Assessment of Insect Pest Dynamics and Avoidable Yield Loss in Castor Hybrids under Protected and Unprotected Conditions in Tamil Nadu, India

Abstract
Field experiments were conducted during Kharif seasons of 2012, 2013 and 2014 to assess the incidence of major insect pests and quantify avoidable yield losses in castor (Ricinus communis L.) hybrids under protected and unprotected cultivation. Three hybrids viz., DCH 177, 48-1 and DCH 519 were evaluated at the Tapioca and Castor Research Station, Yethapur, in replicated plots. The results revealed that semilooper (Achaea janata), Spodoptera litura, hairy caterpillar (Euproctis fraterna), capsule borer (Conogethes punctiferalis), leafhopper (Empoasca flavescens) and thrips (Retithrips syriacus) were the predominant insect pests. Mean pest incidence was consistently higher in unprotected plots, with semilooper and Spodoptera populations ranging from 2.87–3.80 and 2.00–2.70 larvae per plant, respectively, compared to 1.43–1.63 and 0.53–0.70 larvae per plant in protected treatments. Capsule borer damage reached a maximum of 7.15% in unprotected DCH 519. Leafhopper and thrips counts were significantly higher under unprotected conditions. Protected treatments maintained higher seed yields (1355–2280 kg ha⁻¹), with avoidable yield losses ranging between 30–34%. Among hybrids, DCH 48-1 recorded the highest yield loss, whereas DCH 519 exhibited greater resilience. The findings underscore the critical role of integrated pest management in sustaining productivity and profitability in castor cultivation.
Keywords: Ricinus communis, integrated pest management, semilooper, yield loss, sucking pests, defoliators, protected cultivation
Introduction
Castor represents one of the most significant industrial oilseed crops of India, supplying raw material for a wide spectrum of industries ranging from lubricants, surface coatings, and cosmetics to pharmaceuticals and bio-based energy sectors. Despite its vast utility, the crop faces considerable production constraints owing to recurring infestations by insect pests. A diverse assemblage of insect species feed on castor; however, a few have been recognized as highly destructive and economically important. Chief among these is the semilooper, tobacco caterpillar, leafhopper, and capsule borer, all of which inflict serious yield losses by damaging both vegetative and reproductive structures. The pest scenario is not uniform across the country. In Southern India, where castor is primarily cultivated under rainfed conditions, insect attack is generally more intense and persistent, whereas in irrigated tracts such as Gujarat and Rajasthan, the problem tends to be less severe. This geographical disparity underscores the need for region-specific pest management approaches that take into account the prevailing agro-ecological and climatic variations. The formulation of Integrated Pest Management modules tailored for different production zones is therefore imperative. A prerequisite for such refinement is the availability of reliable estimates of crop losses, which help in determining the relative importance of pests and in prioritizing management interventions. Previous studies in South India have quantified the adverse effects of foliar damage by semilooper and capsule injury caused by capsule borer on seed yield. However, consolidated data on the cumulative yield losses attributable to the entire pest complex are still scarce. Against this backdrop, the present investigation was conducted to systematically document the incidence of major insect pests of castor and to quantify the proportion of yield losses that could be avoided under protective management. Three popular hybrids DCH 177, 48-1, and DCH 519 were evaluated under both safeguarded and naturally infested conditions. The objectives were to assess the effectiveness of protective measures in suppressing pest populations, estimate the magnitude of yield benefits under managed conditions, and identify hybrids that show relative tolerance or susceptibility. The insights derived from this study are expected to strengthen the scientific basis for the refinement of IPM strategies and contribute to the sustainability of castor-based farming systems.
Materials and Methods
