Studies on Genetic Variability of Ratoon F1s for Grain Yield, Yield Traits and Quality Traits in Rice (Oryza sativa L.) 


Abstract:

Ratooning, the ability of the rice plant to regenerate new panicle-bearing tillers after harvest, could be a practical way to increase rice production per unit area and per unit time. The present investigation was conducted at Acharya N.G. Ranga Agricultural University – Regional Agricultural Research Station (RARS), Maruteru, Andhra Pradesh, to assess genetic variability, heritability and genetic advance for yield, ratoonability, physical and cooking quality traits in rice. The experimental material consisted of 28 ratoons of single cross F₁s developed from eight parents through diallel mating design in kharif season. The 28 F₁ ratoons along with eight parents (MTU-1001, BPT-3291, MCM-100, MTU-1140, MTU-1121, MTU-1064, MUT-1061 and MTU-1064) were evaluated in a randomized complete block design (RCBD) with three replications during the summer season. The analysis of variance for the ratoon of 28 F1s along with 8 parentsshowed significant differences for all 27 traits in study (viz., 10 yield associated traits, 3 traits contributing for ratoonability, 6 physical grain quality traits and 8 cooking quality traits). The phenotypic coefficient of variation (PCV) values are higher than the genotypic coefficient of variation (GCV) values and the difference between them is indicating the little role of environment in the expression of these traits. A wide range of PCV (1.86 - 30.73%) and GCV (1.56– 29.96%) was resulted for 27 traits. The presence of higher GCV and PCV observed in grain yield per plant (g) followed by gel consistency (mm) and alkali spreading value (mm) which signifies the additive genetic control in inheritance of that trait. High heritability along with high genetic advance as percentage of mean was recorded for the characters viz., number of ear bearing tillers per plant, number of grains per panicle, grain yield per plant, water uptake, gel consistency, alkali spreading value and amylose content, indicated the role of additive gene action in governing the inheritance of this traits and improvement of yield related and quality traits through simple selection may be rewarded. The study concludes that 28 ratoon F1s crosses along with their 8 parents had adequate amounts of variability for yield-associated traits and physico-chemical quality traits. 
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INTRODUCTION

