


Spatio-temporal variability in infestation and damage dynamics of Fall Armyworm (Spodoptera frugiperda) and Pink Stem Borer (Sesamia inferens) in rabi maize of Telangana

Abstract:
A systematic roving survey was undertaken during the rabi season of 2023–24 across 24 maize-growing villages in six districts of Telangana, spanning the Southern, Central, and Northern agro-climatic zones, to assess the incidence, severity, and spatial distribution of FAW, and PSB. Pest incidence was quantified using a standardized W-shaped transect method, with 50 plants examined per field at two critical growth stages: vegetative (20–35 DAS) and reproductive (50–65 DAS). At the vegetative stage, FAW incidence ranged from 22.0% (Ramreddipalli) to 70.0% (Palem), with a mean of 48.46% and a coefficient of variation (CV) of 9.74%. Corresponding proportional losses, based on a severity factor of 0.83, were estimated at 18.26–58.10%. By the reproductive stage, FAW incidence declined substantially (11.0–36.0%; mean: 20.13%; CV: 13.76%), with associated damage of 8.8–21.2% (severity factor: 0.80). Severe FAW pressure (>60%) was recorded in 12.5% of surveyed villages at the vegetative stage, whereas only 8.3% reported infestation above 30% during the reproductive phase. In contrast, PSB incidence during the vegetative stage exhibited greater spatial variability, ranging from 10.0% (Chilpur) to 44.0% (Khanapur), with a mean of 22.77% and CV of 15.76%. Damage estimates, derived from severity factors of 0.78–0.86, varied between 8.10% and 36.72%. Spatial stratification revealed that 8.3% of villages experienced high infestation (>40%), 33.3% moderate (25–40%), 41.7% low-moderate (15–25%), and 16.7% low (<15%). The contrasting spatiotemporal dynamics of FAW and PSB indicate that FAW exerts maximum pressure during early crop growth, while PSB maintains heterogeneous but persistent incidence during the vegetative stage. These findings emphasize the need for stage-specific, zone-oriented integrated pest management (IPM) strategies, aligned with pest biology and regional agro-ecological contexts, to minimize yield losses in rabi maize ecosystems of Telangana.
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Introduction:
Maize (Zea mays L.) is the third most important cereal crop worldwide after wheat and rice, cultivated across nearly 200 million hectares with an annual production exceeding 1.2 billion tonnes and an average productivity of 5.7 t ha⁻¹ (FAO, 2023).  In India, maize is grown on 9.5–10 million hectares, producing about 34–36 million tonnes with an average productivity of 3.5–3.7 t ha⁻¹, which is lower than the global average due to biotic and abiotic stresses (IIMR, 2022; FAO, 2023). The crop serves as a staple food, feed, and raw material for starch, ethanol, and poultry industries, making it critical for food, nutritional, and livelihood security. Increasing productivity through sustainable crop protection and improved management practices is essential to meet the rising demand in India and globally. In the rabi 2024–25 season, maize was cultivated on 23.11 lakh hectares (57.11 lakh acres) as of 17 March 2025, showing an increase over the 21.78 lakh hectares (53.82 lakh acres) recorded during the same period in the previous year. The major rabi maize-growing states include Bihar (4.73 lakh ha), Maharashtra (4.72 lakh ha), Telangana (3.69 lakh ha), Tamil Nadu (2.49 lakh ha), West Bengal (2.00 lakh ha), Andhra Pradesh (1.76 lakh ha), Karnataka (1.42 lakh ha), and Gujarat (1.33 lakh ha). In Telangana, during the kharif 2025 season, maize was cultivated in 2.23 lakh hectares (5.52 lakh acres) as of 6 August 2025, which is considerably higher compared to 1.61 lakh hectares (3.97 lakh acres) reported during the corresponding period of the previous year. The major maize-growing districts in Telangana include Bhadradri Kothagudem, Kamareddy, Karimnagar, Nirmal, Nagarkurnool, and Rangareddy (PJTAU, 2025). These trends highlight the increasing importance of maize acreage expansion in India, particularly in non-traditional rabi-growing regions, which plays a vital role in ensuring food and nutritional security under changing climatic and market dynamics.
Despite their tremendous importance for food security and the rural economy, maize and millet in India are increasingly threatened by insect pests. The fall armyworm (FAW, Spodoptera frugiperda), first detected in India in May 2018, spread across most maize-growing states within two months, highlighting its rapid invasion dynamics (Sharanabasappa et al. 2018; Deshmukh et al., 2021; Sahani et al. 2022; Abang et al. 2024). FAW's management is challenging due to its polyphagy (feeding on hundreds of plant species), high fecundity (~1,000 eggs per female), strong flying/migratory ability, and tolerance for various climatic conditions (Prasanna et al. 2018; Day et al. 2017). Infestations occur throughout the maize crop’s lifecycle from sowing to harvest and average field-level damage ranges from 22% to 36%, with severe stress conditions reported to cause up to 50% yield loss (Prasanna et al. 2021; Jagadish et al. 2020; Day et al. 2017). In addition, pink stem borer (PSB, Sesamia inferens) incidence has increased during the rabi season; although its activity is typically limited to early growth stages, PSB is capable of killing entire plants via stem tunneling, with reported yield losses between 20% and 60% depending on crop stage and local conditions (Sharma et al. 2017; Sidar et al. 2017; Meena at al., 2024). These dual pest threats FAW and PSB now pose significant risks to rabi and kharif maize production in India, warranting integrated pest management strategies tailored to season- and pest-specific dynamics (Rajashekhar et al., 2024). 
However in recent years, the incidence of major insect pests such as FAW and PSB in maize has exhibited considerable dynamism, largely influenced by climate change, shifts in pest succession, and alterations in cropping patterns. To address this emerging challenge, the present survey was undertaken to assess the percentage incidence and extent of damage caused by FAW and PSB across the major maize-growing zones of Telangana.

