



Succession of Insect Pest Complex and Their Natural Enemies in Rice Ecosystem of Balaghat, Madhya Pradesh
Abstract

Rice (Oryza sativa L.) is infested by more than 800 insect species. Out of which, 20 are of major economic significance. This study aimed to investigate the succession of major insect pests and their natural enemies in the rice ecosystem of Balaghat. The total 6 blocks i.e. Waraseoni, Lalbarra, Balaghat, Khairlanji, Lanji, Kirnapur were selected for study purpose. On the basis of overall mean, the maximum pest activities were recorded at late tillering and panicle initiation stage of crop during 2nd fortnight of September and 1st fortnight of October. The maximum percent infestation of stem borer and leaf folder were recorded during 1st fortnight of October with 11.66 and 7.65 percent, respectively. The gall midge infestation was started from transplanting of crop and continues up to late tillering stage with highest peak 9.38% silver shoot during 1st fortnight of September. In case of sucking pest GLH and BPH, the maximum nymph and adult populations were recorded during 1st fortnight of September (1.48/hill) and 1st fortnight of October (33.42/hill), respectively. The highest population of gundhi bug and army worm was recorded 2nd fortnight of October at milking stage of crop with the value of 1.82 and 1.76, respectively. The maximum grasshopper (1.48/hill) and green horn caterpillar (1.42/hill) were noticed during 1st fortnight of October. The maximum seasonal incidence stem borer, leaf folder, brown plant hopper, green leaf hopper, gundhi bug, army worm and green horn caterpillar were recorded at Lanji block of Balaghat. Whereas, the activity gall midge and grasshopper were noticed at Kirnapur and Khairlanji, respectively.
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Introduction
Rice (Oryza sativa L.) is one of the most important staple food crops worldwide, supporting the livelihood and food security of a large proportion of the global population. However, rice productivity is severely constrained by a diverse complex of insect pests that attack the crop at different growth stages, from nursery to harvest. These insect pests do not occur randomly; rather, they appear in a definite sequence known as succession of insect pest complex, influenced by crop phenology, climatic factors, agronomic practices, and ecological interactions within the rice ecosystem. The rice ecosystem harbors a rich assemblage of insect pests such as stem borers, leaf folders, planthoppers, leafhoppers, gall midge, and earhead bugs, each dominating at specific crop stages (Yadav et. al., 2018). Alongside these pests exists a wide range of natural enemies, including predators (spiders, coccinellids, mirid bugs, dragonflies), parasitoids (egg, larval, and pupal parasitoids), and pathogens. The population dynamics and succession of these natural enemies are closely linked to the availability of their host or prey, environmental conditions, and habitat complexity within the rice field. Understanding the successional pattern of insect pests and their natural enemies is crucial for developing ecologically sound pest management strategies. Natural enemies often play a key role in regulating pest populations and maintaining ecological balance, thereby reducing the need for chemical insecticides. Disruption of this balance through indiscriminate pesticide use can lead to pest resurgence, secondary pest outbreaks, and resistance development. Therefore, studying the succession of insect pest complexes and their associated natural enemies in the rice ecosystem provides valuable insights for Integrated Pest Management (IPM). Such knowledge helps in identifying vulnerable crop stages, predicting pest outbreaks, conserving beneficial organisms, and implementing timely and sustainable pest control measures for enhanced rice productivity and environmental safety.
Materials and Methods 

