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Inheritance of Certain Morphological Characters and Capsule Borer Resistance in Castor (Ricinus communis L.)
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ABSTRACT 

	Aim: The Shoot and Capsule Borer (SCB), also known as the yellow peach moth (Conogethes punctiferalis), is a major pest of castor, causing significant yield losses by damaging the plant's inflorescence (spike). This study was conducted to precisely determine the relationship between morphological features (inflorescence morphology) and the incidence of Shoot and Capsule Borer (SCB) and to study the inheritance pattern. 
Study design:  Randomized complete block design with two replications were followed.  
Place and Duration of Study: The experiment was conducted in ICAR- Indian Institute of Oilseeds Research (IIOR), Hyderabad, India, during 2022-2023. 
Methodology: In August 2023, the P1, P2, F1, F2, BC1P1, and BC1P2 generations of the DCS-9 × RG-2774 cross was planted at ICAR-IIOR. These generations were replicated twice. The number of plants observed varied across generations, with 60 plants from the parental generations, 280 from the F2 generation, and 60 each from the F1, BC1P1, and BC1P2 generations. Data were recorded on per cent capsule borer damage and on the Spike morphological characters. The genetic variability and inheritance were calculated. 
Results: The trait percent capsule borer incidence exhibited high phenotypic (PCV = 49.17%) and genotypic (GCV = 41.16%) coefficients of variation, indicating considerable variability within the population. High heritability (70.70%) coupled with high genetic advance (70.35%) was observed. Point-biserial correlation analysis revealed a significant positive association between spine on capsules and capsule damage (r = 0.360), as well as between presence or absence of bloom and capsule damage (r = 0.270). Spininess of capsules appeared to be a codominant trait, while compactness of the spike showed evidence of dominance. The continuous distribution observed in the F2 population supports the quantitative nature of capsule borer resistance, indicating that the trait is likely governed by multiple genes. 
Conclusion: This genetic variability and inheritance pattern provide a strong basis for developing castor lines with improved resistance to the capsule borer.
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1. INTRODUCTION 
Castor (Ricinus communis L.) is an ancient and highly important industrial, non-edible oilseed crop grown worldwide (Chan et al., 2010), producing 1.82 million metric tonnes from 1.21 million hectares of cultivated land (FAOSTAT, 2022). India is the leading global producer, followed by China, Brazil, and Thailand, contributing about 1.6 million metric tonnes and supplying over 80% of the world’s castor oil demand. Nearly 90% of the oil extracted from castor seeds consists of ricinoleic acid, a unique hydroxylated fatty acid that lends itself to a wide range of industrial applications (Ramos et al., 1984). Castor seeds are an industrially vital crop, recognized as the sole plant source of ricinoleic acid (12-hydroxy-octadeca-9-enoic acid). The seeds have a high oil content (50-55%), with the oil being unusually rich in ricinoleic acid (85–95%). Castor oil and its derivatives are extensively used in manufacturing lubricants, textiles, cosmetics, pharmaceuticals, and various other industrial products (Sathishkumar et al., 2025a). Furthermore, its high yield, wide adaptability, and oil content make it a strong candidate for biofuel production.
The Shoot and Capsule Borer (SCB), also known as the yellow peach moth (Conogethes punctiferalis), is a major pest of castor, causing significant yield losses by damaging the plant's inflorescence (spike) (Chakravarthy et al., 2015). This widely distributed pest attacks numerous crop species. Effectively controlling SCB is challenging because the larvae are concealed within fibrous material, which prevents contact with pesticides (Suganthy, 2011). Consequently, using host plant resistance an economical, sustainable, and eco-friendly strategy and the preferred management option. Research suggests that castor varieties differ in their susceptibility to SCB, with the spike morphology influencing the level of capsule damage.
Spineness (classified as spiny or non-spiny) and compactness (classified as compact, semi-compact, or loose) are morphological traits of castor that are thought to contribute to capsule borer resistance (Sathishkumar et al., 2022). However, there is currently limited or outdated information available regarding the inheritance patterns of these specific morphological traits. While earlier studies focused on the inheritance of traits like leaf/stem color, bloom, and seed coat characteristics (Harland, 1922; Peat, 1928), the direct relationship between inflorescence morphology and capsule borer resistance has not yet been established. Therefore, this study was conducted to precisely determine the relationship between these morphological features and the incidence of Shoot and Capsule Borer (SCB).
2. material and methods 
Two inbred lines, DCS-9 (susceptible) and RG-2774 (resistant), were crossed to produce F1 progeny. DCS-9, a commercial variety and a parent of mapping population, is characterized by medium height, red stems, double bloom, spiny capsules, normal internodes, flat leaves and with monoecious inflorescence. RG-2774, a germplasm line is distinguished by non-spiny capsules, double bloom, and red stems. During Rabi 2022, F1 individuals were selfed to produce F2 progenies and simultaneously backcrossed with both parents. The backcross with DCS-9 (P1) was designated as BC1P1, while the backcross with RG-2774 (P2) was designated as BC1P2. In August 2023, the P1, P2, F1, F2, BC1P1, and BC1P2 generations of the DCS-9 × RG-2774 cross were planted at ICAR-IIOR, Hyderabad, India. Each line was sown in 6-meter rows, with 90 cm spacing between rows and 60 cm between plants, while the susceptible check, DCS-9, was planted after every fourth row. These generations were replicated twice. The number of plants observed varied across generations, with 60 plants from the parental generations, 280 from the F2 generation, and 60 each from the F1, BC1P1, and BC1P2 generations. Data were recorded on per cent capsule borer damage.
The spike characteristics viz., spine on capsules, presence/absence of bloom and compactness of the spike were recorded for all the selected plants. The per cent capsule damage for all the plants were worked out by counting the damaged and healthy capsules. As the independent variables are nominal and the dependent variable is continuous, point biserial correlation was used to assess the relationship. The phenotypic and genotypic coefficients of variation (PCV and GCV) were calculated using the formula given by Burton and Devane (1953) and heritability and genetic advance by Johnson et al., (1955). Chi-square test was used to check goodness of fit of the wilt resistance scores of F2 and BC1F1 populations to various classical Mendelian ratios. The Chi-square value was calculated as per the standard formula χ2 = Σ (O–E)2/E, where O = observed frequency of resistant/susceptible plants and E = expected frequency of resistant/susceptible plants. The deviation between observed and expected ratios was considered non-significant, if the calculated χ2 value was lesser than the tabular value at P = 0.05 for (n−1) degrees of freedom, where ‘n’ is the total number of phenotypic categories/classes.

