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Pest Intensity of Tomato Fruit Borer, Spodoptera litura (Fabricius), and Its Effect on Fruit Yield in Six Tomato (Solanum lycopersicum L.) Varieties Under Untreated Field Conditions 


ABSTRACT
Tomato (Solanum lycopersicum L.) is one of the most widely grown and economically important vegetable crops in India, but its yield is consistently constrained by lepidopteran fruit borers, particularly Spodoptera litura (Fabricius). A field investigation was carried out during 2016–17 to record the pest intensity of S. litura on six tomato varieties — Pusa Gaurav, Ratna, Arka Saurabh, Pant Bahar, Arka Abha and an untreated Control — left unprotected from pest attack, and to relate this intensity to fruit yield. Larval counts per plant were recorded at weekly intervals from the third week of January to the first week of April and subjected to square-root transformation before analysis. Pest intensity varied appreciably among varieties and across the observation period, with population buildup generally peaking between mid-February and early March. Arka Saurabh recorded the lowest mean pest intensity (0.37–0.39 larvae/plant) but also comparatively low yield (15.40 kg), whereas Pant Bahar combined a low pest load (0.28–0.54 larvae/plant) with the highest yield (18.95 kg), suggesting a favourable tolerance response. Ratna and Pusa Gaurav carried the heaviest pest burden and showed correspondingly greater within-season yield variability. The untreated Control recorded the lowest overall yield (13.40 kg), underscoring the yield penalty associated with unmanaged S. litura infestation. These findings indicate that varietal choice can meaningfully influence S. litura pressure and support the inclusion of Pant Bahar and Arka Saurabh in integrated pest management and future breeding programmes targeting fruit-borer tolerance.
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1. INTRODUCTION
Tomato (Solanum lycopersicum L.) ranks among the most widely cultivated and consumed vegetable crops in the world, valued for its nutritional richness and year-round market demand. India is the second-largest producer of tomato globally, yet realised yields remain well below potential largely because of insect pest pressure. Among the various pests that attack tomato, the fruit borer complex — principally Helicoverpa armigera (Hubner) and the tobacco cutworm/common cutworm Spodoptera litura (Fabricius) — causes the most severe economic damage. Spodoptera litura is a highly polyphagous, nocturnal, and destructive noctuid pest reported to feed on a very wide range of host plants across Asia and Oceania. Larvae feed gregariously on foliage in early instars before dispersing to bore into fruits in later stages, and outbreaks are sustained by the moth's strong migratory capacity, which allows populations to be periodically replenished across wide geographic areas. Although H. armigera has received greater research attention on tomato, S. litura is an increasingly important defoliator and fruit borer in the Indo-Gangetic plains, including the Kanpur region, and its intensity is known to fluctuate with variety, sowing time and prevailing weather. Screening tomato germplasm for relative susceptibility to fruit borers has repeatedly shown that varieties differ in the extent of larval preference and fruit damage they sustain, indicating that varietal tolerance can be a practical, low-cost component of integrated pest management. Despite this, published seasonal-incidence data specifically for S. litura — as opposed to the more commonly studied H. armigera — on multiple tomato varieties under untreated (unprotected) conditions remain limited for this agro-climatic region. The present study was therefore undertaken to record and compare the seasonal pest intensity of S. litura on six tomato varieties grown without any plant-protection intervention, and to examine how this intensity relates to fruit yield, with a view to identifying comparatively tolerant varieties for the Kanpur region.
Research on tomato–arthropod interactions indicates that host-plant traits can modify herbivore establishment, feeding, and natural-enemy interactions, while S. litura development and reproduction are also strongly influenced by host-plant identity (Kennedy, 2003; Xue et al., 2010). Regional movement further contributes to temporal variation in S. litura pressure, supporting the need for location-specific field monitoring rather than assuming a uniform seasonal risk (Song et al., 2024).
Variation in tomato susceptibility may arise from constitutive and induced defences, including surface trichomes, defensive metabolites, and jasmonate-associated responses that influence herbivore preference and performance (Glas et al., 2012; War et al., 2012). Experimental work has also demonstrated that induced defence in tomato can reduce S. litura feeding and growth, although such mechanisms were not measured in the present field study (Ling et al., 2022).
Seasonal-incidence studies on tomato fruit-borer complexes have likewise shown that infestation changes across crop stages and observation periods, and that varietal responses should be interpreted together with local abiotic conditions (Sapkal et al., 2018; Yadav et al., 2022). Earlier Indian work on Heliothis/Helicoverpa and related noctuid pests also established the economic relevance of host range, natural enemies, and cultivar preference in pest-management decisions (Manjunath et al., 1989; Thakur et al., 2018).
2. MATERIALS AND METHODS
2.1 EXPERIMENTAL SITE AND PERIOD
The experiment was conducted during the 2016–17 cropping season in the experimental field of the Department of Zoology, A.N.D.N.N.M. Mahavidyalaya (A.N.D. College), Kanpur, Uttar Pradesh. Observations were recorded weekly from 20 January 2017 to 7 April 2017, covering twelve standard observation dates.
2.2 PLANT MATERIAL AND EXPERIMENTAL DESIGN
Six tomato entries — Pusa Gaurav, Ratna, Arka Saurabh, Pant Bahar, Arka Abha, and an untreated Control — were raised in field plots without any insecticidal or other plant-protection measure, so that natural pest pressure could be assessed. Standard agronomic practices (nursery raising, transplanting, irrigation and fertilisation) were kept uniform across all plots to isolate varietal differences in pest response.
2.3 RECORDING OF PEST INTENSITY
The number of S. litura larvae per plant was recorded from five randomly tagged plants per plot at weekly intervals on the twelve dates listed in Table 1. Fruit yield per plot was recorded at final harvest and is expressed in kilograms.
2.4 STATISTICAL ANALYSIS
Raw larval counts were subjected to square-root (√x + 0.5) transformation to stabilise variance and normalise the distribution before analysis, following standard procedures for count data in agricultural entomology. Transformed values are shown in parentheses alongside the corresponding untransformed means in Table 1. Standard error of difference [S.E.(D)] and critical difference (CD) at the 5% level of significance were computed for each observation date to assess the significance of varietal difference.
The calculation and interpretation of S.E.(D) and critical difference followed established procedures for agricultural experiments (Gomez & Gomez, 1984).