Rice (Oryza sativa L., 2n=24) is the most staple food crop in Asia. Rice is mainly cultivated in tropical climates, which are affected by drought and salinity, and these cause a drastic reduction in yield and quality (25). The cultivated varieties of Oryza sativa are grouped into three subspecies, indica, japonica and javanica. Indica varieties are grown throughout the tropical and sub-tropical region, and japonica varieties are grown throughout the temperate zone, and javanica varieties are grown mainly in parts of Indonesia (26). It has been estimated that global rice production will need to increase by 116 million tons (26%) by 2035 to meet the rising demand for rice (27). Worldwide, the area under cultivation is about 167.2 million hectares with production of 769.6 million tonnes with of productivity of 4,600 kg ha-1. Despite these achievements, we still need to produce an additional 1.5-2 million tonnes of milled rice every year with decreasing area under rice to meet the target of 180 million tonnes by 2050. Asia accounts for nearly 90% of global rice consumption. In India, rice is cultivated over an area of approximately 47.83 million hectares, with a total production of 150.04 million tonnes and an average productivity of 2,838 kg ha⁻¹ (Indiastat, 2022–23). In the context of increasing food insecurity, enhancing rice productivity has become a major agricultural priority. Among the various strategies proposed to improve rice yield, the exploitation of hybrid vigour has been recognised as a systematic and practically feasible approach, as demonstrated by the successful experiences reported in China.
Ratooning—the capacity of the rice plant to regenerate new panicle-bearing tillers from the stubble after the harvest of the main crop—represents a potentially effective strategy for increasing rice production per unit area and per unit time. Consequently, greater emphasis is now being placed on the efficient utilisation of agricultural land by maximising rice yield within a limited timeframe. In this regard, very early maturing rice varieties are considered a reliable option for achieving higher productivity. Simultaneously, there is an urgent need to improve traits associated with grain yield and related agronomic characteristics. Ratooning also offers a practical means of exploiting the regenerative capacity of rice plants following harvest. Although substantial progress has been achieved in understanding the genetics of both quantitative and qualitative traits in rice, relatively limited attention has been devoted to elucidating the inheritance of ratooning ability. The productivity of ratoon rice crops is largely dependent upon the inherent ratooning capacity of the cultivar. Therefore, a comprehensive understanding of the genetic mechanisms governing economically important traits is of primary importance. The choice of breeding strategy for crop improvement largely depends on the relative contributions of additive, dominance, and epistatic gene effects controlling these traits. Ratoon rice cultivation involves the production of a second crop from the stubble remaining after harvesting the main crop. This system has been proposed as a promising approach to increase rice production, as additional grain yield can be obtained without the need for land preparation, sowing, or transplanting. Despite its potential advantages, large-scale commercial adoption of ratoon rice systems in tropical Asia remains limited. This is primarily due to the lack of cultivars specifically adapted to ratoon cropping, particularly those possessing inherent resistance to insect pests and diseases, as well as the absence of well-defined agronomic management practices. Furthermore, varietal differences exist in the emergence of ratoon tillers from different nodes of the stubble, which significantly influences ratoon crop performance. In this context, the present investigation was undertaken to evaluate ratooning ability through diallel analysis. A total of 28 F₁ crosses, along with their eight parental lines, were examined under a diallel mating design with the objective of identifying suitable genetic combinations for the improvement of early rice varieties. For the effective development of future breeding programmes aimed at yield enhancement through broadening the genetic base and promoting genetic recombination, an understanding of genetic variation in yield-contributing traits is essential. The success of any breeding programme largely depends on the extent of genetic variability present within the population. The magnitude of variability can be assessed through genetic variability studies involving parameters such as the genotypic coefficient of variation (GCV), phenotypic coefficient of variation (PCV), heritability, genetic advance, and genetic advance as a percentage of the mean (GAM). The total observed variation in a population represents the combined effects of genetic and environmental factors; however, only the genetic component of variability is heritable. A wider range of genetic variability facilitates the selection of desirable genotypes. In addition to variability, knowledge of heritability and genetic advance provides valuable guidance for breeders in selecting appropriate breeding strategies. Therefore, a thorough understanding of the extent of genetic variability, heritability, and expected genetic advance present in the available germplasm is essential for the effective genetic improvement of rice.