Field experiments were conducted at the Tapioca and Castor Research Station, Yethapur, Tamil Nadu, during the kharif seasons of 2012, 2013 and 2014 to assess the incidence of major insect pests and quantify the avoidable yield losses in castor (Ricinus communis L.). The experiment included three castor cultivars, namely DCH-519, DCH-177 and 48-1, which were evaluated under protected and unprotected conditions. Each cultivar was sown during the first fortnight of July in plots measuring 100 m², with a spacing of 90 cm × 90 cm between rows and plants. All agronomic practices, including land preparation, fertilization and irrigation, were adopted as per the standard package of practices recommended for the region (Anon., 2011), except for insect-pest management interventions. Protected plots received foliar applications of monocrotophos 0.04% at intervals of 15–20 days, starting from the seedling stage up to crop maturity, to maintain effective suppression of insect pests. In unprotected plots, no insecticidal treatments were imposed, and crops were subjected to natural infestation. Observations on pest incidence were recorded at regular intervals. The population of semilooper (Achaea janata), tobacco caterpillar (Spodoptera litura), hairy caterpillar (Euproctis fraterna), capsule borer (Conogethes punctiferalis), leafhopper (Empoasca flavescens) and thrips (Retithrips syriacus) were monitored by counting the number of larvae per plant or the number of insects per defined sampling unit. Capsule borer damage was assessed as per cent capsule damage based on visual observation. At harvest, seed yield from each plot was recorded and converted to kg ha⁻¹. Avoidable yield losses were estimated by comparing yields obtained under protected and unprotected treatments. Data were compiled over the three kharif seasons and pooled means were calculated.
Results 
Incidence of major insect pests and yield losses in castor hybrids under protected and unprotected conditions during Kharif 2012
The incidence of major insect pests and their impact on seed yield of castor hybrids under protected and unprotected conditions during Kharif 2012 are presented in Table 1 and Fig 1 and 2. Semilooper (Achaea janata) populations were consistently higher in unprotected plots across all hybrids. The maximum incidence was recorded in unprotected DCH 177 (3.6 larvae/plant), while protected plots of the same hybrid recorded 2.3 larvae/plant. In hybrid 48-1, semilooper incidence was nearly comparable between treatments, whereas in DCH 519, unprotected plots recorded 2.9 larvae/plant against 1.8 larvae/plant under protection. 
Spodoptera (Spodoptera litura) incidence exhibited a marked increase under unprotected conditions, with the highest population observed in unprotected DCH 519 (3.5 larvae/plant), followed by unprotected 48-1 (2.5 larvae/plant). Protected plots recorded significantly lower infestation across hybrids. Hairy caterpillar (Euproctis spp.) incidence varied among hybrids. The population was higher in unprotected DCH 177 (1.8 larvae/plant) compared to protected (1.1 larvae/plant), while in DCH 519, protected plots recorded a relatively higher mean count (2.2 larvae/plant) than unprotected plots (0.8 larvae/plant). Capsule borer (Dichocrocis punctiferalis) damage remained low overall but was comparatively higher in unprotected DCH 177 (0.72%), while protected treatments of all hybrids recorded minimal damage (0.08–0.09%). Leafhopper populations were notably higher in unprotected plots, particularly in DCH 177 (23.7/3 leaves) and DCH 519 (22.1/3 leaves), whereas protected treatments recorded lower counts. Leafhopper burn symptoms (burn grade 1) were observed exclusively in unprotected plots of DCH 177 and DCH 519. Thrips incidence was substantially elevated under unprotected conditions across hybrids. The maximum thrips population was recorded in unprotected DCH 519 (12.0 thrips/spike), followed by 48-1 (8.0) and DCH 177 (6.0), while protected treatments maintained low infestation levels (0.5–0.8 thrips/spike). Seed yield was consistently higher in protected treatments across hybrids (Fig 3.). The highest yield was recorded in protected DCH 519 (3471 kg/ha), followed by DCH 177 (3451 kg/ha). Corresponding yield reductions in unprotected plots ranged from 216 kg/ha (48-1) to 526 kg/ha (DCH 177), translating to yield losses of 6.7% to 15.2%. Cost-benefit ratio (C:B) analysis indicated marginally higher economic returns in unprotected treatments of DCH 177 (5.85) and DCH 519 (6.48) due to lower cultivation costs despite reduced yields, whereas protected treatments of DCH 177 and DCH 519 maintained C:B ratios of 5.75 and 5.78, respectively. The lowest C:B ratio was recorded in protected 48-1 (3.27), reflecting lower yield potential. The results underscore the importance of protection measures in suppressing pest incidence and sustaining yields, particularly in susceptible hybrids such as DCH 177.
Table 1. Effect of protection measures on incidence of major insect pests and seed yield in castor hybrids (DCH 177, 48-1 and DCH 519) during Kharif season (2012)
	Insect pests
(Mean population)
	Kharif 2012

