


Population dynamics of Insect pests associated with little millet (Panicum sumatrense L.) 
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Little millet (Panicum sumatrense L.) is an important climate-resilient and nutritionally rich crop cultivated predominantly under rainfed conditions of eastern India. Despite its adaptability to marginal environments, its productivity is significantly constrained by insect pests, particularly shoot fly, grasshopper, and earhead bug. The present investigation entitled “Population Dynamics of Insect Pests on Little Millet” was conducted during Kharif 2022 and 2023 at the Agricultural Research Farm, Birsa Agricultural University (BAU), Kanke, Ranchi, Jharkhand, India. The experiment was laid out in a Randomized Block Design with three replications under natural field conditions without insecticidal protection to allow natural pest buildup. Seasonal incidence revealed that pest populations initiated around Standard Meteorological Week (SMW) 28 and reached peak levels during SMW 33–34 in both years. During Kharif 2022, shoot fly population peaked at 3.8 larvae/10 plants, while grasshopper and earhead bug reached 3.2 and 1.4 insects/10 plants, respectively. A similar trend was observed in Kharif 2023, with maximum shoot fly (3.6/10 plants) and grasshopper (3.4/10 plants) populations recorded during SMW 34. Correlation analysis demonstrated that rainfall was the most influential abiotic factor, exhibiting highly significant positive associations with pest incidence, particularly shoot fly and earhead bug. Afternoon relative humidity also positively influenced pest buildup, whereas maximum temperature showed significant negative correlations, indicating suppression of pest activity under higher temperature regimes. The findings confirm that moderate temperature coupled with high rainfall and humidity during monsoon creates a congenial microclimate for rapid pest multiplication in little millet ecosystems. Pest populations declined after SMW 34 due to crop maturation and changing weather conditions. The study highlights the climate-driven and predictable nature of pest outbreaks and underscores the importance of weather-based forecasting and timely Integrated Pest Management (IPM) interventions to minimize yield losses and enhance sustainable productivity of little millet under eastern plateau agro-climatic conditions.
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Introduction
The global agricultural organization is facing unparalleled challenges due to climate change, land degradation, water scarcity, and increasing pest pressures (Hossain et al., 2020). In this context, climate resilient crops such as little millet (Panicum sumatrense L.) has gained renewed scientific and policy attention. Traditionally cultivated in rainfed and marginal agroecosystems of Asia and Africa, little millet is recognized for its short duration, low input requirement, and remarkable tolerance to drought and poor soil fertility (Singh et al., 2025; Nagaraja et al., 2024). The declaration of 2023 as the International Year of Millets marked a paradigm shift in recognizing millets not as “coarse cereals” but as nutritionally superior and climate smart crops (Bagalkote, 2024). India is the largest producer of millets globally, contributing nearly 20% of world production and about 80% of Asia’s millet output (Meena et al., 2021). Despite a historical decline in cultivated area due to policy preferences toward rice and wheat, millet productivity has shown a consistent rise owing to improved varieties and better agronomic practices (Singh et al., 2025). Among small millets, little millet occupies a significant niche in tribal and rainfed farming systems, especially in states such as Jharkhand, Odisha, Karnataka, and Madhya Pradesh. Nutritionally, little millet is superior to major cereals, containing 10–12% protein, high dietary fiber, and significant levels of iron, calcium, and zinc (Rawat, et a., 2025). Its low glycemic index and gluten free nature make it suitable for diabetic and celiac patients. Additionally, bioactive compounds such as phenols and tannins provide antioxidant properties, linking nutritional quality with intrinsic plant defense mechanisms (Franzen, et al., 2025). This dual advantage human health benefits and stress resilience positions little millet as a strategic crop for future food and nutritional security. However, despite its inherent resilience to abiotic stresses, little millet productivity remains far below its genetic potential due to severe biotic constraints. Among insect pests, the shoot fly complex (Atherigona spp.) is the most destructive at the seedling stage, causing characteristic “dead heart” symptoms that may lead to yield losses ranging from 20% to over 80% under severe infestation (Dido et al., 2021). The pest completes its life cycle within 17–21 days under favorable temperatures, enabling multiple generations within a cropping season. Population dynamics are strongly influenced by meteorological parameters such as temperature, relative humidity, and rainfall. Environmental variability plays a critical role in determining shoot fly incidence. Studies have shown significant positive correlations between maximum temperature and egg laying activity, whereas heavy rainfall reduces larval survival (Singh et al., 2017). Climate change is expected to further modify pest phenology and voltinism, potentially increasing shoot fly generations per year and expanding their geographic distribution. Rising atmospheric CO₂ may also alter plant nutritional composition, indirectly influencing herbivore feeding behavior and population buildup. Host plant resistance (HPR) offers a sustainable and economically viable solution for managing shoot fly in little millet. Resistance mechanisms include morphological traits such as leaf glossiness, trichome density, and seedling vigor (antixenosis), as well as biochemical factors like higher phenol, tannin, silica, and lignin content (antibiosis) (Singh et al., 2017). Resistant genotypes often exhibit reduced soluble sugars and higher secondary metabolites, which negatively affect larval development and survival. Screening studies in Jharkhand identified promising resistant sources such as IIMR LM7012 with