MATERIALS AND METHODS

The experimental material for the present investigation consisted of 28 ratoons of single cross F1s so produced by eight parents in kharif season in diallel fashion as suggested by Griffing (1956) without reciprocals i.e., (Method-2, Model II). Sufficient care was taken to avoid water logging and need based plant protection measures were taken up for proper raising of healthy ratoon of the F1 crosses raised in randomized complete block design (RCBD), with three replications; each entry was planted in 3 rows of 3 meters length at 20 cm × 15 cm spacing in summer season at Acharya N.G. Ranga Agricultural University-Regional Agricultural Research Station (RARS), Maruteru. Andhra Pradesh. The 28 F1s ratoons + 8 parents (viz., MTU-1001, BPT-3291, MCM-100, MTU-1140, MTU-1121 MTU-1064, MUT-1061 and MTU-1064) were harvested at the time of maturity. 
Observations were recorded from ten randomly selected plants in each replication for a total of 27 characters. These included ten yield-attributing traits: days to 50% flowering, days to maturity, plant height (cm), total number of tillers per plant, number of ear-bearing tillers per plant, panicle length per plant (cm), number of grains per plant, test weight (g), leaf area index at the maximum tillering stage, and grain yield per plant.
In the ratoon F₁ crop, three additional traits associated with ratooning ability were also recorded: number of ratoon tillers expressed as a percentage of main crop tillers, number of vegetative buds after the harvest of the main crop, and number of ratoon ear-bearing tillers expressed as a percentage of main crop ear-bearing tillers. Furthermore, six physical grain quality traits were evaluated, namely hulling percentage, milling percentage, head rice recovery percentage, kernel length (mm), kernel breadth (mm), and length–breadth (L/B) ratio. In addition, eight cooking quality traits were assessed: kernel length after cooking (mm), kernel breadth after cooking (mm), kernel elongation ratio, volume expansion ratio, water uptake value (ml), gel consistency, alkali digestion value (mm), and amylose content.
The collected data were subjected to statistical analysis using a diallel mating design as proposed by Griffing (1956), excluding reciprocals (Method II, Model II). The success of any crop improvement programme largely depends on the extent of genetic variability present within the population. Selection of genotypes or parental lines may not be effective unless the population exhibits a sufficiently wide range of genetic variability. Moreover, knowledge of heritability alone is insufficient for effective selection. When considered in conjunction with genetic advance, heritability estimates provide more meaningful guidance for breeders in formulating appropriate breeding strategies. Therefore, the present investigation was undertaken to assess the genetic variability, heritability, and genetic advance present in the available genetic material.
Genetic variability, when evaluated together with heritability estimates, provides a clearer understanding of the potential genetic gain achievable through selection (Burton, 1952; 1953). The magnitude of heritable variability is a crucial factor because it is closely associated with the expected response to selection. Heritability estimates combined with genetic advance are generally more reliable for predicting selection gains than heritability estimates alone. However, it should be noted that a trait exhibiting high heritability does not necessarily demonstrate a correspondingly high genetic advance (Johanson et al., 1955).
In the present study, the analysis of variance revealed significant differences among the genotypes for all the characters studied, indicating a high degree of variability in the experimental material (Table 1). The phenotypic coefficient of variation (PCV) values were slightly higher than the genotypic coefficient of variation (GCV) values for most traits. The relatively small difference between PCV and GCV suggests a limited influence of environmental factors on the expression of these characters. Detailed estimates of heritability, genetic advance, and genetic advance as a percentage of the mean are presented in Table 2 and illustrated in Figures 1 and 2.

RESULTS AND DISCUSSION

The superior achievement of rice breeding programme hinges on the selection of parents based on mean performance, a wide range of variation in 28 F1’s, along with 8 parents mean performance was observed for all the 24 traits in present study i.e.,  number of days to 50% flowering (55.67 to 70.00 days), days to maturity varied (82.67 to 104.00  days), plant height (85.05 to 122.53 cm), total number of tillers per plant (8.00 to 11.67), number of ratoon tillers as percentage of main crop tillers (57.14 to 86.97), number of vegetative buds after the harvest of main crop (10.00 to 13.00), number of ear bearing tillers per plant (4.67 to 9.00), number of ratoon ear bearing tillers as percentage of main crop ear bearing tillers (41.18 to 76.77 cm), panicle length per plant (23.56 to 33.14 cm), number of number of grains per panicle (108.69 to 222.28),  test weight (16.81 to 23.78 g),  leaf area index at maximum tillering stage (1.19 to 2.82), grain yield per plant (11.71 to 35.27 g), hulling per cent (75.70%  to 81.02%), milling  per centage (70.35%  to 76.89%), head rice recovery ranged (65.60%  to 69.54%), kernel length (5.09 mm to 5.97 mm), kernal breadth (1.70 mm to 2.23 mm), kernel length/breadth ratio (2.50 to 3.15), kernel length after cooking (8.54 to 9.88 mm), kernel breadth after cooking (2.60 to 3.29 mm), kernel elongation ratio (1.57 to 1.85), volume expansion ratio (3.88 to 5.00), water uptake (156.33 to 285.33 ml), gel consistency (37.29 to 95.21), alkali spreading value (2.50 to 6.22), amylose content (18.13 to 30.90). The mean performance of F1 ratoon hybrid in rice, for 27 traits revealed existence of very high level of variability in the crosses and parents estimated in the present study.
Genetic improvement in crop species largely depends on the magnitude of genetic variability and the heritability of economically important traits. In the present study, a wide range of phenotypic coefficient of variation (PCV) (1.86–30.73%) and genotypic coefficient of variation (GCV) (1.56–29.96%) was observed across the 27 traits evaluated (Table 2; Fig. 1). The estimates of genetic parameters revealed that PCV values were consistently slightly higher than the corresponding GCV values for all the traits studied. This indicates that both the ratoon F₁ hybrids and their parental lines were influenced to some extent by environmental factors. However, the relatively small differences between GCV and PCV suggest that the majority of the observed variability among genotypes was primarily attributable to genetic factors. Similar findings for morphological traits have been reported by several earlier studies [1, 5, 10, 19].
In the present investigation, high levels of variability were observed for grain yield per plant (g), gel consistency (mm), and alkali spreading value (mm). Moderate estimates of both GCV and PCV (10–20%) were recorded for traits such as total number of tillers per plant, number of ratoon tillers expressed as a percentage of main crop tillers, number of ear-bearing tillers per plant, number of ratoon ear-bearing tillers expressed as a percentage of main crop ear-bearing tillers, number of grains per panicle, leaf area index at the maximum tillering stage, water uptake (ml), and amylose content (%). The moderate magnitude of GCV and PCV for these traits indicates the presence of appreciable genetic variability, which may be effectively exploited through selection in advanced generations. These findings are in agreement with the results reported in previous studies [6, 11, 20, 22, 23].
Low estimates of GCV and PCV (less than 10%) were recorded for several traits, including days to 50% flowering, days to maturity, plant height, number of vegetative buds after the harvest of the main crop, panicle length per plant (cm), test weight (g), hulling percentage, milling percentage, head rice recovery percentage, kernel length (mm), kernel breadth (mm), kernel length–breadth (L/B) ratio, kernel length after cooking (mm), kernel breadth after cooking (mm), kernel elongation ratio, and volume expansion ratio. Similar low estimates of GCV and PCV for milling percentage have been reported in earlier studies [6, 12, 13, 19].
The occurrence of low GCV and PCV values for these traits suggests the presence of a relatively narrow genetic base. Therefore, the improvement of such traits may require the creation of additional variability through hybridisation or induced mutagenesis, followed by selection using appropriate breeding methods such as pedigree selection.