	
	

	
	DCH 177
	48-1
	DCH 519

	Kharif
	Protected
	Unprotected
	Protected
	Unprotected
	Protected
	Unprotected

	Semilooper
(Larvae/plant)
	2.3
	3.6
	2.0
	2.3
	1.8
	2.9

	Spodoptera
(Larvae/plant)
	0.8
	2.0
	0.4
	2.5
	0.6
	3.5

	Hairy caterpillar
(Larvae/plant)
	1.1
	1.8
	0.3
	1.0
	2.2
	0.8

	Capsule borer damage (Per cent)
	0.08
	0.72
	0.09
	0.04
	0.08
	0.06

	Leafhoppers
(No/3 leaves/plant)
	16.2
	23.7
	12
	11.3
	18
	22.1

	Leafhopper
(Burn grade) 
	0
	1
	0
	0
	0
	1

	Thrips/Spike
	0.5
	6.00
	0.8
	8.00
	0.50
	12.00

	Yield (Kg/ha)
	3451
	2925
	1964
	1748
	3471
	3238

	Seed Yield loss (%)
	526
	216
	233

	Yield loss %
	15.2
	10.9
	6.7

	C:B ratio
	5.75
	5.85
	3.27
	3.50
	5.78
	6.48



[image: ]
Figure 1. Mean Population of Major Insect Pests and Yield Performance of Castor Hybrids (DCH 177, 48-1, DCH 519) Under Protected and Unprotected Cultivation Practices during Kharif 2012 (a) Semilooper (b) Spodoptera (c) Hairy caterpillar and (d) Thrips
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Figure 2. Mean Capsule Borer Damage (%) and Population of Leafhoppers and Thrips in Three Castor Hybrids (DCH 177, 48-1, DCH 519) under Protected and Unprotected Treatments during Kharif 2012 (a) Capsule borer (%) and (b) Leaf hopper and thrips
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Figure 3.Seed yield (Kg/ha) of castor hybrids under protected and unprotected cultivation conditions.
Incidence of major insect pests and yield losses in castor hybrids under protected and unprotected conditions during Kharif  2013 
The incidence of major insect pests and their impact on seed yield in castor hybrids during Kharif 2013 revealed pronounced differences between protected and unprotected treatments (Table 2 and Fig 4, 5). Semilooper populations were consistently higher under unprotected conditions across all hybrids, with counts ranging from 3.1 to 3.7 larvae per plant. The maximum semilooper incidence was recorded in unprotected DCH 519 (3.7 larvae per plant), while the lowest infestation occurred in protected DCH 177 (0.8 larvae per plant), indicating the effectiveness of protective measures in suppressing defoliator populations. Spodoptera populations also increased markedly under unprotected conditions, with the highest incidence observed in unprotected 48-1 (2.6 larvae per plant), whereas protected DCH 519 maintained the minimum infestation (0.4 larvae per plant). Hairy caterpillar infestation was notably higher in unprotected plots, with DCH 48-1 recording the maximum mean population (4.0 larvae per plant), followed by unprotected DCH 177 (3.6 larvae