significantly lower dead heart incidence compared to susceptible varieties. Integrated Pest Management (IPM) strategies combining timely sowing, increased seed rate, fishmeal traps, botanical extracts (e.g., neem-based formulations), and selective insecticides such as imidacloprid or thiamethoxam have demonstrated effectiveness in reducing early shoot fly damage (Latif et al., 2011). However, overreliance on chemical control raises concerns regarding resistance development, environmental contamination, and natural enemy disruption. Conservation of predatory fauna such as coccinellids and spiders is essential for ecological balance in millet ecosystems. Recent advancements in digital agriculture and machine learning offer promising avenues for forecasting pest outbreaks and optimizing management decisions. Random Forest and Artificial Neural Network models have demonstrated high accuracy in predicting millet productivity and pest dynamics using climatic variables as predictors (Latif et al., 2011). Such predictive tools, when integrated with field level IPM, can enhance resilience in smallholder-based millet systems. little millet represents a nutritionally rich, climate resilient crop with immense potential for sustainable agriculture. Nevertheless, biotic stresses particularly shoot fly infestation-pose a major constraint to realizing its yield potential. A comprehensive understanding of pest population dynamics, host plant resistance mechanisms, ecological interactions, and climate driven variability is essential for designing region specific, sustainable management strategies. Strengthening research investment, genomic resources, and digital forecasting tools will be critical to ensuring the long-term productivity and resilience of little millet-based agroecosystems.
Materials and methods 
The study entitled “Population Dynamics of Insect Pests on Little Millet” was conducted during the Kharif seasons of 2022 and 2023 at the Agricultural Research Farm, Birsa Agricultural University (BAU), Kanke, Ranchi, Jharkhand, India. The experimental farm is geographically located at 23°25′ N latitude and 85°19′ E longitude with an altitude of 625 m above mean sea level, representing the eastern plateau and hill agro-climatic zone of India. The region receives an average annual rainfall of approximately 1100 mm, predominantly from June to September.
The experiment was laid out in a Randomized Block Design (RBD) with three replications. Each plot measured 3 m × 1.5 m, maintaining a spacing of 25 cm between rows and 10 cm between plants. The recommended seed rate of 8–10 kg/ha for line sowing was followed. A recommended fertilizer dose of 40:20:20 kg N:P₂O₅:K₂O per hectare was applied. Half of the nitrogen and the full doses of phosphorus and potassium were applied as basal at the time of sowing, while the remaining nitrogen was top-dressed at 30 days after sowing (DAS).
Uniform agronomic practices such as field preparation, irrigation, and manual weeding were carried out for all experimental plots. No insecticidal protection was provided to allow natural pest population build-up under field conditions.
Observations on insect pest incidence were recorded at weekly intervals from germination until crop maturity. Five plants were randomly selected from each plot for recording observations. The number of eggs per plant was counted at 7, 14, and 21 DAS. The pest population data were subjected to statistical analysis using Analysis of Variance (ANOVA) appropriate for RBD using R Studio (version 4.2.2). To determine the relationship between pest incidence and abiotic factors, simple correlation coefficients (r) were computed between pest population and individual weather parameters.
Results and discussions 
Little Millet
Kharif 2022
The seasonal incidence of major insect pests, namely shoot fly, grasshopper and earhead bug, was recorded from Standard Meteorological Week (SMW) 26 to 36 (Table1.). Pest populations were negligible during the initial weeks (SMW 26–27) and gradually increased from SMW 28 onwards, coinciding with increased rainfall and moderate temperature conditions.
Shoot fly incidence increased progressively from 0.8 larvae/10 plants (SMW 28) and reached a peak of 3.8 larvae/10 plants during SMW 34, followed by a decline towards crop maturity. Grasshopper population followed a similar trend, attaining maximum density (3.2/10 plants) during SMW 34. Earhead bug incidence remained comparatively lower, with peak population (1.4/10 plants) recorded during SMW 35.
Correlation analysis revealed that maximum temperature showed a significant negative association with shoot fly (r = –0.621*) and non-significant negative association with other pests (Table 2.). Afternoon relative humidity exhibited significant positive correlation with shoot fly (r = 0.632*) and grasshopper (r = 0.640*). Rainfall emerged as the most influential factor, showing highly significant positive correlations with shoot fly (r = 0.849**), grasshopper (r = 0.935**) and earhead bug (r = 0.819**), indicating that precipitation strongly favoured pest buildup during the season.
The study reveals that the surge in pest populations, particularly the peaks in shoot fly and grasshopper densities during SMW 34, was fundamentally driven by the onset of the monsoon. While early-season populations remained low, the combination of frequent rainfall and high afternoon humidity created a perfect storm for pest buildup, providing both the moisture needed for egg hatching and the succulent plant growth required for feeding (Wu et al., 2021). This heavy reliance on precipitation evidenced by the exceptionally strong correlation scores aligns with established entomological findings of Levi-Mourao et al., (2021) that suggest moderate temperatures and humid conditions act as the primary triggers for these specific outbreaks. Equally, the significant negative impact of high maximum temperatures on shoot fly populations confirms that extreme heat acts as a natural deterrent, highlighting how sensitive these insects are to even slight shifts in the seasonal microclimate (Johnson et al., 2010). 
Table-1: Seasonal incidence of shoot fly, grasshopper and earhead bug in little millet during kharif-2022
	Standard Meteorological Week (SMW)
	Period
	Weather parameter