The present investigation was carried out during two consecutive season of the kharif, 2020-21 and 2021-22 at the research farm of College of Agriculture, Balaghat, Madhya Pradesh. This study aimed to investigate the succession of major insect pests and their natural enemies in the rice ecosystem of Balaghat. The total 6 blocks i.e. Waraseoni, Lalbarra, Balaghat, Khairlanji, Lanji, Kirnapur were selected for study purpose. Observations on insect pests and their natural enemies were recorded at weekly intervals starting from 15 days after transplanting (DAT) until harvest. Sampling was conducted during early morning hours to ensure maximum visibility of insects. Insect pests were recorded by examining 10 randomly selected hills per plot. Leaf folder and stem borer: Number of damaged leaves (folded leaves) and dead hearts/white ears were recorded and expressed as percentage infestation. Brown planthopper and green leafhopper: Counted per hill by visual observation. Gall midge: Percentage of silver shoots per hill was calculated. Rice hispa and caseworm: Number of adults/larvae per hill were recorded. Pests were identified using standard taxonomic keys and reference literature. Natural enemies spiders, ladybird beetles, mirid bugs, dragonflies, damselflies were recorded from the same selected hills used for pest observation. Sweep net sampling (10 sweeps per plot) was also conducted to record flying insect and other s were visually count. Meteorological data including maximum and minimum temperature, relative humidity, and rainfall were obtained from the meteorological observatory. The relationship between pest incidence, natural enemy population, and weather parameters was analyzed. Population dynamics of insect pests and natural enemies were analyzed using mean population counts at different crop growth stages. Correlation and regression analyses were performed to determine the influence of weather parameters on pest and natural enemy succession. Data were statistically analyzed using SPSS.

Results and Discussion 

Seasonal incidence of major insect pests in the rice ecosystem

Waraseoni: The data indicate that insect pest incidence varied considerably across crop growth stages and months. Stem borer infestation was present throughout the season, starting at a low level in early August (1.62%) and gradually increasing, with a peak during the 1st fortnight of October (13.32%), before sharply declining by November. This suggests that the reproductive to early maturity stages of rice were most vulnerable to stem borer attack. Leaf folder infestation followed a similar trend, remaining low in August, increasing steadily through September, and reaching its maximum during the 2nd fortnight of October (12.61%). The higher incidence during October indicates favorable climatic conditions and abundant foliage for larval feeding. Gall midge infestation was observed mainly during August and September, with the highest infestation in the 1st fortnight of September (7.43%), and it was completely absent from October onwards. This shows that gall midge is an early-season pest, preferring the vegetative stage of the crop. Among sap-feeding pests, brown planthopper (BPH) appeared only from the 2nd fortnight of September, reaching a very high peak in the 1st fortnight of October (38.41 BPH/hill), and then declining. This sharp increase highlights October as a critical period for hopper management. Green leafhopper (GLH) population remained low throughout the season, with a maximum mean of only 0.23/hill, indicating minor pest status during the study period. Other pests such as Gundhi bug, grasshopper (GH), army worm, and green hairy caterpillar (GHC) appeared sporadically and mostly during September–October, with relatively low population levels. Their presence, however, coincided with the flowering and grain-filling stages, when even low populations can cause economic damage. Overall, the mean values show that BPH (16.76/hill), stem borer (5.46%), and leaf folder (5.02%) were the most dominant pests of the rice ecosystem in Waraseoni. The study clearly indicates that September to October is the most critical period for pest incidence, emphasizing the need for timely monitoring and integrated pest management during this stage.

Lalburra: The data indicate that insect pest incidence varied markedly with crop stage and season. Among the early‐season pests, stem borer, leaf folder, and gall midge infestation started at low levels during the 1st fortnight of August, but gradually increased and reached their peak during the 1st fortnight of September (6.95%, 4.15%, and 6.54%, respectively). After this period, their infestation declined, suggesting that these pests are more active during the vegetative stage of the rice crop. In contrast, brown planthopper (BPH) showed a late and severe outbreak, appearing first in the 2nd fortnight of September and reaching a maximum infestation of 32.69 BPH per hill during the 1st fortnight of October. This highlights BPH as the most dominant pest in the later crop stages, particularly around the reproductive phase. Other pests such as green leafhopper (GLH), gundhi bug, grasshopper (GH), army worm, and green horned caterpillar (GHC) were observed at comparatively low population levels throughout the season, with slight increases during October. Their overall impact remained minor compared to stem borer and BPH. Based on mean values, BPH (17.67/hill) emerged as the most serious pest, followed by stem borer (4.63%), leaf folder (3.56%), and gall midge (3.37%), while the remaining pests maintained low seasonal averages. Overall, the study suggests that September to October is the critical period for pest management, with early focus on stem borer and gall midge, and later emphasis on BPH control.