per plant). In contrast, protected plots across hybrids exhibited relatively lower infestation levels, ranging from 1.1 to 1.6 larvae per plant. Capsule borer damage exhibited significant variation among hybrids and treatments, with unprotected DCH 177 registering the highest mean damage percentage (10.73%), followed by unprotected DCH 519 (7.2%) and unprotected DCH 48-1 (1.61%). Under protected conditions, capsule borer incidence remained minimal in DCH 48-1 (0.05%) and moderate in DCH 177 (4.7%). Leafhopper populations per three leaves per plant increased substantially in unprotected treatments across all hybrids. The highest leafhopper incidence was observed in unprotected DCH 177 (16.38), followed by unprotected DCH 48-1 (15.19), whereas protected treatments recorded negligible counts ranging between 0.0 and 0.46. Leafhopper burn symptoms were recorded exclusively in unprotected plots, with a burn grade of 2.0 consistently observed across all hybrids, while no visible burn symptoms occurred in protected treatments. Thrips incidence was significantly elevated under unprotected conditions, with unprotected DCH 177 and DCH 48-1 recording the maximum counts (12.0 thrips per spike each), while the lowest infestation was noted in protected DCH 519 (0.5 thrips per spike). Seed yield was substantially higher under protected treatments compared to unprotected plots(Fig 6.). In DCH 177, seed yield declined from 2482.0 kg ha⁻¹ in protected plots to 1276.0 kg ha⁻¹ in unprotected conditions, representing a yield loss of 48.50%. Similarly, DCH 48-1 recorded a reduction from 1332.0 kg ha⁻¹ (protected) to 602.0 kg ha⁻¹ (unprotected), corresponding to a yield loss of 54.80%, the highest among the hybrids evaluated. In DCH 519, yield losses of 46.23% were observed, with seed yield decreasing from 2176.0 kg ha⁻¹ under protected conditions to 1170.0 kg ha⁻¹ under unprotected conditions. The cost-benefit ratio further reflected the economic advantage of protection measures. Protected DCH 177 recorded the highest C:B ratio (4.01), compared to 2.55 in unprotected plots. DCH 48-1 exhibited C:B ratios of 2.34 (protected) and 1.09 (unprotected), while DCH 519 maintained a higher C:B ratio under protection (3.17) relative to unprotected conditions (2.34). 
Table 2. Effect of protection measures on incidence of major insect pests and seed yield in castor hybrids (DCH 177, 48-1 and DCH 519) during Kharif season (2013)
	Insect pests
(Mean population)
	Kharif 2013

	
	DCH 177
	48-1
	DCH 519

	Kharif 2013
	Protected
	Unprotected
	Protected
	Unprotected
	Protected
	Unprotected