	
	
	Max.
Temp. (ºC)
	Min.
Temp. (ºC)
	RH
(%) 7AM
	RH
(%) 2PM
	Rainfall
(mm)
	Shoot fly /10plants
	Grasshopper/ 10 plants
	Earhead bug (10/plant)

	26
	25th Jun- 1st Jul
	35.4
	26.1
	88
	69
	24.2
	0.0 (0.5) *
	0.0 (0.5) *
	0.0 (0.5) *

	27
	2nd Jul-8th Jul
	34.2
	24.3
	86
	69
	37
	0.0 (0.5)
	0.4 (1.13)
	0.0 (0.5)

	28
	9th Jul-15th Jul
	32.4
	23.4
	86
	70
	35.2
	0.8 (1.39)
	0.6 (1.27)
	0.2 (0.95)

	29
	16th Jul-22nd Jul
	33.5
	24.2
	85
	70
	55.2
	1.0 (1.5)
	0.8 (1.39)
	0.2 (0.95)

	30
	23rd Jul-29th Jul
	32.5
	24.1
	86
	70
	133.2
	1.6 (1.76)
	1.2 (1.59)
	0.6 (1.27)

	31
	30th Jul-5th Aug
	32.0
	24.6
	85
	70
	148.8
	2.2 (1.98)
	1.4 (1.68)
	0.4 (1.13)

	32
	6th Aug- 12th Aug
	33.7
	23.9
	86
	70
	180.4
	3.2 (2.29)
	2.2 (1.98)
	1.0 (1.5)