3. results and discussion
The nature of gene action and the number of genes governing a trait can be inferred through critical analysis of distribution properties using third-order statistics, such as skewness and kurtosis. These parameters provide deeper insights than first- and second-order statistics, which mainly reveal interaction effects (Rani et al., 2016). Skewness reflects the direction and extent of deviation from the central tendency: positive skewness suggests control by dominant and complementary gene action, while negative skewness indicates dominant and duplicate epistasis. Kurtosis describes the peakedness of a distribution; a leptokurtic pattern implies that the trait is influenced by a few genes, whereas a platykurtic distribution suggests regulation by many genes.
The descriptive analysis (Table 1) revealed that the morphological traits (spine and compactness) were more stable than the capsule borer incidence. Spine showed moderate variability and a symmetrical distribution, suggesting consistency among genotypes. Compactness displayed low to moderate variability but a strong negative skew, indicating that high compactness is typical, with only a few genotypes having low values. Crucially, the percent capsule borer incidence (0–100%) exhibited very high variability, reflecting a wide spectrum of susceptibility across the population. The incidence's slight positive skew and broad, flat distribution further confirmed the presence of both highly susceptible and highly resistant genotypes. This clear distinction between the stability of the morphological traits and the wide range in borer incidence makes the assessed population valuable for resistance breeding and genetic analysis.
Table 1. Descriptive statistics of studied traits in F2 population of DCS-9 x RG-2774 cross
	