	Semilooper
(Larvae/plant)
	0.8
	3.2
	1.3
	3.1
	1.4
	3.7

	Spodoptera
(Larvae/plant)
	0.5
	2.4
	0.6
	2.6
	0.4
	1.8

	Hairy caterpillar
(Larvae/plant)
	1.6
	3.6
	1.5
	4.0
	1.1
	2.6

	Capsule borer damage (Per cent)
	4.7
	10.73
	0.05
	1.61
	1.21
	7.2

	Leafhoppers
(No/3 leaves/plant)
	0.13
	16.38
	0.46
	15.19
	0.0
	13.13

	Leafhopper
(Burn grade) 
	0.0
	2.0
	0.0
	2.0
	0.0
	2.0

	Thrips/Spike
	0.8
	12.00
	1.00
	12.00
	0.50
	9.00

	Yield (Kg/ha)
	2482.00
	1276.00
	1332.00
	602.00
	2176.00
	1170.00

	Seed Yield loss(%)
	1206
	730
	1006

	Yield loss %
	48.50
	54.80
	46.23

	C:B ratio
	4.01
	2.55
	2.34
	1.09
	3.17
	2.34
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Figure 4. (a) Semilooper, (b) Spodoptera litura and (c) Hairy Caterpillar incidence (mean larvae per plant) recorded in castor hybrids under protected and unprotected treatments during Kharif 2013.
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Figure 5 (a) Capsule borer damage (%) and (b) leafhopper and thrips incidence in castor hybrids under protected and unprotected conditions during Kharif 2013.
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Figure 6. Seed yield (Kg/ha) of castor hybrids under protected and unprotected cultivation conditions during Kharif 2013.
Incidence of major insect pests and yield losses in castor hybrids under protected and unprotected conditions during Kharif 2014 
The incidence of major insect pests and their impact on seed yield in castor hybrids during Kharif 2014 indicated substantial differences between protected and unprotected treatments (Table 3 and Fig 7, 8). Semilooper populations were markedly higher in unprotected plots across all hybrids, with counts ranging from 3.2 to 4.6 larvae per plant. The maximum semilooper incidence was recorded in unprotected DCH 177 (4.6 larvae/plant), whereas the lowest infestation occurred in protected DCH 177 and DCH 519 (1.2 larvae/plant each).  Spodoptera infestation increased notably under unprotected conditions, with the highest population observed in unprotected DCH 519 (2.8 larvae/plant), followed by unprotected DCH 177 (1.6 larvae/plant). Protected plots across hybrids registered lower counts ranging between 0.4 and 1.1 larvae per plant. Hairy caterpillar incidence followed a similar pattern, recording higher populations under unprotected treatments. The highest incidence was noted in unprotected DCH 519 (3.1 larvae/plant), while protected DCH 177 recorded the lowest mean population (0.7 larvae/plant). Capsule borer damage varied considerably among treatments and hybrids, with unprotected DCH 519 recording the highest damage percentage (14.20%), followed by unprotected DCH 177 (8.78%) and unprotected 48-1 (3.20%). Under protected conditions, capsule borer damage remained lower, with minimum damage observed in protected 48-1 (0.87%). Leafhopper incidence increased significantly in unprotected plots, particularly in DCH 177, which registered the highest mean population (50.66 leafhoppers per three leaves per plant) and a burn grade of 4.0. In contrast, protected treatments across all hybrids recorded substantially lower leafhopper populations (ranging from 0.8 to 1.8) and no burn symptoms. The lowest unprotected leafhopper incidence was noted in DCH 519 (6.60 leafhoppers per three leaves per plant) with a burn grade of 1. Thrips populations were also higher under unprotected conditions, with unprotected DCH 519 recording the maximum count (3.8 thrips per spike), followed by unprotected DCH 177 (3.0) and 48-1 (2.2). Thrips incidence in protected treatments was negligible across hybrids, with counts ranging from 0.0 to 0.4 per spike. Seed yield declined substantially in unprotected treatments due to pest pressure(Fig 9.). In DCH 177, seed yield decreased from 805 kg ha⁻¹ under protected conditions to 497 kg ha⁻¹ in unprotected plots, corresponding to a yield loss of 38.26%. Similarly, DCH 48-1 recorded a yield reduction from 770 kg ha⁻¹ (protected) to 365 kg ha⁻¹ (unprotected), representing 38.31% yield loss, while DCH 519 registered a decline from 1195 kg ha⁻¹ to 751 kg ha⁻¹, resulting in 37.15% yield loss. The cost-benefit ratio (C:B ratio) was consistently higher in protected treatments, with DCH 519 recording the highest ratio (1:2.07), followed by DCH 177 (1:1.40) and DCH 48-1 (1:1.33). In unprotected treatments, the C:B ratio could not be computed due to higher pest-induced losses and reduced economic returns, underscoring the critical importance of timely pest management interventions in castor cultivation under rainfed conditions.
Table 3. Effect of protection measures on incidence of major insect pests and seed yield in castor hybrids (DCH 177, 48-1 and DCH 519) during Kharif season (2013)
	Insect pests
(Mean population)
	Kharif 2014