Balaghat: The data show the seasonal incidence and intensity of major insect pests of rice at Balaghat, indicating clear fluctuations across crop growth stages. Stem borer infestation gradually increased from August, peaked during the 1st fortnight of October (9.45%), and then declined sharply by November. This suggests higher vulnerability of the crop during the active tillering to panicle initiation stage. Leaf folder followed a similar trend, with maximum infestation in the 1st fortnight of October (7.85%), indicating favorable conditions during mid-season crop growth. Gall midge infestation was highest in the 1st fortnight of September (9.22%), after which it declined and was absent from October onward, showing its preference for early vegetative stages. Brown planthopper (BPH) appeared later in the season, with a sharp peak in the 1st fortnight of October (29.63 BPH/hill), making it the most dominant pest during the reproductive stage. Green leafhopper (GLH) population remained low throughout the season, with a maximum of 1.45/hill in early September, indicating minor pest status during the study period. Gundhi bug, grasshopper (GH), army worm, and green hairy caterpillar (GHC) appeared mainly from September to October, coinciding with flowering and grain formation stages, though their populations remained comparatively low. Overall mean values indicate that BPH was the most serious pest, followed by stem borer, gall midge, and leaf folder, while other pests occurred at lower intensities.

Kirnapur: The data show that insect pest incidence varied markedly with crop stage and season, with most pests appearing from August to November and peaking mainly during September–October. Stem borer infestation started at a very low level in early August (0.64%) and gradually increased, reaching a peak in the 1st fortnight of October (11.16%), after which it declined sharply. This indicates that stem borer pressure is highest around the maximum tillering to early reproductive stage of the crop. Leaf folder infestation was present throughout the season, with a major peak during the 2nd fortnight of September (11.48%). Its mean infestation (5.10%) suggests it is one of the consistently important defoliators in the rice ecosystem. Gall midge infestation was observed mainly during August and September, with the highest incidence in the 1st fortnight of September (13.41%), and was absent from October onwards. This shows that gall midge is an early-season pest. Brown planthopper (BPH) appeared later in the season and showed very high infestation during October, peaking in the 1st fortnight (28.94%), with a seasonal mean of 16.12 BPH per hill, making it the most serious pest during the late crop stage. Green leafhopper (GLH) remained at low population levels throughout the season (mean 0.89/hill), indicating minor importance compared to BPH. Gundhi bug, grasshopper (GH), army worm, and green hairy caterpillar (GHC) occurred sporadically, mostly during September–October, with generally low mean populations, suggesting they are secondary or occasional pests. The rice ecosystem at Kirnapur experiences early-season pest pressure from gall midge and leaf folder, while stem borer and BPH dominate during mid to late crop stages, especially in September–October. This highlights the need for stage-specific pest management, with particular attention to BPH during October and leaf folder and gall midge during September.

Lanji: The data show that insect pest incidence in rice varied markedly with crop stage and season. Stem borer infestation was present throughout the season, with a gradual increase from August and a peak during the 1st fortnight of October (14.35%), indicating that the pest was most active at the reproductive stage of the crop. Its overall mean infestation (6.02%) suggests it was one of the consistently important pests. Leaf folder infestation followed a similar trend, remaining low in August, increasing during September, and reaching a maximum in early October (12.45%), before declining sharply towards November. This indicates favorable conditions for leaf folder activity during the mid to late crop growth stages. Gall midge infestation was comparatively higher during September, with a peak in the 1st fortnight of September (10.46%), and then declined rapidly, becoming absent by October. This suggests that gall midge is primarily an early- to mid-season pest in this ecosystem. Among sucking pests, brown planthopper (BPH) showed a very high incidence in the 1st fortnight of October (41.23 BPH/hill), with a seasonal mean of 18.95/hill, making it the most severe pest recorded in the study. Its population surge during October indicates a strong association with dense crop canopy and favorable microclimatic conditions. Green leafhopper (GLH) populations were relatively low throughout the season, with a maximum of 2.94/hill in early September and a mean of 1.02/hill, suggesting minor pest status. Gundhi bug appeared mainly during October, peaking in the 2nd fortnight of October (2.41/hill), coinciding with the grain-filling stage. Defoliators like grasshopper (GH) and army worm occurred at low to moderate levels, with army worm incidence increasing slightly during October (maximum 2.62/hill), while rice hispa (GHC) remained low throughout the season. Overall, the results indicate that September to October is the most critical period for pest management, with stem borer, leaf folder, and especially BPH posing the greatest threat to rice at Lanji. Early-season monitoring is essential for gall midge, while intensive management strategies are crucial during October to minimize yield losses from major pests.