Presence of high heritability of a trait is an index of transmission of parental characters to its progeny and estimation of heritability helps breeder in selection of elite cultivars from divergent population, hence knowledge about the heritability of the traits for breeding programme is essential. In this context the existing study revealed heritability (broad sense) was high (i.e > 60%) for 21 yield and quality traits (Table 2 Fig. 2), Days to 50% flowering  (72.80%), days to maturity  (87.0%), plant height (93.40%), number of ear bearing tillers per plant  (62.10%), panicle length per pant (68.70%), number of grains per panicle  (85.70%), test weight (92.00%), grain yield per plant (95.10%), hulling per cent (70.30%), milling per cent (48.50%), head rice recovery per cent (73.10%), kernel length (72.0%), kernel breadth (84.60%), kernel length  (l)/breadth(b) ratio  (69.00%), kernel length after cooking (90.10%), kernel breadth after cooking (76.00%), kernel elongation ratio (67.40%), water uptake (94.80%), gel consistency (97.50%), alkali spreading value (96.60%) and amylose content (96.00%). Whereas moderate heritability (broad sense) (i.e 30-60%) was observed for total number of tillers per plant (38.90%), number of ratoon tillers as percentage of main crop tillers (46.10%), number of ratoon ear bearing tillers as percentage of main crop ear bearing tillers (48.60%) and leaf area index at maximum tillering stage (92.50%) and Low hetitability was reported for two chatacters such as number of vegetative buds after the harvest of main crop  (25.70%) and volume expansion ratio  (78.40%) 

Evaluation of high genetic advance (i.e  >20%) was revealed for number of ear bearing tillers per plant (23.05), number of grains per panicle (28.58), grain yield per plant (60.18), water uptake (25.52), gel consistency (59.76), alkali spreading value (53.31) and amylose content (27.62). Moderate genetic advance as per cent of mean (i.e range from10-20%) was observed for days to maturity (10.78), plant height (16.43), total number of ratoon tillers as percentage of main crop tillers  (15.91), number of ratoon ear bearing tillers as percentage of main crop ear bearing tillers (19.90), leaf area index at maximum tillering stage  (48.69), panicle length per pant  (13.60), test weight (16.60) and kernel breadth after cooking  (12.69) and genetic advance as per cent of mean was low (i.e  <10%) for traits such asdays to 50% flowering (9.12), number of tillers per plant (9.53), number of vegetative buds after the harvest of main crop (4.67), hulling per cent (2.69), milling per cent (2.79), head rice recovery per cent (3.63) kernel length (5.08), kernel breadth (9.07), kernel length (l)/breadth (b) ratio (6.95) kernel length after cooking  (7.62), kernel elongation ratio  (5.87) and volume expansion ratio  (11.34). 

