks as obtained in week-wise correlation analysis with corresponding as well as  two previous week weather data were used for developing prediction equations. Other weeks were omitted due to lack of significant relationship between weather and insect variables as per our analysis. Similar exercise was also done in Yellow Stem Borer (YSB) and BPH. The models developed will help predict the incidence and intensity of infestation of insect-pests for any particular week for which the model is developed. From each equation we derived population (Y) values and validated with the actual observed population. Deviation percentage of each predicted value from the actual population was worked out.
Suggestions for future research work

Based on the borders and margins that our research work faced and an effort has been made to compile the research paper, the following future line of work can be suggested for better accuracy and practical utility of the research work on major insect-pests of rice crop and forewarning models:
1. To work on insect pests of low severity and erratic behavior, long term data are essential to get proper understanding of the relationships between weather and insect population.
2. Information regarding previous cropping systems of the area where the research is to be held, variety type and pest management methods must be known before hand so as to eliminate errors in further analysis.
3. To strictly draw a relationship between weather parameter and insect population, effect of other factors (such as natural enemies, fertilizers, insecticides etc.) must be accounted for so as to eliminate the bias and get better understanding of the influence of weather in population dynamics of insect pests.
4. Complex statistical models could be approached for the better fit of prediction models such as non-linear regression models, curvilinear models etc.
5. Phenological stages and vulnerable phases of rice must also be accounted for while developing prediction models.

Disclaimer (Artificial intelligence)
Option 1:

Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript.

References: 
Adiroubane, D. and Raja, K. 2010. Influence of weather parameters on the occurrence of rice yellow stem borer Scirpophagaincertulas (Walker) Journal of Rice Research, 3(1): 5-9.
Anonymous, 2016. 2nd advance estimate, 2015-16, Department of Agriculture, Cooperation and Farmers  Welfare, Ministry of Agriculture, GOI.
Anonymous,  2014.  Food and Agriculture Organization. Rome, Italy.
Banerjee, S. N. and Pramanik, L. M. 1967. The lepidopterous stalk borers of rice and their life cycle in the tropics, The major insect pests of the rice plant, Proceedings of a Symposium, : 103–124.
Banding, J. P. and Litsinger, J. A. 2005.  Rice crop stage susceptibility to the rice yellow stem borer Scirpophagaincertulas (Walker) (Lepidoptera: Pyralidae). International Journal Pest Management, 51(1): 37-43.
Banerjee, S. N. and Pramanik, L. M. 1967. The lepidopterous stalk borers of rice and their life cycle in the tropics, The major insect pests of the rice plant, Proceedings of a Symposium, : 103–124.

Barrion, A. T., Joshi, R. C., Barrion-Dupo, A. L. A. and Sebastian, L. S. 2007.  Systematics of the Phillippine rice black bug, Scotinopharastal (Hemiptera: Pentatomidae). In R. C. Joshi, A. T. Barrion, & L. S. Sebastian (Eds.), Rice black bugs: Taxonomy, ecology and management of invasive species, : 3 

Bhatnagar, A. and Saxena, R. R. 1999.  Environmental correlates of population buildup of rice insect pests through light trap catches. Oryza, 36: 241–245.
Butter, N. S. and Singh, D. 2005. Changing scenario of insect-pests of paddy in Punjab. 1st Congress on Insect Science,: 17-18.
Campbell, A., Frazer,B.D., Gilbert, N.G.A.P., Gutierrez, A.P. and Mackauer, M. (1974). Temperature  requirements  of  some  aphids  and  their  parasites. Journal of AppliedEcology, 431-438.

Chelliah, A. and Benthur, J. S. 1989. Approaches to rice management-achievements and 
opportunities, Oryza, 26(2): 12–26.

Chen, C. M., Liu, C. L. and Zeno, X. Z. 1968. Study on the regularity of outbreaks of the paddy borer in Hunan Province. Ecological geographical distribution. Acta EntomologicaSinica, 1: 115–124 
Das, D. K., Behera, K. S., Dhandapani, A., Trivedi, T. P., Chona, N. and Bhandari, P. 2008. Development of forewarning systems of rice pests for their management,: 187–200. 
Dhaliwal, G. S. and Singh, J. 1983. Outbreaks of white   backed   plant   hopper   and    brown  plant hopper   in the Punjab. International Rice  Commn. News latter, 32 (1): 26-28.
Fraenkel, G., and Fallil, F. (1981). The spinning (stitching) behavior of the rice leaf folder, Cnaphalocrocismedinalis. Entomologiaexperimentalis  etapplicata, 29(2),138-146.
Garg, A. K. and  Sethi, G. R. 1980. Succession of insect pests in Kharif  Paddy. Indian Journal Entomology, 2: 482-487.

Harinkhree, J.P. Kanadalkar, V.S.  and   Bhowmick,  A.K. 1998. Seasonal    abundance    and 
association of light trap catches with field incidence of rice leaf folder. CnaphalocrocismedinalisGuenee. Oryza, 35: 91-92. 

Heong, K. L., Manza, A., Catindig, J., Villareal, S., & Jacobsen, T. 2007. Changes in pesticide use and arthropod biodiversity in the IRRI research farm. Outlooks on Pest Management, 18:  229–233.
Joshi, G., Ram, L., and Singh, R. 2009. Population dynamics of paddy stem borers in relation to biotic and abiotic factors. Annals of Biology, 25: 47–51.
Khaliq, A., Javed, M., Sohail, M. and Sagheer, M. 2014. Environmental effects on insects and their population dynamics. Journal of Entomology and Zoology studies, 2(2): 1-7
Krishi Darshika, Indira Gandhi Krishi  Vishwavidyalaya,  Raipur (Chhattisgarh), 2016.

