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Determination of Larval Instars of Rice Moth, Corcyra cephalonica (Stainton), Using Morphometric Parameters
Abstract: Rice moth Corcyra cephalonica is a major pest of stored products, causing damage through feeding and silken webbing. Its effective management depends on understanding life history traits, especially accurate larval instar determination. Therefore, the objective of this study was to determine the larval instar of C. Cephalonia using larval morphometric parameters on sesame genotypes. The results showed that the first to five larval instars head capsule width, body length and body width of C. cephalonica exhibited significant differences on both sesame genotypes. The mean growth ratio of larval HCW on Swetha and GT 10 were 1.67 and 1.54, respectively; and all conformed to Dyar’s rule. Whereas body length and body width of C. cephalonica larvae did not exhibit the geometric progression predicted by Przibram and Megusar’s growth law. Further, there was a linear and significant correlation (Swetha = 0.93 and GT 10 = 0.95) between the stages of larval development and head capsule width. The shortest (42.40 days) and longest (63.60 days) developmental periods were recorded on Swetha and GT 10.
Key words: Corcyra cephalonica, Head Capsule width, Sesamum genotypes, Dyar’s rule, Linear regression analysis.
Introduction: Rice moth C. cephalonica (Stainton) is a serious pest of several important stored food commodities, including rice, wheat, maize, sorghum, groundnut, cotton seeds, coffee, spices, and cocoa beans, particularly in tropical regions (Allotey and Azalekor, 2000). The larvae of C. cephalonica causes considerable damage to stored products during feeding by producing silken threads, which result in dense and tough webbing that further aggravates the damage (Ayyar, 1934). In addition to its economic significance as a pest, C. cephalonica is also widely used as a factitious host in the mass production of egg parasitoids, in particular Trichogramma species, which is an important component of biological control programs (Smith, 1996). Thus, it is important to know its growth and development stages in order to be used in both pest management and biological control.
Insects go through a larval stage which consists of instar stages separated by molting events. Proper identification of these instar stages is essential in the study of insect biology, population dynamics, and pest control measures at specific stages. In stored grain pests, accurate determination of the number of larval instars is particularly important for understanding life history parameters and designing rational control measures.
However, in lepidopteran larvae, the differentiation of instar stages based on body size (body length and width) alone or external morphology is not always reliable, because of overlapping characteristics and continuous growth patterns. To overcome this drawback, morphometric analysis especially, measurement of head capsule width has been actively used. The head capsule is a hard, sclerotized structure that does not enlarge in an instar and thus is a reliable parameter to differentiate larval stages. 
Several mathematical models have been developed to identify larval instars, among which, Dyar’s rule is one of the most widely recognized approaches. (Cazado et al., 2014). According to this rule, the head capsule (HC) width of insect larvae increases in geometric progression across successive instars. Therefore, variation in HC width can be reliably used to determine larval instars (Daly, 1985; Dyar, 1890). Numerous studies have reported the applicability and accuracy of this method in different lepidopteran species (Sandanayake and Edirisinghe, 1992; Calvo and Molina, 2008; Ramasubramanian et al., 2020; Odeyemi et al., 2021; Vishwakarma et al., 2023).
In C. cephalonica, the number of larval instars typically ranges from five to seven, depending on environmental factors such as temperature, humidity, and food quality (Allotey and Goswami, 1990). Precise determination of instars using head capsule measurements is essential for understanding its developmental biology, optimizing laboratory rearing techniques, and conducting experiments related to host resistance and pest management.
Based on our previous studies (Sundar et al., 2023), Swetha and GT-10 were identified as the most suitable and least suitable sesame genotypes, respectively, for the growth and development of Corcyra cephalonica. Therefore, these contrasting genotypes were selected for the present morphometric study to assess their influence on larval growth patterns and conformity to Dyar’s rule and Przibram’s growth law.
Materials and Methods: 
Stock culture of C. cephalonica
The rearing plastic basin used for buildup stock culture and the requisite quantum of sesame genotypes (2.5 Kgs) could be collected from Indian Institute of Oilseeds Research, Hyderabad. The seeds were heat sterilized in an oven at 100 °C for 30 minutes and sprayed with 0.1% formalin to arrest the growth of moulds as well as to increase the seed moisture to the optimum (15-16%), which was lost due to heat sterilization. Groundnut powder (100 grams), yeast (5 grams), sulphur (1 gram), and streptomycin sulphate (1 gram) were added to all the containers as additives. 0.25 g eggs of C cephalonica were sprinkled in each plastic basin (one g of eggs is known to contain approximately 16000-18000 eggs). The plastic basins were then lined with clean khada cloth and fasten tightly with rubber band (Allotey and Azalekor, 2000). 

Morphometric parameters of C. cephalonica on sesame genotypes.
A Morphometric study of C. cephalonica was conducted under laboratory conditions on sesame genotypes during June 2019 - August 2019, when the laboratory temperature and relative humidity were in the range of 250C to 300C and 60 to 70 percent, respectively. Five-gram cleaned sesame seeds of both genotypes were placed in nine plastic boxes. Later freshly hatched first instar larva ten per plastic container was introduced by using camel hairbrush. The open end of the box was closed with a muslin cloth and fastened with a rubber band.