3. RESULTS


	Table 1. Pest intensity and fruit yield of untreated tomato entries under natural Spodoptera litura infestation

	Tomato varieties
	Pest intensity of fruit borer/plant on different date
	Yield (Kg)

	
	20-01-2017
	27-01-2017
	03-02-2017
	10-02-2017
	17-02-2017
	24-02-2017
	03-03-2017
	10-03-2017
	17-03-2017
	24-03-2017
	31-03-2017
	07-04-2017
	Mean
	

	Pusa Gaurav
	0.02
	0.20
	0.67
	0.41
	0.83
	0.99
	0.38
	0.55
	0.67
	0.42
	0.51
	0.44
	0.50
	17.55

	
	(2.69)
	(2.69)
	(4.69)
	(3.67)
	(5.23)
	(5.71)
	(3.53)
	(4.25)
	(4.69)
	(3.72)
	(0.49)
	(3.80)
	(4.25)
	

	
	0.41
	0.58
	0.73
	1.38
	1.63
	1.49
	1.50
	1.08
	1.18
	0.61
	0.55
	0.48
	0.96
	

	
	(3.61)
	(4.37)
	(4.90)
	(6.80)
	(7.49)
	(7.04)
	(7.04)
	(7.04)
	(7.10)
	(4.48)
	(4.25)
	(3.97)
	(5.62)
	

	Ratna
	0.29
	0.25
	0.45
	0.18
	0.99
	1.04
	1.39
	1.48
	1.01
	0.97
	0.69
	0.61
	0.77
	17.55

	
	(3.09)
	(2.87)
	(3.85)
	(3.85)
	(5.71)
	(5.74)
	(6.55)
	(6.80)
	(6.02)
	(5.65)
	(4.76)
	(4.48)
	(5.03)
	