	Spine
	Compactness
	Percent capsule borer incidence

	Mean
	1.08156
	0.751773
	52.5

	Standard Error
	0.041599
	0.02577
	2.012958

	Median
	1
	1
	45

	Mode
	1
	1
	100

	Standard Deviation
	0.69856
	0.432752
	33.80331

	Sample Variance
	0.487986
	0.187274
	1142.664

	Kurtosis
	-0.94062
	-0.63117
	-1.33903

	Skewness
	-0.11255
	-1.1719
	0.245367

	Range
	2
	1
	100

	Minimum
	0
	0
	0

	Maximum
	2
	1
	100

	Sum
	305
	212
	14805

	Count
	282
	282
	282

	Confidence Level (95.0%)
	0.081885
	0.050727
	3.962391



Exploiting variability through parameters such as the Phenotypic Coefficient of Variation (PCV), Genotypic Coefficient of Variation (GCV), and heritability is essential for effective selection in any breeding programme (Kishore et al., 2015). The estimates of variability are presented in Table 2. Capsule borer incidence recorded a mean value of 52.5%, along with high PCV (49.17%) and GCV (41.16%). The wider difference between PCV and GCV indicates a notable environmental influence on the expression of this trait. Heritability serves as a predictive measure reflecting the reliability of phenotypic expression, while genetic advance as a percent of mean (GAM) indicates the expected improvement under selection. Therefore, the combined consideration of heritability and GAM provides a more dependable index for assessing the effectiveness of selection (Johnson et al., 1955).
Heritability is typically classified into three levels: low (<30%), moderate (30–60%), and high (>60%) (Robinson et al., 1949). Similarly, genetic advance as percent of mean (GAM) is categorized as low (<10%), moderate (10–20%), and high (>20%) (Johnson et al., 1955). Percent capsule borer incidence exhibited high heritability (70.70%) along with high genetic advance (70.35%) (Table 2). This combination suggests that the trait is primarily governed by additive gene action, indicating that selection for reduced capsule borer incidence is likely to be effective in subsequent generations.
Table 2: Estimation of genetic parameters of percent capsule borer incidence in F2 individuals 
	PCV
	49.178

	GCV
	41.164

	h
	0.700

	h2
	70.064

	GA
	35.237

	GA/mean
	0.709

	GAPM
	70.979


*PCV – Phenotypic coefficient of variation, GCV - Genotypic coefficient of variation, h – heritability, GA – Genetic advance, GAPM- Genetic Advance per Mean. 

The point-biserial correlation analysis revealed that several morphological features of the castor capsule are significantly linked to damage from the capsule borer. Specifically, there was a significant correlation between spine on capsules and percent capsule damage (r = 0.360) (Table 3). A similar significant correlation was also observed between the presence or absence of bloom and percent capsule damage (r = 0.270). Interestingly, the traits of compactness and spininess showed no correlation (r = -0.050). Based on these correlations, the study infers that genotypes possessing non-spiny capsules with reduced or absent bloom are likely to be less susceptible to capsule borer damage. This aligns partly with earlier work by Lakshminarayana (2005), which reported that the Shoot and Capsule Borer (SCB) showed only moderate preference for non-spiny, small-capsule lines and the least preference for loose spikes. 
Table 3: Correlation coefficient among the traits in F2 induvial of DCS-9 x RG-2774 cross
	 
	Spine
	Compactness
	Percent capsule borer incidence

	Spine
	1
	 
	 