Khairlanji: The data show that insect pest incidence in rice varied distinctly with crop stage and season. Stem borer infestation increased steadily from August and peaked during the 1st fortnight of October (10.85%), indicating its preference for the active tillering to early reproductive stage. Leaf folder followed a similar trend, with maximum infestation also in early October (7.85%), suggesting favorable canopy and climatic conditions during this period. Gall midge incidence was highest in the 1st fortnight of September (9.22%), after which it declined sharply, showing early-season dominance. Among sap-feeding pests, brown planthopper (BPH) appeared only from late September onward and reached a very high level in the 1st fortnight of October (29.63 per hill), marking it as the most serious pest during the reproductive stage. Green leafhopper (GLH) remained at comparatively low levels throughout the season. Gundhi bug, grasshopper (GH), army worm, and green hairy caterpillar (GHC) appeared mainly from September to October with low to moderate populations, peaking mostly during October. Overall mean values indicate that BPH was the dominant pest, followed by stem borer, gall midge, and leaf folder, while other pests remained minor in abundance. The results clearly suggest that September to October is the critical period for pest management in rice at Khairlanji, when multiple pests reach damaging levels simultaneously.

Overall seasonal incidence of major insect pests in the rice ecosystem at Balaghat district: The data presented in Table 3 reveal that the stem borer, leaf folder, gall midge, and brown planthopper (BPH) were the dominant pests across all blocks, though their intensity varied spatially. BPH recorded the highest mean incidence (16.36 insects/hill), highlighting it as the most serious sucking pest in the rice ecosystem of Balaghat, followed by relatively low but consistent populations of green leafhopper (GLH) and gundhi bug. Among the blocks, Lanji showed comparatively higher pest pressure, with maximum values for stem borer (6.02%), leaf folder (5.17%), BPH (18.95/hill), GLH (1.02/hill), and gundhi bug (1.69/hill), suggesting more favorable ecological conditions for pest buildup. Kirnapur recorded the highest gall midge infestation (6.59%), indicating block-specific susceptibility or microclimatic influence on this pest. Lower infestations of grasshopper (GH), army worm, and green hairy caterpillar (GHC) were observed across all blocks, with mean populations remaining around or below one insect per hill, implying their minor role during the observation period. Overall, the results reveal a complex pest succession pattern, where major pests like BPH and stem borer dominate, while minor pests persist at sub-economic levels, emphasizing the need for block-specific integrated pest management strategies in the rice ecosystem of Balaghat district

Stem borer: Stem borer infestation remained low during early August, increased gradually through September, and peaked during the first fortnight of October (11.66%). Thereafter, infestation declined sharply by November. This trend indicates that stem borer pressure is highest during the maximum tillering to panicle initiation stage, when plants are most vulnerable (Table 1). Regarding the pest situation in rice ecosystem during the season was explained by various earlier investigators. Among these, Tripathy et al., (1999) two peaks of yellow stem borer (S. incertulas), of which first was during the last week of September and another during second week of November which coincided with the dough stage of rice. Similarly, Sankpal (2011) observed peak level of S. incertulas at vegetative and reproductive stage.
Leaf folder: Leaf folder infestation followed a pattern similar to stem borer. Infestation increased from August onwards and reached its maximum in the first fortnight of October (7.65%), before declining in November. The higher incidence during September–October suggests favorable conditions such as high humidity and dense foliage, which support larval development (Table 1). Earlier, Ram (1986) and Kushwaha (1988) reported that infestation of leaf folder (C. medinalis) peaked during booting to panicle emergence stage. The leaf folder infestation at grain filling stage was more detrimental which was in accordance with the findings made by Saikia and Parameswaran (1999).