2. Materials and Methods:
2.1. Survey in different districts of Telangana
A systematic roving survey was undertaken during the rabi season of 2023–24 across the major maize-growing regions of Telangana to assess the incidence and damage levels of two key lepidopteran pests, the FAW and the PSB. The survey was conducted in 24 villages representing 12 mandals distributed across six districts that fall under the three predominant agro-climatic maize production zones of the state Southern Telangana Zone (STZ), Central Telangana Zone (CTZ), and Northern Telangana Zone (NTZ) (Table.1 & Fig.1).
Table.1 Survey conducted on damage assessment and  % incidence of FAW  and PSB on Maize in Telangana
	S.No
	Name of the Zone
	Name of the district
	Name of the Mandal
	Name of the village

	1
	Southern Telangana Zone(STZ)
	Nagarkurnool
	Bijinepally
	Palem

	
	
	
	
	Khanapur

	
	
	
	Thimajipeta
	Gorita

	
	
	
	
	Gummakonda

	
	
	Rangareddy
	Kandukur
	Dasrlapalle

	
	
	
	
	Pulumamidi

	
	
	
	Manchal
	Manchal

	
	
	
	
	Nomula

	2
	Central Telangana Zone (CTZ)
	Jayashankar Bhupalpalli
	Chityal
	Gopalpur

	
	
	
	
	Kailapur

	
	
	
	Ghanpur
	Chilpur

	
	
	
	
	Malkapur

	
	
	Siddipeta
	Siddipet
	Morrapur

	
	
	
	
	Siddipet

	
	
	
	Kondapak
	Lakudaram

	
	
	
	
	Kukunoorpally

	3
	Northern Telangana Zone (NTZ)
	Kamareddy
	Domakonda
	Muthyampet

	
	
	
	
	Ramreddipalli

	
	
	
	Yellareddy
	Annasagar

	
	
	
	
	Hajipur

	
	
	Karimnagar
	Karimnagar
	Areaplle

	
	
	
	
	Asifnagar

	
	
	
	Gangadhara
	Islampur

	
	
	
	