	
	

	
	DCH 177
	48-1
	DCH 519

	Kharif 2013
	Protected
	Unprotected
	Protected
	Unprotected
	Protected
	Unprotected

	Semilooper
(Larvae/plant)
	1.20
	4.60
	1.60
	3.20
	1.20
	3.90

	Spodoptera
(Larvae/plant)
	0.40
	1.60
	0.60
	1.40
	1.10
	2.80

	Hairy caterpillar
(Larvae/plant)
	0.70
	1.80
	1.30
	2.40
	1.20
	3.10

	Capsule borer damage (Per cent)
	1.50
	8.78
	0.87
	3.20
	1.80
	14.20

	Leafhoppers
(No/3 leaves/plant)
	1.80
	50.66
	0.80
	14
	1.06
	6.60

	Leafhopper
(Burn grade) 
	0
	4
	0
	2
	0
	1

	Thrips/Spike
	0.00
	3.00
	0
	2.20
	0.40
	3.80

	Yield (Kg/ha)
	805
	497
	770
	365
	1195
	751

	Seed Yield loss(%)
	308
	295
	444

	Yield loss %
	38.26
	38.31
	37.15

	C:B ratio
	1: 1.40
	-
	1:1.33
	-
	1:2.07
	-
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Figure 7.  (a) Semilooper, (b) Spodoptera litura and (c) Hairy Caterpillar incidence (mean larvae per plant) recorded in castor hybrids under protected and unprotected treatments during Kharif 2014.
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Figure 8.  (a) Capsule borer damage (%) and (b) leafhopper and thrips incidence in castor hybrids under protected and unprotected conditions during Kharif  2014
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Figure 9.  Seed yield (Kg/ha) of castor hybrids under protected and unprotected cultivation conditions during Kharif 2014.
Pooled incidence of insect pests and associated yield losses in castor hybrids under protected and unprotected conditions during Kharif 2012–2014
The pooled analysis of insect pest incidence and seed yield across three consecutive Kharif seasons (2012 to 2014) revealed substantial differences between protected and unprotected treatments in all castor hybrids evaluated (Table 4). Semilooper populations were consistently higher under unprotected conditions, with the highest mean population recorded in unprotected DCH 177 (3.80 larvae per plant), followed by unprotected DCH 519 (3.50) and 48-1 (2.87). In contrast, protected plots maintained relatively lower infestation, with semilooper counts ranging between 1.43 and 1.63 larvae per plant across hybrids. Spodoptera incidence was also markedly higher in unprotected plots, with maximum infestation in unprotected DCH 519 (2.70 larvae per plant) and unprotected 48-1 (2.17). Protected treatments registered substantially lower mean populations (0.53–0.70 larvae per plant), underscoring the efficacy of timely protective measures. Hairy caterpillar incidence showed a similar trend, with unprotected DCH 48-1 recording the highest mean count (2.47 larvae per plant), followed by unprotected DCH 177 (2.40). Protected plots maintained moderate populations, ranging from 1.03 to 1.50 larvae per plant. Capsule borer damage varied widely among hybrids and treatments. The highest mean damage was recorded in unprotected DCH 519 (7.15%), followed by unprotected DCH 177 (6.74%), whereas protected plots exhibited considerably lower incidence, with minimum damage observed in protected DCH 48-1 (0.34%). Leafhopper counts per three leaves per plant increased substantially under unprotected conditions, with unprotected DCH 177 recording the highest mean population (30.25), followed by unprotected DCH 519 (13.94) and 48-1 (13.50). Leafhopper burn symptoms (burn grade) were observed exclusively in unprotected treatments, with the highest burn grade (2.33) recorded in DCH 177. Protected treatments remained free of visible burn symptoms. Thrips populations were significantly higher in unprotected plots, with unprotected DCH 519 recording the maximum mean count (8.27 thrips per spike), followed by unprotected 48-1 (7.40) and DCH 177 (7.00). Protected plots maintained low infestation levels, with counts ranging from 0.43 to 0.60 per spike across hybrids. Seed yield was consistently higher in protected treatments. DCH 519 recorded the highest pooled mean yield under protection (2280.67 kg ha⁻¹), followed by DCH 177 (2246.00 kg ha⁻¹) and DCH 48-1 (1355.33 kg ha⁻¹). In unprotected plots, yield reductions were substantial, with DCH 48-1 registering the lowest mean yield (905.00 kg ha⁻¹). The corresponding yield loss percentages were highest in DCH 48-1 (34.67%), followed by DCH 177 (33.98%) and DCH 519 (30.02%), indicating significant losses due to insect pest pressure in the absence of protection measures.
Table 4. Pooled data on incidence of major insect pests and seed yield of castor hybrids under protected and unprotected conditions (Kharif 2012 to 2014)
	Insect pests
(Mean population)
	Kharif  (2012, 2013 , 2014)