The head capsules of larvae were collected from each petri plate immediately after molting. All observations and measurements were conducted under a stereo microscope. The head capsule width, body length, body width and developmental duration of C. cephalonica were compared using Student’s t-test. 
The applicability of Dyar’s law (1890) was tested for all larval instars by analyzing the relationship between successive instars based on the mean head capsule width of the larvae. The observations on the larval body length and width were tested for the applicability of Prazibran and Megusar's (1912) rule and the regression lines were obtained. Further, the following parameters were calculated as suggested by Vishwakarma (2023).
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Result and Discussion:

Applicability of Dyar’s law on head capsule width of C. cephalonica: 

The present study revealed that C. cephalonica exhibited five larval instars on both sesame genotypes (Swetha and GT-10). A distinct difference was observed in the head capsule width (HCW) between the two genotypes. The lowest HCW values for the first to fifth instars were recorded on GT-10 (0.15±0.02, 0.17±0.01, 0.23±0.01, 0.30±0.02 and 0.43±0.01 mm, respectively), whereas the highest values were observed on Swetha (0.22±0.45, 0.26±0.04, 0.37±0.02, 0.54±0.09 and 0.72±0.03 mm, respectively). Furthermore, the mean growth ratio was lowest on GT-10 (1.54) and highest on Swetha (1.67) (Table 1). These values indicate that growth progressed at a nearly constant rate during each molt, closely aligning with the constant Dyar’s ratio of 1.4 reported for lepidopteran insects (Odebiyi, 1980). Linear regression analysis showed a significant relationship between larval instars and HCW for both sesame genotypes (Figure 2). This variation in larval morphometric parameters with host suitability has been reported in other stored-product insects and in other lepidopterans (McClellan and Logan, 1994; Logan et al., 1998; Delbac et al., 2010; Padmakumari et al., 2013; Li et al., 2020). High HCW values are generally correlated with high nutrient utilization and good feeding condition, and low HCW values may be due to nutrient deficiency, poor digestibility, or antibiosis effects of the host substrate. Moreover, the developmental duration of different life stages was significantly prolonged on GT-10 (egg 3.66±0.81; larval 23.66±0.97 and pupal period 7.80±0.94 and adult longevity 7.26±0.79 days, respectively), and was shortest on Swetha (egg 6.40±0.63; larval -31.33±2.09 and pupal period 14.66±0.97 and adult longevity 10.66±1,83 days, respectively) (Figure 1). The differences in the nutritional composition, seed texture, moisture content, biochemical constituents and defensive compounds of host substrates are known to affect the growth and development of insects. Similar observation observed by Allotey and Azalekor, 2000; Rees, 2004; Howe, 1965.

A significant difference was observed in the body length and body width between the two genotypes. The minimum body length for the first to fifth instar larvae were recorded on GT-10 (1.17±0.04, 2.22±0.08, 3.69±0.09, 4.82±0.05 and 5.59±0.03 mm, respectively), whereas the maximum body length were observed on Swetha (1.70±0.04, 4.00±0.12, 6.61±0.04, 10.18±0.05 and 10.15±0.04 mm, respectively). However, shorter and longer body width of C. cephalonica were observed on GT 10 and Swetha (0.14±0.04, 0.25±0.05, 0.37±0.07, 0.64±0.03 and 0.9±0.10 mm, respectively) (Table 2 and 3)
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	Figure-1: Developmental duration of C. cephalonica on Swetha and GT-10


Applicability of Przibram’s and Megusar’s rule on successive instar wise growth of body length and width of C. cephalonica.
Least susceptible genotype GT 10
Progressive growth of the body length and body width C. cephalonica larvae on the least susceptible genotype (GT-10) did not follow the geometrical progression as suggested by Prazibram’s and Megusar’s rule. The observed and estimated body length and width (1.54 and 1.60) and (1.51 and 1.53, respectively) and the progression factors presented in Table 2 and 3 and depicted in Figure 3 and 4, were not closely related to each other and also showed much deviation from the factor suggested by Prazibram’s and Megusar’s rule i.e., 1.26.  