	Burgupalle



In the Southern Telangana Zone, villages of Bijinepally and Thimajipeta mandals in Nagarkurnool district (Palem, Khanapur, Gorita, Gummakonda) and Kandukur and Manchal mandals of Rangareddy district (Dasrlapalle, Pulumamidi, Nomula) were surveyed. In the Central Telangana Zone, representative maize fields were monitored in Jayashankar Bhupalpalli district (Gopalpur, Kailapur, Malkapur from Chityal, Ghanpur, and Chilpur mandals) and Siddipet district (Morrapur, Lakudaram, Kukunoorpally from Siddipet, Kondapak mandals). From the Northern Telangana Zone, villages of Kamareddy district (Muthyampet, Ramreddipalli, Annasagar from Domakonda, Yellareddy, Hajipur mandals) and Karimnagar district (Arepalle, Asifnagar, Islampur, Burgupalle from Karimnagar and Gangadhara mandals) were included. The pest incidence was recorded twice during the crop growth period, first at the vegetative stage (20–35 DAS) and again at the reproductive stage (50–65 DAS). 
2.2. Methodology (Survey Protocol): In each selected maize field, pest incidence was assessed following a standardized W-shaped transect sampling method, which is widely recommended for field surveys to obtain representative estimates of pest distribution (Hruska & Gladstone, 1988; van Huis, 1981; Prasanna et al., 2018).  Surveyed fields were entered from one edge, avoiding the first 5–10 m to minimize border effects, and walked in a “W” trajectory with five equidistant sampling points. At each point, ten consecutive plants were examined, resulting in 50 plants per acre surveyed. For each plant, presence of FAW symptoms (egg masses, larvae, and fresh whorl damage) and PSB indicators (deadheart, exit holes, and frass) were recorded. Pest incidence was expressed as the percentage of plants showing respective pest symptoms, while mean FAW damage score was calculated across sampled plants. Additionally, GPS coordinates, crop stage, maize variety, sowing date, irrigation status, and pesticide application history were recorded to enable spatial and temporal analysis of pest dynamics. This comprehensive monitoring enabled the estimation of spatial variability, seasonal progression, and zone-specific pest pressure in Telangana’s maize ecosystem. This facilitated the development of geo-referenced pest distribution maps for both FAW and PSB.
2.2. Data Collection 
Field data were systematically collected on the incidence and severity of FAW and PSB infestations in maize. Observations were recorded at two critical crop growth stages: the vegetative stage (20-25 DAS) and the reproductive stage (50-65 DAS), corresponding to the major rabi season of maize cultivation. The standard protocols ensured appropriate evaluation of FAW and PSB incidence, leaf damage, and severity across village-level maize fields. The following formulas were used to assess the % of FAW & PSB incidence in field conditions. Followed by severity factor and per centage damage was also computed to get the exact incidence and spatial distribution these two major pest on maize.
1. For FAW per cent infested plants per quadrant was calculated using the formula:

2. For PSB per cent infested plants per quadrant was calculated using the formula:

3. Severity Factor = 0.83 (average FAW feeding severity)
4. % Damage = % Infestation × Severity Factor