Gall midge: Gall midge infestation was comparatively higher during September, with a peak in the first fortnight of September (9.38%), followed by a decline in October and a small resurgence in November. This indicates that gall midge infestation is more severe during the early vegetative stage of the crop (Table 1).

Brown plant hopper (BPH): BPH population remained negligible during August, but increased sharply and reached a major peak in the first fortnight of October (33.42 insects/hill). This sudden increase highlights the risk of hopper burn during the reproductive stage, particularly under conditions of excess nitrogen fertilization and high humidity (Table 1). In case of brown plant hopper, Desai (2008) showed that the severity of the pest was seen at the reproductive stage of the crop.

Green leafhopper (GLH): GLH population showed a gradual increase from September and peaked during October, though the population remained comparatively lower than BPH. Its presence throughout the season suggests a continuous risk of virus transmission, especially during later crop stages (Table 1). The present finding confirmed with the result of Yadav et al., (2025), GLH population was observed during fourth week of July i.e. 24 day after transplanting and its reached peak level during first week of (20 t0 26) August at 34 standered week.

Gundhi bug: Gundhi bug incidence appeared mainly during September and October, coinciding with the flowering and grain-filling stages. Peak populations during October indicate its role as a serious pest affecting grain quality rather than vegetative growth (Table 1). Das et. al. (2021) The incidence of gundhi bug infestation commenced during second week of October and attained its peak population during first week of November i.e the 44th standard meteorological week (SMW).
Grasshopper (GH), army worm, and green hairy caterpillar (GHC): These pests showed low but consistent presence, with slightly higher populations during September and October. Although their individual populations were not very high, their combined effect can contribute to defoliation and yield reduction if left unmanaged (Table 1). According to Nirala and Ghirtlahre (2025) the population of horned caterpillar, Melantis leda isemene larvae/adult was first appeared during 32 SMW in month of August with 0.50, 1.25, 1.25, 1.00 and 0.75 larvae/adult/25 sweeps respectively in upland direct seeded rice ecosystem (UDS), MNT = Midland normal transplanted rice ecosystem, MSR = Midland SRI (System of rice intensification) rice ecosystem, LLO = Lowland organic rice ecosystem while 0.25 and 1.00 larvae/adult/25 sweeps in 33 SMW UTP = Upland transplanted rice ecosystem and in 34 SMW LLC = Lowland conventional rice ecosystem.

Overall, the results clearly demonstrate that September to October is the most critical period for insect pest infestation in the rice ecosystem of Balaghat district. Most major pests reached their peak during this period, emphasizing the need for timely monitoring and integrated pest management (IPM) practices. Strategic interventions during late September and early October can significantly reduce pest damage and improve rice yield (Table 1). Stem borer population showed two peak activities during heading and flowering stages. Green leaf hopper and Brown plant hopper population was reached highest in flowering and milk grain stage. Earhead bug and leaf folder caused maximum crop damage during milky and flowering stage. Regarding the pest situation in rice ecosystem during the season was explained by Kakde and Patel (2018) the pest population occurance in both the methods indicated similar type of trend. Stem borer population showed two peak activities during heading and flowering stages. Green leaf hopper and Brown plant hopper population was reached highest in flowering and milk grain stage. Earhead bug and leaf folder caused maximum crop damage during milky and flowering stage.
Seasonal activity of Natural enemy in the rice ecosystem