	
	0.27
	0.39
	1.46
	0.84
	1.26
	1.21
	1.59
	1.20
	1.08
	0.61
	0.41
	0.32
	0.32
	

	
	(2.98)
	(3.58)
	(7.04)
	(5.20)
	(6.55)
	(6.29)
	(7.27)
	(6.29)
	(6.02)
	(2.29)
	(4.05)
	(3.24)
	(5.29)
	

	Arka Saurabh
	0.02
	0.01
	0.15
	0.31
	0.48
	0.47
	0.31
	0.61
	0.63
	0.55
	0.48
	0.46
	0.37
	15.40

	
	(0.81)
	(1.81)
	(2.14)
	(3.11)
	(3.97)
	(3.93)
	(3.19)
	(4.48)
	(4.55)
	(4.25)
	(3.97)
	(3.89)
	(3.49)
	

	
	0.32
	0.42
	0.30
	0.39
	0.70
	0.41
	0.51
	0.39
	0.43
	0.32
	0.29
	0.27
	0.39
	

	
	(3.24)
	(3.72)
	(3.29)
	(3.58)
	(5.03)
	(3.61)
	(4.09)
	(3.58)
	(3.76)
	(3.24)
	(3.09)
	(2.98)
	(3.58)
	

	Pant Bahar
	0.10
	0.20
	0.41
	0.22
	0.68
	0.76
	0.67
	0.75
	0.81
	0.72
	0.64
	0.65
	0.54
	18.95

	
	(1.90)
	(2.69)
	3.72
	(2.69)
	(4.73)
	(5.00)
	(4.69)
	(4.97)
	(5.19)
	(4.87)
	(4.59)
	(4.62)
	(4.21)
	

	
	0.20
	0.31
	0.28
	0.27
	0.30
	0.29
	0.50
	0.29
	0.30
	0.32
	0.31
	0.28
	0.28
	

	
	(2.69)
	(3.19)
	(3.03)
	(2.98)
	(3.29)
	(3.09)
	(4.25)
	(3.09)
	(3.29)
	(3.34)
	(3.29)
	(3.03)
	(3.03)
	

	Arka Abha
	0.28
	0.29
	0.58
	0.34
	1.04
	1.25
	0.48
	0.06
	0.61
	0.48
	0.43
	0.44
	0.52
	16.80

	
	(3.03)
	(3.09)
	(4.37)
	(3.34)
	(6.29)
	(6.55)
	(3.97)
	(4.48)
	(4.53)
	(3.97)
	(3.76)
	(3.80)
	(4.13)
	

	
	0.39
	0.32
	0.30
	0.39
	0.28
	0.46
	0.63
	0.51
	0.40
	0.41
	0.42
	0.39
	0.40
	

	
	(3.58)
	(3.24)
	(3.29)
	(3.58)
	(3.03)
	(3.89)
	(4.55)
	(4.09)
	(3.67)
	(3.72)
	(3.72)
	(3.58)
	(3.67)
	

	Control
	0.27
	0.28
	0.55
	0.33
	1.03
	1.22
	0.48
	0.40
	0.60
	0.47
	0.42
	0.43
	0.54
	13.40

	
	(2.98)
	(3.09)
	(4.25)
	(3.29)
	(2.07)
	(1.99)
	(3.97)
	(3.80)
	(4.66)
	(3.93)
	(3.72)
	(3.76)
	(4.21)
	

	
	0.38
	0.30
	0.29
	0.37
	0.28
	0.45
	0.59
	0.48
	0.38
	0.39
	0.41
	0.39
	0.39
	

	
	(3.53)
	(3.29)
	(3.09)
	(3.49)
	(3.03)
	(3.85)
	(4.40)
	(3.97)
	(3.53)
	(3.58)
	(3.67)
	(3.58)
	(5.41)
	

	S.E. (D) I
	0.46
	0.39
	0.53
	0.80
	0.15
	0.13
	0.09
	0.06
	0.05
	0.04
	0.03
	0.04
	0.07
	

	
	0.98
	0.87
	0.26
	0.21
	0.39
	0.32
	0.19
	0.16
	0.14
	0.14
	0.12
	0.14
	0.18
	

	CD at 5%
	0.078
	0.86
	0.06
	0.06
	0.18
	0.16
	0.60
	0.09
	0.12
	0.13
	0.07
	0.05
	0.05
	

	
	0.13
	0.29
	0.13
	0.023
	0.32
	0.39
	0.17
	0.14
	0.36
	0.38
	0.17
	0.23
	0.20
	












Figure 1 provides a visual summary of the weekly larval counts and final yield values presented in Table 1.