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Fig.1. Mapping of the % of incidence of FAW & PSB on Maize crop of Telangana
3. Results and Discussion:
3.1. %infestation and % damage level of FAW at vegetative stage:
A comprehensive field survey conducted across 24 maize-growing villages during the vegetative stage revealed substantial spatial variability in FAW infestation. Uniform sampling of 50 plants per field indicated that infestation ranged from 22.0% in Ramreddipalli to 70.0% in Palem, representing a 3.18-fold difference in intensity. The overall mean infestation across villages was 48.46%, with a coefficient of variation (CV) of 9.74%, indicating relatively low variability and good precision in data collection (Table 2).
Villages with the highest infestation included Palem (70.0%), Gummakonda (66.0%), and Manchal (62.0%). Substantial pest incidence was also observed in Khanapur and Muthyampet (both 60.0%), Dasrlapalle (58.0%), Chilpur (58.0%), and Areapalle (58.0%). Moderate levels of infestation (54.0–56.0%) were recorded in Gorita, Gopalpur, Morrapur, Pulumamidi, Malkapur, and Annasagar. In contrast, lower infestation rates were reported from Nomula (38.0%), Kukunoorpally (38.0%), and Siddipet (39.0%), while the least affected villages were Ramreddipalli (22.0%), Lakudaram (30.0%), Kailapur (32.0%), Asifnagar (29.0%), and Islampur (34.0%). The farmers’ perception survey revealed that fall armyworm incidence varied with crop stage and season. Our results are in line with the earlier findings of Netam et al. (2022), who reported 83.3% damage during early to mid-vegetative stages. The current findings are in agreement with earlier reports by Getu et al., (2024) in Ethiopia. An infestation rate of 71.7% was recorded as the highest in Niger (Farouk et al., 2025), which is relatively low compared with values reported in other studies. For instance, Sisay et al. (2019) documented higher infestation levels of 90.83% in Kenya and 96.5% in Tanzania under similar conditions in East African countries.
Damage assessment, calculated with a severity factor of 0.83, showed proportional variation with infestation, ranging from 18.26% in Ramreddipalli to 58.10% in Palem. The critical difference (CD) at P = 0.05 was 7.13%, confirming that infestation differences exceeding this threshold were statistically significant. The standard error of mean (SEm±) was 2.49%, demonstrating satisfactory precision of estimates.
Overall, 12.5% of villages experienced severe infestation (>60%), 54.2% exhibited moderate infestation (40–60%), and 33.3% recorded low infestation (<40%). The current study also reported a higher percentage of damaged leaves in the major season compared to the minor season, which could be attributed to differences in weather conditions between the two seasons (Skendžić et al., 2021). This clear spatial heterogeneity suggests that FAW population dynamics are strongly shaped by environmental conditions, agronomic practices, and ecological interactions. The findings emphasize the necessity of spatially targeted integrated pest management (IPM) strategies to effectively mitigate FAW damage under varying regional infestation pressures as per Rajashekhar et al., (2024).
Table.2 Percentage infestation and damage level of FAW at vegetative stage on maize
	Village
	No. of FAW-Infested Plants Observed
	Total No. of Plants Observed
	% Infestation
	Severity Factor
	% Damage 