Krishnaiah, K. and Varma, N. R. G. 2012. Changing Insect Pest Scenario in the Rice Ecosystem –A National Perspective. Directorate of Rice Research Rajendranagar, Hyderabad,:  2-8.
Listsinger J. A. , Alviola A. L. , Dela Cruz C.G., Canapi B. L.  , Batay E. H. & Barrion. A. T. 2006. Rice white stemborer Scirpophaga innotata (Walker) in southern Mindanao, Philippines. I. Supplantation of yellow stemborer S. incertulas (Walker) and pest status. International Journal of Pest Management, January–March; 52(1): 11 – 21.

...
Mandal, P., Roy, K. and Saha, G. 2011. Weather based prediction model of Scirpophagaincertulas (Walk.).  Annual Plant Protection Science, 19 (1): 20-24. 
Muralidharan, K. and Pasalu, C. 2005. Assessments of crop losses in rice ecosystems due to stem borer damage (Lepidoptera: Pyralidae). Crop Protection, 25: 409-417.
National Bureau of Statistics of China, (http:// www.stats.gov.cn/).

Padmavathi, C., Katti, G., Sailaja, V., Padmakumari, A. P., Jhansilakshmi, V., Prabhakar,      
M., and Prasad, Y. G. (2013). Temperature thresholds and thermal requirements for the development of the rice leaf folder, Cnaphalocrocismedinalis. Journal of Insect Science, 13(1), 96.

Patel, H. R. and Shekh, A. M. 2006. Pest epidemics and role of meteorological services: An overview. Journal of Agrometeorology, 8 (1): 104-113.
Pathak, M. D. and Dhaliwal, G. S. 1981. Trends and strategies for rice insect problems in tropical Asia.  IRRI research paper series, 64 : 1-15.
Ramasubramaniun, V., Sharma, M. K. and Walia, S. S. 2006. Statistical Models for forewarning Incidence of Major Pests of Paddy. Abstract Statistical Application, 4: 1-81.
Sharma, D.R., Singh, D.P., Singh, J. and Dhaliwal, J.S. 1996. Extent of damage and pattern 
of emergence from over-wintering larvae of rice stem borer in Punjab. Indian Journal Ecology, 23: 104-108. 

Sharma, M. K., Atsedewoin, A. and Fanta, S. 2011. Forewarning models of the insects paddy crop. International Journal of Biodiversity and Conservation, 3(8): 367-375. 
Singh, P, Chander, S., Husain, M., Pal, V., & Singh, P. (2017). Development of a Forewarning Model to Predict Rice Leaf Folder (Cnaphalocrocis medinalis Guenee) Incidence in Punjab, India.Proceedings of the National Academy of Sciences, India Section B: Biological Sciences, 87(1), 201-206.
Singh, J., Dhaliwal, G. S. and Sidhu, G. S. 1993. Advances in insect resistance in rice,: 2-78.
Singh, A.K., Rai, A.K. and Khan, M.A. 2002. Influence of weather factors on light trap catches of yellow stem borer in kharif season. Indian Jounral of Entomology, 64(4): 510-517.
Siswanto, R. M., Dzolkhifli, O. and Elna, K. 2008. Population fluctuation of Helopeltisantonii Signoret on cashew Anacarcium occidentalle L. in Java Indonesia.  Pertanika Journal of  Tropical Agriculture Science, 31: 191–196.
Bishnoi, O. P., Singh, H., & Singh, R. (1992). Incidence and multiplication of mustard aphid (Lipaphis erysimi) in relation to meteorological variables.

1



image2.jpeg




image3.jpeg




image4.png




image5.png




image6.png
RLF POPULATION

300

250

200

150

100

50

27 28 29 30 3 ® 3 ¥ 35 3% 7 B 39 40 4 42 43 44 45 45 47 48
WEEKS

'STANDARD METEOROLOGCAL

ga Ex .§§ Ei’i‘(f& =¥ ) i





image7.png
LF population

LF population vs. Minimum temperature





image8.png
LF population vs. RHIT

woendog 11




image9.png
)L v: Minimaom Temperature

= iTemp. 8





image10.png
)L vs Maximum Temperature

s
B ———
H
K
5|
|

= s viardhe.ave





image11.png




image12.png
)LF vs Rainfall

Lurdl




image13.png




image14.png




image15.jpeg




image16.jpeg




image17.png
BPH population vs. Maximum temperature

BPH Populstion





image18.png
B2H Populaton

‘BPH population vs. Minimum temperature

S

00—

e ——se——,

i

Minimun temperacure (6€)





image19.png
BPH population vs. Rainfall
4 S —

. J—

0 2 B g W0 8o o 1o 10





image20.png




image21.jpeg




image22.png




image23.jpeg




image24.png




image25.jpeg




image26.png




image27.jpeg




image28.png




image29.jpeg




image30.png




image31.jpeg




image32.png




image33.jpeg
Brachypterans
are prolific
breeders

Adults are brown in colour; 4-5 mm
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Macropterans are strong fliers;
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Biology: IP — 5 days; NP — 15 days
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