	Compactness 
	-0.050
	1
	 

	Percent capsule borer incidence
	0.360**
	0.270**
	1


**Significance at 0.01

Lakshminarayana (2005) investigated the morphological characteristics of castor capsules associated with resistance to major insect pests, including Conogethes punctiferalis. Twelve castor genotypes with diverse spike traits were evaluated along with the control DCS-9. The study revealed that genotypes with loose spikes (RG-1934), very loose spikes (RG-2543), small capsules (RG-2635), and non-spiny capsules (RG-258) were less prone to capsule borer infestation. In contrast, genotypes with large capsules exhibited high susceptibility, with 85.8% capsule damage, while those with compact spikes recorded 86.7% mean damage. Genotypes bearing small and non-spiny capsules showed moderate susceptibility, with mean damage levels of 42.0% and 51.7%, respectively. Overall, genotypes with loose spikes experienced the lowest infestation, with capsule damage ranging from 18.3% to 28.3%.
In line with previous research, Jayalaxmi (1996) determined that the capsule borer preferred castor plants having compact and spiny spikes, while those with loose and spineless spikes showed reduced susceptibility. Analyzing various lines, the Aruna variety stood out as the most resistant, recording only 13% capsule damage. Other varieties, including VHB-150, GAUCH-1, SHB-18, and JI-35, exhibited slightly higher levels of damage, falling within the 14.2% to 19.4% range. This evidence strongly supports selecting breeding lines based on loose and spineless capsule traits to enhance capsule borer resistance. In contrast with this result, Sathishkumar et al., (2025b) did not observe any correlation with the spineness and compactness. 
Genetic resources with resistance to capsule borer are crucial for castor breeding programs aimed at developing high-yielding cultivars. Understanding the inheritance pattern of capsule borer resistance in these genetic sources can facilitate the identification of diverse resistance genes. Incorporating these genes into improved parental lines through gene pyramiding can ultimately lead to the development of cultivars with durable resistance to capsule borer in castor. Spininess of capsules is found to be codominant traits; the F1 plants showed intermediate phenotype i.e., sparsely spiny capsules (Table 4). The F2 segregation of the cross DCS-9 x RG-2774 showed goodness of fit for 1 spiny: 2 sparsely spiny: 1 no-spiny. The recessive character is governed by single recessive gene, thus the recessive homozygotes aa are non-spiny; heterozygotes Aa produce sparsely spiny phenotype; and the dominant homozygotes AA results in spiny capsules. The inheritance of this character agreement with previous report. (Shankar et al., 2010). 
Table 4. Inheritance of spininess in parents, F1 and F2 and backcross population of DCS-9 x RG -2774 cross 
	Generation

	
Number of plants
	Observed
	
EXP
	
CHI

	
	
	NSP
	SSP
	SP
	
	

	P1
	60
	 -
	- 
	60
	 -
	- 

	P2
	60
	60
	 -
	- 
	- 
	 -

	F1
	60
	 - 
	60
	-  
	 -
	 -

	F2
	276
	58
	142
	81
	 1:2:1
	1.925

	B1
	60
	 - 
	36
	24
	 1:1
	1.212

	B2
	60
	27
	33
	 - 
	 1:1
	0.3008



The inheritance of compactness was studied in the DCS-9 x RG-2774 cross (Table 5). The parent DCS-9 had all the plant with semi compact spike and RG-2774 had loose compact spike. The F1 population of cross recorded semi compact spike in all observed plants. It revealed the dominance of Compactness spike. Segregation pattern in F2 generation in cross exhibited a good fit to the 3 semi compact spike: 1 loose spike. The back cross populations of (DCS-9 x RG-2774) x DCS-9 gave 1:1 ratio.  The backcross population of (DCS-9 x RG-2774) x RG-2774 segregated in the ratio 1 semi compact: 1 loose spike. The similar result was observed by Ramesh et al., (2017).
Table 5. Inheritance of compactness in parents, F1 and F2 and backcross population of DCS-9 x RG - 2774 cross
	Generation

	
Number of plants
	Observed
	EXP
	CHI

	
	
	SEMI
	LOOSE
	
	

	P1
	60
	60
	 - 
	 -
	- 

	P2
	60
	 - 
	60
	- 
	 -

	F1
	60
	60
	 
	 -
	 -

	F2
	276
	211
	65
	 3:1
	0.1577

	B1
	60
	38
	22
	 1:1
	2.171

	B2
	60
	26
	34
	 1:1
	0.535



The relative distribution of the F2 population followed a continuous distribution curve (Fig.1), indicating that capsule borer resistance may exhibit a quantitative inheritance pattern and is likely controlled by multiple genes. Similar findings were reported by Anderson et al., 2025 in wheat for Hessian fly. From a breeding perspective, the polygenic control of capsule borer resistance is advantageous. This complex genetic control contributes to a durable resistance mechanism, reducing the likelihood of resistance breakdown and slowing the evolution of aggressive pest races. 
[image: ]








Fig.1.Frequency distribution of capsule borer in F2 of DCS-9 x RG - 2774 cross.

4. Conclusion
The study highlights that capsule borer resistance in castor is a quantitatively inherited trait with high variability and strong genetic control. High heritability and genetic advance for capsule borer incidence indicate ample scope for effective selection. Significant correlations of spine presence and bloom with capsule damage suggest their potential use as morphological indicators in breeding. Overall, resistance appears to be governed by multiple genes, enabling the identification and improvement of tolerant genotypes through targeted selection.
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