	Palem
	35
	50
	70.00 (57.13)ᵃ
	0.83
	58.1

	Khanapur
	30
	50
	60.00 (50.86)ᵃᵇ
	0.83
	49.8

	Gorita
	28
	50
	56.00 (48.49)ᵇᶜ
	0.83
	46.48

	Gummakonda
	33
	50
	66.00 (54.5)ᵃᵇ
	0.83
	54.78

	Dasrlapalle
	29
	50
	58.00 (49.85)ᵃᵇ
	0.83
	48.14

	Pulumamidi
	27
	50
	54.00 (47.29)ᵇᶜᵈᵉ
	0.83
	44.82

	Manchal
	31
	50
	62.00 (51.98)ᵃᵇ
	0.83
	51.46

	Nomula
	19
	50
	38.00 (37.96)ᶠ
	0.83
	31.54

	Gopalpur
	28
	50
	56.00 (48.5)ᵇᶜ
	0.83
	46.48

	Kailapur
	16
	50
	32.00 (34.43)ᶠᵍ
	0.83
	26.56

	Chilpur
	29
	50
	58.00 (49.65)ᵃᵇ
	0.83
	48.14

	Malkapur
	27
	50
	54.00 (47.29)ᵇᶜᵈᵉ
	0.83
	44.82

	Morrapur
	28
	50
	56.00 (48.43)ᵇᶜᵈ
	0.83
	46.48

	Siddipet
	19.5
	50
	39.00 (38.63)ᶠ
	0.83
	32.37

	Lakudaram
	15
	50
	30.00 (33.2)ᶠᵍ
	0.83
	24.9

	Kukunoorpally
	19
	50
	38.00 (38.04)ᶠ
	0.83
	31.54

	Muthyampet
	30
	50
	60.00 (50.75)ᵃᵇ
	0.83
	49.8

	Ramreddipalli
	11
	50
	22.00 (27.91)ᵍ
	0.83
	18.26

	Annasagar
	27
	50
	54.00 (47.28)ᵇᶜᵈᵉ
	0.83
	44.82

	Hajipur
	21
	50
	42.00 (40.38)ᶜᵉᶠ
	0.83
	34.86

	Areaplle
	29
	50
	58.00 (49.58)ᵃᵇ
	0.83
	48.14

	Asifnagar
	14.5
	50
	29.00 (32.57)ᶠᵍ
	0.83
	24.07

	Islampur
	17
	50
	34.00 (35.65)ᶠᵍ
	0.83
	28.22

	Burgupalle
	26
	50
	52.00 (46.13)ᵇᶜᵈᵉ
	0.83
	43.16

	CD(P=0.05)
	7.13

	SEm(±)
	2.49

	CV(%)
	9.74


Values mentioned in parenthesis are arc sign transformed values
3.2. %infestation and % damage level of FAW at reproductive stage:
Field surveys conducted during the reproductive stage of maize across 24 villages revealed substantially lower FAW infestation compared with the vegetative stage. Infestation levels ranged from 11.0% in Manchal to 36.0% in Gummakonda, reflecting a 3.27-fold variation in pest pressure across locations. The mean infestation across all surveyed villages was 20.13%, which was less than half of the mean recorded during the vegetative stage (48.46%). The coefficient of variation (CV) was 13.76%, higher than that observed at the vegetative stage (9.74%), suggesting greater spatial heterogeneity in FAW incidence during the reproductive phase, likely due to host physiological changes and environmental factors influencing pest dynamics (Table.3).
Villages such as Gummakonda (36.0%) and Malkapur (34.0%) exhibited the highest infestation levels, followed by Muthyampet (32.0%), Khanapur (28.0%), and Gopalpur (28.0%). Moderate infestation (22.0–26.0%) was recorded in Kukunoorpally, Dasrlapalle, Nomula, Siddipet, Asifnagar, and Hajipur. Several villages maintained relatively low infestation levels (<20.0%), including Kailapur, Ramreddipalli, Lakudaram, Annasagar, Gorita, Pulumamidi, Morrapur, and Islampur. The lowest infestation was recorded in Palem (12.0%), Chilpur (12.0%), Areapalle (12.0%), and Manchal (11.0%), showing a drastic reduction compared with their higher infestation during the vegetative stage, a trend also reported by Ankur et al. (2023) in Rajasthan.
Damage assessment, calculated using a severity factor of 0.80 (adjusted from 0.83 at the vegetative stage), ranged from 8.8% in Areapalle to 21.2% in Kukunoorpally. Comparable results were reported by Singh et al. (2023), who observed severity levels ranging from 0 to 1.40, with an average leaf damage score of 1 on a 0–4 categorical scale. While damage levels were generally proportional to infestation, some locations displayed disproportionate damage, indicating possible differences in plant susceptibility or pest feeding intensity during reproductive growth. The critical difference (CD) at P = 0.05 was 6.02%, and the standard error of mean (SEm±) was 2.11%, confirming robust precision of estimates.
Overall, 8.3% of villages experienced high infestation (>30%), 45.8% showed moderate levels (20–30%), and 45.8% maintained low infestation (<20%). Compared with the vegetative stage, the reproductive stage exhibited a more uniform pest distribution, with fewer severely affected locations. Villages such as Gummakonda and Malkapur consistently sustained higher infestation across both stages, whereas Palem and Manchal showed dramatic reductions, suggesting that stage-specific host resistance, localized ecological conditions, and natural enemy activity may have contributed to suppression of FAW populations during the reproductive stage similar results are reported by the Siaw et al., (2024) in two major maize enclaves (Ejura and Ejisu) in Ghana.
Table.3 Percentage infestation and damage level of FAW at reproductive stage on maize
	Village
	No. of FAW-Infested Plants Observed
	Total No. of Plants Observed
	% Infestation
	Severity Factor
	% Damage