The estimates of heritability alone was ineffective for selection in any crop. Heritability studies coupled with genetic advance as per centage of mean, would be more useful [5, 6, 13 and 22]. In the present study high heritability along with high genetic advance as percentage of mean was recorded for the characters viz.,Number of ear bearing tillers per plant, number of grains per panicle, grain yield per plant, water uptake, gel consistency, alkali spreading value and amylose content, indicated the role of additive gene action in governing the inheritance of this character and offers the scope for improvement through simple selection.  However, high heritability together with moderate genetic advance as per cent of mean was observed for days to maturity, plant height, panicle length per pant, test weight and kernel breadth after cooking, indicated the role of additive and non additive gene action in governing the inheritance of this character. 

Moderate heritability coupled with moderate genetic advance as a percentage of the mean was observed for the number of ratoon tillers expressed as a percentage of main crop tillers, number of ratoon ear-bearing tillers expressed as a percentage of main crop ear-bearing tillers, and leaf area index at the maximum tillering stage. This pattern suggests the predominance of non-additive gene action in the inheritance of these traits.
High heritability accompanied by low genetic advance as a percentage of the mean was recorded for days to 50% flowering, hulling percentage, milling percentage, head rice recovery percentage, kernel length, kernel breadth, kernel length–breadth (L/B) ratio, kernel length after cooking, kernel elongation ratio, and volume expansion ratio. This combination indicates that non-additive gene effects play a significant role in governing the inheritance of these characters.
Moderate heritability associated with low genetic advance as a percentage of the mean was observed for the total number of tillers per plant, suggesting the involvement of both additive and non-additive gene actions in the inheritance of this trait. Consequently, substantial improvement through simple selection may be limited for this character.
In contrast, the number of vegetative buds after the harvest of the main crop exhibited low heritability together with low genetic advance as a percentage of the mean. This indicates that the trait is largely influenced by environmental factors, and therefore direct selection for this character may not be effective. In such cases, the observed heritability may primarily reflect favourable environmental influences rather than true genetic effects. As a result, selection for these traits is unlikely to be rewarding through conventional methods, although improvement may still be possible under more controlled breeding strategies. Similar observations have been reported in earlier studies [1, 5, 12, 19, 22].

CONCLUSION 

Genetic variability constitutes a fundamental prerequisite for any crop improvement programme, particularly with respect to economically important yield-attributing, physicochemical, and quality traits. In the present study, the analysis of variance (ANOVA) conducted on 28 ratoon F₁ hybrids along with their eight parental lines revealed significant differences among genotypes for a wide range of characters.
[bookmark: _GoBack]The traits evaluated included ten yield-related parameters, namely days to 50% flowering, days to maturity, plant height (cm), total number of tillers per plant, number of ear-bearing tillers per plant, panicle length (cm), number of grains per plant, test weight (g), leaf area index at the maximum tillering stage, and grain yield per plant. In the ratoon F₁ crop, three additional traits related to ratooning ability were also assessed: number of ratoon tillers expressed as a percentage of main crop tillers, number of vegetative buds after harvest of the main crop, and number of ratoon ear-bearing tillers expressed as a percentage of main crop ear-bearing tillers.
Furthermore, six physical grain quality traits were examined, including hulling percentage, milling percentage, head rice recovery percentage, kernel length (mm), kernel breadth (mm), and length–breadth (L/B) ratio. In addition, eight biochemical and cooking quality traits were evaluated: kernel length after cooking (mm), kernel breadth after cooking (mm), kernel elongation ratio, volume expansion ratio, water uptake value (ml), gel consistency, alkali digestion value (mm), and amylose content.
The phenotypic coefficient of variation (PCV) values were consistently higher than the corresponding genotypic coefficient of variation (GCV) values, indicating a relatively minor influence of environmental factors on the expression of these traits. A wide range of variability was observed, with PCV values ranging from 1.86% to 30.73% and GCV values ranging from 1.56% to 29.96% across the 27 characters studied.
Among the traits evaluated, the highest PCV and GCV values were observed for grain yield per plant (g), followed by gel consistency (mm) and alkali spreading value (mm), suggesting the predominance of additive genetic effects in the inheritance of these characters. The relatively high magnitude of PCV and GCV for these traits indicates substantial genetic variability, thereby providing favourable opportunities for improvement through simple selection.
Overall, the results of the present investigation indicate that the 28 ratoon F₁ crosses and their eight parental lines possess an adequate level of genetic variability for yield-related traits as well as physicochemical and quality parameters. This variability provides a valuable foundation for future breeding programmes aimed at enhancing rice productivity and grain quality.