The data from table 2, indicate that a diverse complex of natural enemies was active across the rice ecosystem of Balaghat district, though their abundance varied markedly among locations. Dragonflies and damselflies were the most prominent predators throughout the season, reflecting the suitability of flooded rice fields for odonate breeding and their important role in regulating flying insect pests. Dragonfly activity was particularly high in Lanji and Waraseoni, suggesting favourable microclimatic and habitat conditions in these areas, while lower numbers in Lalburra and Khairlanji point to comparatively reduced ecological suitability or prey availability. Spiders were consistently present across all locations, indicating their stable establishment in the rice ecosystem. Their moderate but uniform abundance highlights their role as generalist predators contributing to continuous suppression of pest populations. Mirid bugs showed pronounced spatial variation, with very high values in certain locations, suggesting localized outbreaks or habitat preferences that may influence pest–predator dynamics. Lady bird beetles occurred in relatively lower numbers compared to odonates but were evenly distributed, indicating a supplementary role in controlling soft-bodied pests such as aphids and leafhoppers. Overall, the table reflects a strong natural enemy base in the rice ecosystem of Balaghat district, with predator abundance closely linked to local environmental conditions. The dominance of dragonflies, damselflies, and spiders suggests their major contribution to natural biological control, emphasizing the importance of conserving these beneficial organisms through eco-friendly pest management practices. Regarding natural enemies population occurrence, similar type findings were reported by Vijaykumar and Patil (2004), wherein they found that the spider population was directly related to growth stages of the rice plants. Likewise, Sankpal (2011) observed the spider population was found to be increased with increasing the incidence of yellow stem borer and leaf folder during the crop period.  According to Kakde and Patil (2018) in case of natural enemies, spider population activity was noticed more in number when there was higher pest pressure i.e flowering, milky and dough grain stage of the rice.

Conclusion 

The maximum percent infestation of stem borer and leaf folder were recorded during 1st fortnight of October with 11.66 and 7.65 percent, respectively. The gall midge infestation was started from transplanting of crop and continues up to late tillering stage with highest peak 9.38% silver shoot during 1st fortnight of September. In case of sucking pest GLH and BPH, the maximum nymph and adult populations were recorded during 1st fortnight of September (1.48/hill) and 1st fortnight of October (33.42/hill), respectively. The highest population of gundhi bug and army worm was recorded 2nd fortnight of October at milking stage of crop with the value of 1.82 and 1.76, respectively. The maximum grasshopper (1.48/hill) and green horn caterpillar (1.42/hill) were noticed during 1st fortnight of October. The maximum seasonal incidence stem borer, leaf folder, BPH, GLH, gundhi bug, army worm and green horn caterpillar were recorded at Lanji block of Balaghat. Whereas, the activity gall midge and grasshopper   were noticed at Kirnapur and Khairlanji blocks, respectively.
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Table 1: Seasonal incidence and infestation percent of major insect pests in rice ecosystem under different blocks of Balaghat