	Palem
	6
	50
	12.00 (19.98)ᵍ  
	0.8
	9.6

	Khanapur
	14
	50
	28.00 (31.82)ᵃᵇᶜᵈ  
	0.8
	14.4

	Gorita
	7
	50
	14.00 (21.39)ᶠᵍ 
	0.8
	17.6

	Gummakonda
	18
	50
	36.00 (36.56)ᵃ  
	0.8
	12.8

	Dasrlapalle
	13
	50
	26.00 (30.46)ᵃᵇᶜᵈᵉ 
	0.8
	20.8

	Pulumamidi
	7
	50
	14.00 (21.87)ᶠᵍ  
	0.8
	11.2

	Manchal
	5.5
	50
	11.00 (19.36)ᵍ  
	0.8
	16

	Nomula
	12
	50
	24.00 (29.16)ᵇᶜᵈᵉ  
	0.8
	19.2

	Gopalpur
	14
	50
	28.00 (31.86)ᵃᵇᶜᵈ  
	0.8
	13.2

	Kailapur
	9
	50
	18.00 (25.09)ᵈᵉᶠᵍ  
	0.8
	14.8

	Chilpur
	6
	50
	12.00 (20.16)ᵍ  
	0.8
	10

	Malkapur
	17
	50
	34.00 (35.65)ᵃᵇ  
	0.8
	18

	Morrapur
	7
	50
	14.00 (21.96)ᶠᵍ  
	0.8
	11.6

	Siddipet
	12
	50
	24.00 (29.31)ᵇᶜᵈᵉ  
	0.8
	20

	Lakudaram
	8
	50
	16.00 (23.48)ᵉᶠᵍ  
	0.8
	9.2

	Kukunoorpally
	13
	50
	26.00 (30.60)ᵃᵇᶜᵈ 
	0.8
	21.2

	Muthyampet
	16
	50
	32.00 (34.23)ᵃᵇᶜ 
	0.8
	16.4

	Ramreddipalli
	9
	50
	18.00 (25.09)ᵈᵉᶠᵍ  
	0.8
	14.4

	Annasagar
	8
	50
	16.00 (23.54)ᵉᶠᵍ  
	0.8
	12.8

	Hajipur
	11
	50
	22.00 (27.96)ᶜᵈᵉᶠ  
	0.8
	17.6

	Areaplle
	6
	50
	12.00 (20.22)ᵍ 
	0.8
	8.8

	Asifnagar
	12
	50
	24.00 (29.32)ᵇᶜᵈᵉ  
	0.8
	19.6

	Islampur
	7
	50
	14.00 (21.93)ᶠᵍ 
	0.8
	11.2

	Burgupalle
	10
	50
	20.00 (26.54)ᵈᵉᶠᵍ  
	0.8
	16.8

	CD(P=0.05)
	6.02

	SEm(±)
	2.11

	CV(%)
	13.76


Values mentioned in parenthesis are arc sign transformed values
3.3. %infestation and % damage level of PSB at vegetative stage:
The assessment of PSB, infestation during the vegetative stage of maize across 24 villages revealed substantial spatial variability in pest pressure. Infestation rates ranged from 10.0% in Chilpur to 44.0% in Khanapur, representing a 4.4-fold variation across the surveyed region, and our results are in line with the earlier reports of Deole et al. (2017). The mean infestation was 22.77%, with a coefficient of variation (CV) of 15.76%, indicating moderate to high variability and reflecting the heterogeneous distribution of PSB in maize fields. The higher CV compared with FAW infestation suggests that the boring habit of PSB larvae, coupled with microhabitat differences, contributes to greater spatial heterogeneity in population distribution during the vegetative stage.
Villages with the highest infestation included Khanapur (44.0%) and Dasarlapalle (43.2%), followed by Annasagar (38.0%) and Manchal (36.0%). Moderate infestation (24.0–30.0%) was recorded in Siddipet, Arepalle, Palem, Gummakonda, Kukunoorpally, Nomula, Malkapur, and Asifnagar, indicating widespread but variable pest pressure across geographically diverse locations. Several villages maintained relatively low infestation rates, ranging from 13.4% to 20.0%, including Kailapur, Ramreddipalli, Morrapur, Lakudaram, Hajipur, Burgupalle, Muthyampet, Gorita, Pulumamidi, Gopalpur, and Islampur, with Chilpur (10.0%) exhibiting the lowest infestation and representing the most resistant location. During the rabi season, the incidence of pink stem borer (Sesamia inferens) was reported by Netam et al. (2022) as 0% high, 20.4% medium, 62.8% low, and 16.8% null. Our results corroborate these earlier findings, indicating a predominance of low to moderate incidence levels.
Damage assessment revealed variable severity factors ranging from 0.78 to 0.86, reflecting location-specific differences in plant susceptibility and larval feeding intensity. Calculated damage levels ranged from 8.10% in Chilpur to 36.72% in Dasarlapalle. Notably, differences in severity factors resulted in disproportionate damage levels relative to infestation rates, as observed in Dasarlapalle (43.2% infestation, 36.72% damage) compared with Khanapur (44.0% infestation, 36.08% damage), suggesting possible variation in host plant resistance or pest feeding behavior. The critical difference (CD) at P = 0.05 was 7.40%, indicating that infestation differences greater than this threshold were statistically significant. The standard error of mean (SEm±) was 2.59%, reflecting acceptable measurement precision despite variability inherent to stem borer assessments.
Spatial categorization showed that approximately 8.3% of villages experienced high infestation (>40%), 33.3% moderate-high levels (25–40%), 41.7% low-moderate levels (15–25%), and 16.7% low infestation (<15%). The geographic clustering of high-infestation areas (e.g., Khanapur, Dasarlapalle) and low-infestation sites (e.g., Chilpur, Islampur, Gorita) indicates the influence of regional agro-ecological factors such as microclimate, soil conditions, crop management, and natural enemy activity on PSB population dynamics. These findings highlight the need for location-specific integrated pest management (IPM) strategies that account for local pest pressure and plant susceptibility patterns.
Table 4. Percentage infestation and damage level of pink stem borer infestation at vegetative stage
	Village
	No. of Infested Plants
	Total Plants Observed
	% Infestation
	Severity Factor
	% Damage