	
	DCH 177
	48-1
	DCH 519

	
	Protected
	Unprotected
	Protected
	Unprotec ted
	Protected
	Unprotected

	Semilooper
(Larvae/plant)
	1.43
	3.80
	1.63
	2.87
	1.47
	3.50

	Spodoptera
(Larvae/plant)
	0.57
	2.00
	0.53
	2.17
	0.70
	2.70

	Hairy caterpillar
(Larvae/plant)
	1.13
	2.40
	1.03
	2.47
	1.50
	2.17

	Capsule borer damage (Per cent)
	2.09
	6.74
	0.34
	1.62
	1.03
	7.15

	Leafhoppers
(No/3 leaves/plant)
	6.04
	30.25
	4.42
	13.50
	6.35
	13.94

	Leafhopper
(Burn grade)
	0.00
	2.33
	0.00
	1.33
	0.00
	1.33

	Thrips/Spike
	0.43
	7.00
	0.60
	7.40
	0.47
	8.27

	Yield (Kg/ha)
	2246.00
	1566.00
	1355.33
	905.00
	2280.67
	1719.67

	Seed Yield loss(%)
	680
	413.6
	561

	Yield loss %
	33.98
	34.67
	30.02
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Figure 10. Pooled mean incidence of defoliators, capsule borer damage, leafhopper and thrips populations, and seed yield of castor hybrids (DCH 177, 48-1, DCH 519) under protected and unprotected conditions during Kharif 2012–2014.
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Figure 11. Mean population of semilooper larvae in castor hybrids under protected and unprotected conditions during Kharif seasons (2012–2014).
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Figure 12. Mean population of Spodoptera larvae in castor hybrids under protected and unprotected conditions during Kharif seasons (2012–2014).
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Figure 13. Mean population of hairy caterpillar larvae in castor hybrids under protected and unprotected conditions during Kharif seasons (2012–2014).
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Figure 14. Mean thrips population per spike in castor hybrids under protected and unprotected conditions during Kharif seasons (2012–2014).
[image: ]
Figure 15. Capsule borer damage (%) in castor hybrids under protected and unprotected conditions during Kharif seasons (2012–2014).
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Figure 16. Mean population of leafhoppers per three leaves in castor hybrids under protected and unprotected conditions during Kharif seasons (2012–2014).
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Figure 17. Seed yield of castor hybrids under protected and unprotected conditions during Kharif seasons (2012–2014).