3.1 Seasonal pest intensity
Pest intensity of S. litura varied both across tomato varieties and over the observation period (Table 1). Larval numbers were generally low in late January, rose through February, and peaked between the third week of February and the first week of March in most varieties, before declining towards late March and early April.
The observed rise and subsequent decline should be interpreted as a within-season pattern for this field and year. Published studies similarly report temporally structured noctuid activity in relation to crop development and environmental conditions, while S. litura populations can also be influenced by broader migratory movements (Song et al., 2024; Thanki et al., 2003; Yadav et al., 2022).
3.2 Varietal response and yield
Among the varieties, Ratna and Pusa Gaurav recorded the highest overall pest intensity, with mean larval counts reaching 0.77–0.96 larvae/plant across the two data series, and individual weekly counts exceeding 1.5 larvae/plant during the peak infestation period. Arka Saurabh consistently showed the lowest pest intensity (mean 0.37–0.39 larvae/plant) of all evaluated varieties. Pant Bahar and Arka Abha showed intermediate and comparatively stable pest intensity (means ranging 0.28–0.54 larvae/plant) across the season. The untreated Control recorded pest intensity similar to Arka Abha (mean 0.39–0.54 larvae/plant).
Fruit yield differed clearly among varieties. Pant Bahar recorded the highest mean yield (18.95 kg), followed by Pusa Gaurav and Ratna (17.55 kg each), Arka Abha (16.80 kg) and Arka Saurabh (15.40 kg). The untreated Control gave the lowest yield (13.40 kg) of all entries, reflecting the combined, unmitigated effect of pest attack in the complete absence of protection or resistance advantage.
These rankings indicate association rather than a direct causal relationship between larval abundance and yield, because yield potential and compensatory growth were not independently measured. Host-dependent differences in S. litura development and feeding are well documented, and tomato genotypes can differ in lepidopteran preference and damage (Thakur et al., 2018; Xue et al., 2010). Comparable tomato research also shows that early-season armyworm injury may be more closely related to yield loss than later injury, emphasizing the importance of infestation timing (Taylor & Riley, 2008).
The S.E.(D) and CD (5%) values computed for each date (Table 1) indicate that varietal differences in pest intensity were significant on most observation dates, particularly during the peak infestation weeks of February and early March, confirming that the varieties differed genuinely in their susceptibility to S. litura rather than by chance variation.
The date-specific significance tests therefore support differences among entries at individual sampling points, but they do not by themselves establish a stable resistance mechanism. Confirmation would require replicated multi-season testing together with fruit-damage measurements and relevant plant traits (Kennedy, 2003; Ling et al., 2022; War et al., 2012).
4. DISCUSSION
4.1 Seasonal incidence and ecological context
The seasonal pattern observed here, with S. litura intensity building up through February and peaking in late February–early March, is broadly consistent with reports of fruit-borer buildup on tomato coinciding with the vegetative-to-fruiting transition of the winter (Rabi) crop in the Indo-Gangetic plains, when moderating temperatures and crop canopy development favour larval survival.
The seasonal peak recorded in this trial is compatible with the general observation that noctuid abundance is shaped by crop phenology, weather, and source-population movement. However, published peak periods differ among locations and production systems, indicating that the February–March pattern should be regarded as site- and season-specific rather than universally predictive (Sapkal et al., 2018; Song et al., 2024; Thanki et al., 2003; Yadav et al., 2022).
4.2 Varietal susceptibility and possible resistance mechanisms
The clear varietal differences in pest intensity recorded in this study align with earlier screening work showing that tomato cultivars differ substantially in their susceptibility to lepidopteran fruit borers, with damage levels varying several-fold between the most and least preferred varieties even under uniform field exposure. Such differences are commonly attributed to variation in fruit and foliage morphology, trichome density and biochemical composition, which influence oviposition preference and larval establishment.