	33
	13th Aug- 19th Aug
	31.4
	23.9
	84
	70
	149.6
	3.6 (2.40)
	2.6 (2.11)
	1.2 (1.59)

	34
	20th Aug- 26th Aug
	32.8
	23.5
	87
	70
	209.6
	3.8 (2.44)
	3.2 (2.29)
	0.8 (1.39)

	35
	27th Aug-2nd Sep
	33.5
	24.6
	87
	70
	182.8
	2.2 (1.98)
	2.6 (2.11)
	1.4 (1.68)

	36
	3rd Sep- 9th Sep
	34.3
	25.4
	86
	70
	145.6
	0.8 (1.39)
	2.2 (1.98)
	0.4 (1.13)


Table-2.	Correlation co-efficient between weather variables and insect pests during Kharif, 2022
	Observation
	Weather parameter

	
	Max.
Temp. (ºC)
	Mini.
Temp. (ºC)
	RH
(%) 7AM
	RH
(%) 2PM
	Rainfall
(mm)

	Shoot fly/10 plants
	-0.621*
	-0.542
	-0.294
	0.632*
	0.849**

	Grasshopper/10 plants
	-0.393
	-0.334
	-0.139
	0.640*
	0.935**

	Earhead bug (population/10plants)
	-0.432
	-0.326
	-0.152
	0.580
	0.819**


Significance level            **Significant at 1%	       *Significant at 5%
Kharif 2023
During kharif 2023, pest incidence followed a similar seasonal trend, with initial appearance from SMW 28 and peak population during SMW 33–34 (Table 3.). Shoot fly population increased from 0.8 larvae/10 plants (SMW 28) to a maximum of 3.6 larvae/10 plants (SMW 34), before declining thereafter. Grasshopper reached peak density (3.4/10 plants) during SMW 34. Earhead bug recorded maximum incidence of 1.6 bugs/10 plants during SMW 33.
Table-3 Seasonal incidence of shoot fly, grasshopper and earhead bug in little millet kharif-2023.
	Standard Meteorolo-gical Week (SMW)
	Period
	Weather parameter

	
	
	Max.
Temp. (ºC)
	Mini.
Temp. (ºC)
	RH
(%) 7AM
	RH
(%) 2PM
	Rainfall
(mm)
	Shoot fly /10plants
	Grasshopper
/10plants
	Earhead bug (/10 plants)

	26
	25th Jun- 1st Jul
	32.7
	24.4
	87
	70
	78.4
	0.0 (0.5) *
	0.0 (0.5) *
	0.0 (0.5) *

	27
	2nd Jul-8th Jul
	33.9
	24.0
	87
	70
	74
	0.0 (0.5)
	0.0 (0.5)
	0.0 (0.5)

	28
	9th Jul-15th Jul
	34.2
	23.6
	86
	71
	16.4
	0.8 (1.39)
	0.4 (1.13)
	0.2 (0.94)

	29
	16th Jul-22nd Jul
	32.2
	22.7
	87
	70
	85
	1.0 (1.5)
	0.8 (1.39)
	0.2 (0.94)

	30
	23rd Jul-29th Jul
	31.6
	23.0
	86
	70
	37
	1.8 (1.84)
	1.0 (1.5)
	0.4 (1.13)

	31
	30th Jul-5th Aug
	30.2
	21.4
	88
	71
	139.8
	2.2 (1.98)
	1.4 (1.68)
	0.6 (1.27)

	32
	6th Aug- 12th Aug
	29.8
	22.5
	86
	71
	16.6
	3.0 (2.23)
	2.2 (1.98)
	1.2 (1.60)

	33
	13th Aug- 19th Aug
	33.6
	23.2
	86
	70
	58.8
	3.4 (2.34)
	3.2 (2.29)
	1.6 (1.76)

	34
	20th Aug- 26th Aug
	31.7
	22.1
	88
	70
	39
	3.6 (2.40)
	3.4 (2.34)
	0.8 (1.39)