Highly susceptible genotype Swetha
Progressive increase in body length and width of C. cephalonica larvae reared on highly susceptible genotype (Swetha), did not follow the geometrical progression as suggested by Prazibram’s and Megusar’s rule. The body length and width observed (1.67 and 1.57, respectively) and estimated (1.61 and 1.57, respectively) and the progression factors shown in Table 2 and 3 and depicted in Figure 3 and 4, were not in close proximity to each other and also showed much deviation from the factor suggested by  Prazibram’s and Megusar’s rule i.e. 1.26.
The successive increase in body length and body width of C. cephalonica larvae did not confirm the theoretical growth factor (1.26) proposed by Przibram and Megusar (1912). Similar deviations from Przibram's rule have been also found in Spodoptera litura and Spodoptera frugiperda (Jadhav, 2020, Mohanta, 2021; Kumari and Das, 2022; Vishwakarma, 2023), where larval body dimensions failed to exhibit the expected geometric progression between successive instars.
Conclusion:
In the present work it has been shown that the larvae of C. cephalonica were found to pass through five instars on both sesame genotypes. The determination of instars based on head capsule width is proved to be a reliable morphometric parameter than body length and width. Significant differences in head capsule width, body length, body width, and developmental period of C. cephalonica larvae reared on Swetha and GT-10 genotypes indicated that host plant genotype exerted a considerable influence on larval growth and development. Larvae reared on the Swetha genotype exhibited higher growth accompanied by shorter developmental periods, indicating favorable conditions for larval development. In contrast, larvae fed on the GT-10 genotype showed comparatively lower growth rates along with prolonged developmental periods, suggesting a less suitable host environment for growth and development. The growth progression observed was in good agreement with Dyar's rule and the good linear correlation between the head capsule width and larval instars also confirmed the validity of the morphometric head capsule analysis for distinguishing immature stages of C. cephalonica. This study demonstrates the potential of morphometric methods in the insect development research and offers valuable information for the management of stored-product insects.

	Table-1: Head Capsule Width (HCW) of C. cephalonica on sesame genotypes

	SWETHA
	GT-10

	Instar
	Observed Value
	Growth Ratio
	Estimated Value
	Difference
	Difference %
	Instar
	Observed Value
	Growth Ratio
	Estimated Value
	Difference
	Difference %

	I
	0.24
	
	0.25
	-0.00
	-3.79
	I
	0.16
	
	0.17
	-0.009
	-5.35

	II
	0.36
	1.50
	0.39
	-0.03
	-8.10
	II
	0.28
	1.750
	0.26
	0.020
	7.69

	III
	0.75
	2.08
	0.62
	0.13
	21.92
	III
	0.4
	1.429
	0.40
	0.000
	0.01

	IV
	1.00
	1.33
	0.97
	0.03
	3.51
	IV
	0.62
	1.550
	0.62
	0.005
	0.78

	V
	1.39
	1.39
	1.52
	-0.12
	-8.37
	V
	0.93
	1.500
	0.95
	-0.016
	-1.72

	Progression Factor
	1.57
	1.57
	
	
	Progression Factor
	1.557
	1.538
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	Figure- 2: Relationship between head capsule width and larval development of C. cephalonica on sesame genotypes (a) Swetha and (b) GT-10


	Table 2: Body length of C. cephalonica on sesame genotypes

	SWETHA
	GT-10

	Instar
	Observed Value
	Growth Ratio
	Estimated Value
	Difference
	Difference %
	Instar
	Observed Value
	Growth Ratio
	Estimated Value
	Difference
	Difference %

	I
	1.70
	-
	1.22
	0.48
	39.78
	I
	1.17
	-
	1.36
	-0.19
	-14.06

	II
	4.00
	2.35
	1.96
	2.04
	104.20
	II
	2.22
	1.89
	2.05
	0.16
	7.98

	III
	6.61
	1.65
	3.16
	3.45
	109.51
	III
	3.69
	1.66
	3.10
	0.58
	18.86

	IV
	10.18
	1.54
	5.08
	5.09
	100.33
	IV
	4.83
	1.30
	4.68
	0.14
	3.03

	V
	11.64
	1.14
	8.18
	3.45
	42.22
	V
	6.23
	1.29
	7.07
	-0.84
	-12.00

	Progression Factor
	1.67
	1.61
	
	
	Progression Factor
	1.540
	1.510
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	Figure- 3: Relationship between body length and larval development of C. cephalonica on sesame genotypes (c) Swetha and (d) GT-10


	Table 3: Body Width of C. cephalonica on sesame genotypes

	SWETHA
	GT-10

	Instar
	Observed Value
	Growth Ratio
	Estimated Value
	Difference
	Difference %
	Instar
	Observed Value
	Growth Ratio
	Estimated Value
	Difference
	Difference %

	I
	0.24
	
	0.25
	-0.00
	-3.79
	I
	0.14
	
	0.17
	-0.029
	-17.18

	II
	0.36
	1.50
	0.39
	-0.03
	-8.10
	II
	0.25
	1.786
	0.26
	-0.010
	-3.85

	III
	0.75
	2.08
	0.62
	0.13
	21.92
	III
	0.37
	1.480
	0.40
	-0.030
	-7.49

	IV
	1.00
	1.33
	0.97
	0.03
	3.51
	IV
	0.64
	1.730
	0.62
	0.025
	4.04

	V
	1.39
	1.39
	1.52
	-0.12
	-8.37
	V
	0.9
	1.406
	0.95
	-0.046
	-4.89

	Progression Factor
	1.577
	1.570
	
	
	Progression Factor
	1.600
	1.538
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	Figure- 4: Relationship between body width and larval development of C. cephalonica on sesame genotypes (e) Swetha and (f) GT-10
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