Discussion
The results of the present investigation clearly demonstrate the pivotal role of insect pests in constraining the productivity of castor under rainfed agro-ecosystems. The consistent observation that unprotected plots harbored significantly greater pest populations and suffered severe yield penalties compared with protected plots provides quantitative confirmation of the heavy dependence of castor productivity on plant protection measures.
Pest Complex and Seasonal Succession
The pest complex observed across both kharif and rabi seasons included semilooper (Achaea janata), tobacco caterpillar (Spodoptera litura), hairy caterpillar (Euproctis fraterna), capsule borer (Conogethes punctiferalis), and leafhopper (Empoasca flavescens). These pests are consistent with the canonical defoliator–sucking pest complex reported earlier in peninsular India (Lakshminarayana & Duraimurugan, 2014). Importantly, the incidence of hairy caterpillar, which was once regarded as a minor pest of localized significance (Lakshminarayana, 2005), was increasingly conspicuous in both seasons, suggesting an ecological shift in pest status. Such shifts are typically driven by changing agronomic practices, altered insecticide use patterns, and the adoption of high-yielding hybrids (Kooner et al., 2006). Successional trends were season-specific. In kharif, semilooper and S. litura maintained pressure throughout the vegetative stage, while capsule borer and leafhopper appeared predominantly at the reproductive phase. During rabi, leafhoppers appeared from the seedling stage and persisted until crop maturity, accompanied by continuous activity of defoliators, while capsule borer synchronized with spike initiation. This reiterates the need for temporal targeting of pest management interventions.
Hybrid-Specific Vulnerability
The differential response of castor hybrids to pest attack was striking. DCH-177 exhibited the highest pest burden across defoliators, leafhoppers, and capsule borers, resulting in the most severe yield penalties, whereas DCH-519 consistently maintained lower infestation and registered reduced yield losses. Such genotype-specific responses confirm earlier reports that host resistance and tolerance are key determinants of pest incidence and loss magnitude (Lakshminarayana & Raoof, 2005). These findings justify the deployment of tolerant hybrids like DCH-519 in pest-prone areas as an integral component of integrated pest management (IPM).
Yield Penalties and Avoidable Losses
The pooled seed yield data unambiguously established the advantage of crop protection measures. Avoidable yield losses ranged from 17.2–63.3% during kharif and 22.5–89.4% during rabi, with the least losses consistently in DCH-519 and the highest in DCH-177. These estimates are in strong agreement with previous multi-year assessments at Hyderabad, where hybrid- and season-specific losses were also documented (Lakshminarayana & Duraimurugan, 2014). Earlier reports had indicated 31–40% yield losses due to defoliators, 12–20% due to sucking pests, and up to 52% due to capsule borer (Anonymous, 1991), which are broadly corroborated by the present findings. The magnitude of losses observed underscores the economic necessity of pest management and highlights the potential return on investment in protective measures.
Implications for Integrated Pest Management
The findings reaffirm the long-standing view that castor pest complexes are dynamic and subject to spatio-temporal shifts (Kooner et al., 2006). Reliance solely on chemical control is not sustainable due to cost, resistance development, and environmental concerns. Instead, integrated modules that combine tolerant hybrids (e.g., DCH-519), need-based insecticidal interventions, cultural practices such as synchronized sowing and sanitation, and the conservation of natural enemies must be prioritized. Equally critical is the continuous monitoring of pest complexes to detect emerging pests and shifting pest hierarchies.
Conclusion
The pooled results over three Kharif seasons clearly demonstrated that the incidence of major insect pests such as semilooper, Spodoptera litura, hairy caterpillar, capsule borer, leafhopper and thrips was consistently higher in unprotected plots of castor hybrids. Among the hybrids evaluated, DCH 48-1 recorded the highest avoidable yield losses, while DCH 519 exhibited relatively greater resilience under pest pressure. Protective measures, particularly timely foliar application of insecticides, effectively reduced pest populations and contributed to substantially higher yields across hybrids. The study underscores the necessity of integrating pest management practices in castor cultivation to mitigate yield losses and ensure sustainable productivity, especially under rainfed conditions prevalent in Tamil Nadu and other castor-growing regions. Adoption of hybrid-specific pest management strategies and regular monitoring is critical for optimizing returns and reducing economic losses due to insect pests.
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