	Palem
	14.5
	50
	29.00 (29.50)ᶜᵈᵉᶠ
	0.8
	23.20

	Khanapur
	22
	50
	44.00 (41.48)ᵃ
	0.82
	36.08

	Gorita
	7
	50
	14.00 (21.61)ᶠᵍ
	0.81
	11.34

	Gummakonda
	13
	50
	26.00 (30.61)ᶜᵈᵉ
	0.84
	21.84

	Dasarlapalle
	21.6
	50
	43.20 (41.09)ᵃᵇ
	0.85
	36.72

	Pulumamidi
	7
	50
	14.00 (21.86)ᵉᶠᵍ
	0.84
	11.76

	Manchal
	18
	50
	36.00 (36.84)ᵃᵇᶜ
	0.78
	28.08

	Nomula
	12
	50
	24.00 (29.16)ᶜᵈᵉᶠ
	0.82
	19.68

	Gopalpur
	7
	50
	14.00 (21.75)ᵉᶠᵍ
	0.86
	12.04

	Kailapur
	10
	50
	20.00 (26.03)ᵈᵉᶠᵍ
	0.8
	16.00

	Chilpur
	5
	50
	10.00 (18.41)ᵍ
	0.81
	8.10

	Malkapur
	12
	50
	24.00 (29.31)ᶜᵈᵉᶠ
	0.82
	19.68

	Morrapur
	9.5
	50
	19.00 (25.83)ᵈᵉᶠᵍ
	0.84
	15.96

	Siddipet
	15
	50
	30.00 (33.05)ᵇᶜᵈ
	0.85
	25.50

	Lakudaram
	9
	50
	18.00 (24.91)ᵈᵉᶠᵍ
	0.78
	14.04

	Kukunoorpally
	13
	50
	26.00 (30.55)ᶜᵈᵉ
	0.84
	21.84

	Muthyampet
	8
	50
	16.00 (23.43)ᵉᶠᵍ
	0.82
	13.12

	Ramreddipalli
	10
	50
	20.00 (26.54)ᵈᵉᶠᵍ
	0.8
	16.00

	Annasagar
	19
	50
	38.00 (37.57)ᵃᵇᶜ
	0.81
	30.78

	Hajipur
	9
	50
	18.00 (25.09)ᵈᵉᶠᵍ
	0.84
	15.12

	Arepalle
	15
	50
	30.00 (33.18)ᵇᶜᵈ
	0.85
	25.50

	Asifnagar
	12
	50
	24.00 (29.31)ᶜᵈᵉᶠ
	0.82
	19.68

	Islampur
	6.7
	50
	13.40 (21.41)ᶠᵍ
	0.84
	11.26

	Burgupalle
	9
	50
	18.00 (25.09)ᵈᵉᶠᵍ
	0.78
	14.04

	CD(P=0.05)
	7.40

	SEm(±)
	2.59

	CV(%)
	15.76


Values mentioned in parenthesis are arc sign transformed values
Conclusion: The W-shaped transect survey provided a representative and unbiased estimation of FAW and PSB incidence in maize, capturing reliable data on percentage infestation, extent of damage, severity scores, and their spatial distribution. The results demonstrated marked variability in pest pressure across villages, primarily influenced by agro-climatic conditions and the differential management practices adopted by farmers. Such heterogeneity underscores the limitations of generalized control strategies and highlights the urgent need to develop and validate locally specific IPM approaches. These strategies must be ecologically sustainable, economically viable, technically feasible, and both commercially and socially acceptable to ensure wider community-level adoption and long-term effectiveness in managing FAW and PSB in maize ecosystems.
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