	Time 
	Infestation %
	Population/hill

	
	Stem borer 
	Leaf folder
	Gall midge
	BPH
	GLH
	Gundhi bug
	GH
	Army worm
	GHC

	Waraseoni

	1st fortnight, Aug.
	1.62
	0.96
	0.65
	-
	0.11
	-
	-
	-
	-

	2nd fortnight, Aug.
	4.56
	2.37
	2.66
	-
	0.47
	-
	-
	-
	0.11

	1st fortnight, Sep.
	8.19
	5.81
	7.43
	-
	0.25
	-
	0.09
	0.56
	0.16

	2nd fortnight, Sep.
	2.52
	3.32
	1.66
	3.27
	0.10
	0.36
	0.87
	1.22
	1.29

	1st fortnight, Oct.
	13.32
	8.11
	-
	38.41
	-
	1.39
	1.23
	1.42
	0.89

	2nd fortnight, Oct.
	6.92
	12.61
	-
	19.54
	-
	1.86
	0.16
	1.09
	0.56

	1st fortnight, Nov.
	1.06
	1.95
	-
	5.83
	-
	0.27
	-
	0.11
	-

	Mean 
	5.46
	5.02
	3.10
	16.76
	0.23
	0.97
	0.59
	0.88
	0.60

	Lalburra

	1st fortnight, Aug.
	1.47
	1.12
	1.13
	-
	0.09
	-
	-
	-
	-

	2nd fortnight, Aug.
	3.62
	3.21
	3.16
	-
	0.95
	-
	-
	-
	-

	1st fortnight, Sep.
	6.95
	4.15
	6.54
	-
	1.14
	-
	0.11
	-
	0.23

	2nd fortnight, Sep.
	2.77
	3.32
	2.64
	6.89
	0.62
	-
	0.66
	0.88
	1.07

	1st fortnight, Oct.
	10.85
	6.71
	-
	32.69
	-
	1.24
	1.45
	1.06
	1.66

	2nd fortnight, Oct.
	4.45
	5.19
	-
	21.52
	-
	1.77
	0.10
	1.19
	0.42

	1st fortnight, Nov.
	2.33
	1.25
	-
	9.56
	-
	0.07
	-
	0.22
	0.09

	Mean 
	4.63
	3.56
	3.37
	17.67
	0.70
	1.03
	0.58
	0.84
	0.69

	Balaghat

	1st fortnight, Aug.
	1.66
	0.68
	0.87
	-
	0.03
	-
	-
	-
	-

	2nd fortnight, Aug.
	2.96
	2.19
	4.18
	-
	0.83
	-
	-
	-
	-

	1st fortnight, Sep.
	5.79
	5.61
	9.22
	-
	1.45
	-
	0.26
	-
	-

	2nd fortnight, Sep.
	3.52
	3.44
	4.62
	7.17
	0.47
	-
	0.98
	0.78
	0.88

	1st fortnight, Oct.
	9.45
	7.85
	0.87
	29.63
	-
	0.92
	1.88
	1.29
	1.12

	2nd fortnight, Oct.
	5.62
	4.25
	-
	15.23
	-
	1.59
	0.11
	1.84
	0.20

	1st fortnight, Nov.
	1.46
	0.29
	-
	5.24
	-
	0.28
	-
	0.16
	-

	Mean 
	4.35
	3.47
	3.95
	14.32
	0.70
	0.93
	0.81
	1.02
	0.73

	Kirnapur

	1st fortnight, Aug.
	0.64
	1.24
	1.74
	-
	0.16
	-
	-
	-
	-

	2nd fortnight, Aug.
	2.44
	3.76
	5.49
	-
	1.32
	-
	-
	-
	-

	1st fortnight, Sep.
	7.21
	6.28
	13.41
	-
	1.64
	-
	0.31
	-
	0.47

	2nd fortnight, Sep.
	3.64
	11.48
	5.73
	9.64
	0.43
	-
	0.87
	0.72
	1.10

	1st fortnight, Oct.
	11.16
	2.95
	-
	28.94
	-
	1.02
	1.42
	1.12
	1.77

	2nd fortnight, Oct.
	2.95
	8.51
	-
	18.42
	-
	1.69
	0.05
	1.96
	0.24

	1st fortnight, Nov.
	1.04
	1.46
	-
	7.49
	-
	0.23
	-
	0.11
	-

	Mean 
	4.15
	5.10
	6.59
	16.12
	0.89
	0.98
	0.66
	0.98
	0.90

	Lanji

	1st fortnight, Aug.
	2.23
	1.36
	0.84
	-
	0.10
	-
	-
	-
	-

	2nd fortnight, Aug.
	6.16
	4.10
	7.52
	-
	0.56
	-
	-
	-
	0.67

	1st fortnight, Sep.
	4.91
	5.27
	10.46
	-
	2.94
	-
	0.09
	-
	1.32

	2nd fortnight, Sep.
	6.45
	7.95
	5.94
	10.44
	1.19
	-
	0.54
	0.36
	2.59

	1st fortnight, Oct.
	14.35
	12.45
	1.58
	41.23
	0.30
	1.87
	1.02
	1.12
	1.29

	2nd fortnight, Oct.
	5.58
	3.29
	-
	17.64
	-
	2.41
	0.16
	2.62
	-

	1st fortnight, Nov.
	2.48
	1.79
	-
	6.49
	-
	0.80