	35
	27th Aug-2nd Sep
	33.3
	24.1
	88
	70
	0
	2.2 (1.98)
	1.8 (1.84)
	1.2 (1.60)

	36
	3rd Sep- 9th Sep
	30.6
	22.0
	87
	70
	121.6
	0.8 (1.39)
	1.8 (1.84)
	0.6 (1.27)


Maximum temperature exerted a significant negative correlation with shoot fly (r = –0.631*), grasshopper (r = –0.725*) and earhead bug (r = –0.658*), indicating suppression of pest activity under higher temperature regimes (Table 4.). Morning relative humidity showed a significant negative association with shoot fly (r = –0.658*). Rainfall significantly influenced grasshopper (r = 0.642*) and showed highly significant positive correlation with earhead bug (r = 0.756**), confirming rainfall as a major driving factor in pest dynamics 
The 2023 Kharif season closely mirrored historical trends, with pest populations emerging in late July (SMW 28) and hitting their stride during the SMW 33–34 window. The results reinforce a consistent ecological "ceiling": as maximum temperatures climbed, pest activity significantly dropped (r = -0.631* to -0.725*), confirming that excessive heat serves as a natural suppressant. While the shoot fly and grasshopper reached peaks of 3.6 and 3.4 per 10 plants respectively, the earhead bug surged slightly earlier in SMW 33. These dynamics were largely dictated by moisture, as the strong positive correlation with rainfall particularly for the earhead bug aligns with previous findings of Srinivasa et al., (2022) and Ma (2025) that suggest precipitation is the primary engine behind these outbreaks. Ultimately, the consistent decline in populations after SMW 34 suggests that as the crop matures and peak monsoon conditions subside (Purohit et al., 2020), the environment becomes less hospitable, matching long-term observations that link pest stabilization to both plant lignification and changing microclimates.
Table-4: Correlation co-efficient between weather variables and insect pests of little millet during kharif, 2023
	Observation
	Weather parameter

	
	Max.
Temp. (ºC)
	Mini.
Temp. (ºC)
	RH
(%) 7AM
	RH
(%) 2PM
	Rainfall
(mm)

	Shoot fly/10plants
	-0.631*
	-0.412
	-0.658*   
	0.448
	0.445

	Grasshopper/10 plants
	-0.725*
	-0.502
	-0.537
	0.508
	0.642*

	Earhead bug (population/10plant)
	-0.658*
	-0.513
	-0.466
	0.601
	0.756**



Conclusion
The present investigation on population dynamics of insect pests on little millet conducted during Kharif 2022 and 2023 clearly demonstrated that shoot fly, grasshopper, and earhead bug are the predominant insect pests affecting little millet under the eastern plateau and hill agro-climatic conditions of Jharkhand. Pest incidence followed a consistent seasonal pattern in both years, with initial appearance around SMW 28 and peak population during SMW 33–34, coinciding with active monsoon conditions.
Rainfall emerged as the most influential abiotic factor governing pest buildup, exhibiting highly significant positive correlations particularly with shoot fly and earhead bug populations. Afternoon relative humidity also positively influenced pest incidence, whereas maximum temperature showed significant negative correlations, indicating that elevated temperatures suppress pest multiplication. These findings confirm that moderate temperature coupled with high rainfall and humidity creates a congenial microclimate for rapid pest multiplication in little millet ecosystems.
The consistent decline in pest populations after SMW 34 suggests that crop maturation, reduction in succulent growth, and shifting weather conditions limit further pest development. The study highlights that pest outbreaks in little millet are strongly climate-driven and predictable based on meteorological parameters.
Therefore, understanding seasonal pest trends and their relationship with weather variables provides a scientific basis for timely implementation of Integrated Pest Management (IPM) strategies. Adjusting sowing time, monitoring rainfall patterns, and adopting eco-friendly management approaches during peak vulnerability periods can significantly minimize yield losses. Strengthening climate-based pest forecasting models will further enhance sustainable protection of little millet, thereby contributing to improved productivity and resilience of millet-based farming systems, as emphasized in the broader context of climate-resilient agriculture.
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