Notably, Pant Bahar combined comparatively low pest intensity with the highest yield among all varieties tested, indicating either genuine antibiosis/non-preference to S. litura or an ability to compensate physiologically for pest damage — both of which are agronomically useful traits. Arka Saurabh, despite carrying the lowest pest load, did not translate this into the highest yield, suggesting that yield in this variety may be constrained by other agronomic factors independent of fruit-borer pressure. Ratna and Pusa Gaurav, in contrast, sustained the heaviest pest burden; the wide within-season fluctuation in their larval counts is consistent with these varieties acting as relatively more attractive hosts once populations become established.
Variation among varieties may reflect a combination of antixenosis, antibiosis, and tolerance, but the present larval-count data cannot distinguish among these mechanisms. In tomato, trichome-associated chemistry and inducible defence pathways are recognized contributors to herbivore resistance, while host identity can alter S. litura survival, development, consumption, and oviposition (Glas et al., 2012; Kennedy, 2003; War et al., 2012; Xue et al., 2010). The reported response of tomato to induced jasmonate-associated defences further supports targeted mechanistic evaluation in future varietal screening (Ling et al., 2022).
4.3 Yield implications and integrated pest management
The markedly lower yield of the untreated Control relative to several named varieties reinforces that variety-based tolerance can partially offset losses that would otherwise require chemical intervention. This is of practical relevance for the Kanpur region, where S. litura has traditionally received less attention than H. armigera despite being an increasingly important co-occurring pest of tomato. Incorporating comparatively tolerant varieties such as Pant Bahar into integrated pest management programmes could reduce reliance on insecticidal control while maintaining yield.
Yield should therefore be interpreted jointly with infestation timing, plant productivity, and direct fruit damage. Economic-injury research in tomato demonstrates that armyworm effects can depend strongly on the developmental stage at which infestation occurs (Taylor & Riley, 2008), whereas varietal screening of tomato fruit borers has shown substantial differences in host preference and fruit injury among genotypes (Thakur et al., 2018).
Varietal tolerance is most appropriately treated as one component of integrated pest management rather than a stand-alone control measure. Existing studies indicate that botanical extracts can alter feeding, oviposition, development, or survival of S. litura and related noctuids (Rani & Rajasekharreddy, 2009; Rathi & Gopalakrishnan, 2006; Senrung et al., 2014; Taleh et al., 2015; Wheeler & Isman, 2001). Conservation of natural enemies is also relevant because parasitoid searching and oviposition can be modified by host-plant context (Tillman & Mullinix, 2003), while broader assessments of Heliothis/Helicoverpa in India emphasize integration of host-plant resistance, monitoring, and biological control (Manjunath et al., 1989).
4.4 Study limitations
As with any single-season field study, the present results should be interpreted with due caution regarding the influence of local weather variables (temperature, humidity and rainfall), which are known to significantly affect S. litura population dynamics but were not analysed as covariates here. Multi-season trials incorporating weather correlation and fruit-damage percentage, in addition to larval counts, would strengthen the varietal tolerance rankings suggested by this study.
Additionally, only larval abundance and final plot yield were reported; fruit-infestation percentage, marketable yield, weather covariates, and repeated-season stability were not evaluated. Seasonal-incidence studies in tomato demonstrate the value of linking pest counts with crop stage and abiotic variables, and such analyses would strengthen future interpretation of varietal performance (Sapkal et al., 2018; Yadav et al., 2022).
5. CONCLUSION
Under untreated field conditions during 2016–17, tomato varieties differed significantly in their susceptibility to Spodoptera litura. Pant Bahar showed the most favourable combination of low pest intensity and high yield, while Arka Saurabh, though least preferred by the pest, did not show a corresponding yield advantage. Ratna and Pusa Gaurav were the most heavily infested varieties. These results support the use of Pant Bahar and, secondarily, Arka Saurabh as relatively tolerant options in S. litura-prone tomato-growing tracts, and highlight the value of varietal selection as a component of integrated pest management alongside conventional control measures.
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Figure 1: Pest intensity and production of tomato on untreated plants against Spodoptera litura
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