	-
	1.16
	-

	Mean 
	6.02
	5.17
	5.27
	18.95
	1.02
	1.69
	0.45
	1.32
	1.47

	Khairlanji

	1st fortnight, Aug.
	1.47
	0.68
	0.87
	-
	0.03
	-
	-
	-
	-

	2nd fortnight, Aug.
	3.62
	2.19
	4.18
	-
	0.83
	-
	-
	-
	-

	1st fortnight, Sep.
	6.95
	5.61
	9.22
	-
	1.45
	-
	0.26
	-
	0.47

	2nd fortnight, Sep.
	2.77
	3.44
	4.62
	7.17
	0.47
	-
	0.98
	0.78
	1.10

	1st fortnight, Oct.
	10.85
	7.85
	0.87
	29.63
	-
	0.92
	1.88
	1.29
	1.77

	2nd fortnight, Oct.
	4.45
	4.25
	-
	15.23
	-
	1.59
	0.11
	1.84
	0.24

	1st fortnight, Nov.
	2.33
	0.29
	-
	5.24
	-
	0.28
	-
	0.16
	-

	Mean 
	4.63
	3.47
	3.95
	14.32
	0.70
	0.93
	0.81
	1.02
	0.90

	Over all mean

	1st fortnight, Aug.
	1.52
	1.01
	1.02
	
	0.09
	
	
	
	

	2nd fortnight, Aug.
	3.89
	2.97
	4.53
	
	0.83
	
	
	
	0.39

	1st fortnight, Sep.
	6.67
	5.46
	9.38
	
	1.48
	
	0.19
	0.56
	0.53

	2nd fortnight, Sep.
	3.61
	5.49
	4.20
	7.43
	0.55
	0.36
	0.82
	0.79
	1.34

	1st fortnight, Oct.
	11.66
	7.65
	1.11
	33.42
	0.30
	1.23
	1.48
	1.22
	1.42

	2nd fortnight, Oct.
	5.00
	6.35
	
	17.93
	
	1.82
	0.12
	1.76
	0.33

	1st fortnight, Nov.
	1.78
	1.17
	
	6.64
	
	0.32
	
	0.32
	0.09

	Mean
	4.88
	4.30
	4.05
	16.36
	0.65
	0.93
	0.65
	0.93
	0.68
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Fig. 1: Seasonal incidence of major insect pests in rice ecosystem of Balaghat 

Table 2: Seasonal incidence trend of major insect pests in rice ecosystem under different blocks of Balaghat

	Block 
	Infestation %
	Population/hill

	
	Stem borer 
	Leaf folder
	Gall midge 
	BPH
	GLH
	Gundhi bug
	GH
	Army worm
	GHC

	Waraseoni 
	5.46
	5.02
	3.10
	16.76
	0.23
	0.97
	0.59
	0.88
	0.60

	Lalburra 
	4.63
	3.56
	3.37
	17.67
	0.70
	1.03
	0.58
	0.84
	0.69

	Balaghat 
	4.35
	3.47
	3.95
	14.32
	0.70
	0.93
	0.81
	1.02
	0.73

	Kirnapur 
	4.15
	5.10
	6.59
	16.12
	0.89
	0.98
	0.66
	0.98
	0.90

	Lanji 
	6.02
	5.17
	5.27
	18.95
	1.02
	1.69
	0.45
	1.32
	1.47

	Khairlanji 
	4.63
	3.47
	3.95
	14.32
	0.70
	0.93
	0.81
	1.02
	0.90

	Mean 
	4.87
	4.30
	4.37
	16.36
	0.71
	1.09
	0.65
	1.01
	0.88
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Fig. 2: Seasonal incidence trend of major insect pests in rice ecosystem under different blocks of Balaghat.
Table 3: Seasonal activity of natural enemy under rice ecosystem in Balaghat district of Madhya Pradesh

	Natural enemy 
	Waraseoni 
	Lalburra 
	Balaghat 
	Kirnapur 
	Lanji 
	Khairlanji 
	Mean 

	Dragonfly 
	46
	11
	7
	33
	51
	12
	58.82

	Damselfly 
	17
	21
	18
	26
	22
	8
	41.18

	Spider
	24
	13
	18
	22
	35
	11
	20.50

	Mirid bug
	24
	3
	7
	16
	12
	2
	100

	Lady bird beetle
	9
	11
	2
	7
	4
	8
	38.85

	Mean 
	3.47
	3.95
	14.32
	0.70
	0.93
	0.81
	1.02
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Fig. 3: Seasonal activity of natural enemy under rice ecosystem in Balaghat district of Madhya Pradesh