The estimates of high heritability along with high genetic advance as percentage of mean was recorded for the characters viz.,Number of ear bearing tillers per plant, number of grains per panicle, grain yield per plant, water uptake, gel consistency, alkali spreading value and amylose content, indicated the role of additive gene action in governing the inheritance of this traits and improvement of yield related and quality traits through simple selection may be rewarded. High heritability together with moderate genetic advance as per cent of mean was observed for days to maturity, plant height, panicle length per pant, test weight and kernel breadth after cooking, indicated the role of additive and non additive gene action in governing the inheritance of this character, where recurrent selection followed by selection may be worthy for improvement for these traits.
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	Table  1.  Analysis of variance for grain yield, yield component, physio-chemical and cooking quality trait of 28 F1s and 8 Parents of F1 Ratoon in Rice (Oryza sativa L.)

	S.No
	Source of variations
	Replications ( d.f=2)
	Treatments (df=35)
	Error (df=70)
	Total (df=107)

	1 
	Days to 50% flowering
	0.111 
	35.048**
	3.883 
	39.041 

	2 
	Days to maturity
	0.120 
	84.329**
	3.997 
	88.446 

	3 
	Plant height (cm)
	1.475 
	237.362**
	5.473 
	244.310 

	4 
	Total number of  tillers per plant
	0.009 
	2.327**
	0.800 
	3.136 

	5 
	Number of ratoon tillers as percentage of main crop tillers
	3.031 
	233.253**
	65.373 
	301.657 

	6 
	 Number of vegetative buds after the harvest of main crop
	0.694 
	1.552**
	0.761 
	3.008 

	7 
	Number of ear tillers per plant
	0.009 
	3.380**
	0.571 
	3.960 

	8 
	Number of ratoon productive tillers as percentage of main crop productive tillers
	1.130 
	263.554**
	68.753 
	333.437 

	9 
	Panicle length per plant (cm)
	0.086 
	17.516**
	2.312 
	19.914 

	10 
	Number of grains per panicle
	41.663 
	1871.936**
	98.678 
	2012.278 

	11 
	Test weight (gm)
	0.024 
	8.645**
	0.243 
	8.912 

	12 
	Leaf area index at maximum tillering stage
	0.004 
	0.606**
	0.016 
	0.626 

	13 
	Grain yield per plant (gm)
	0.072 
	112.733**
	1.915 
	114.720 

	14 
	Hulling percentage
	1.569 
	5.187**
	0.641 
	7.396 

	15 
	Milling percentage
	0.108 
	8.097**
	2.118 
	10.324 

	16 
	Head rice recovery
	0.071 
	6.918**
	0.755 
	7.745 

	17 
	Kernel length (mm)
	0.004 
	0.085**
	0.010 
	0.099 

	18 
	Kernel breadth (mm)
	0.001 
	0.029**
	0.002 
	0.032 

	19 
	Kernel L/B ratio
	0.002 
	0.042**
	0.006 
	0.049 

	20 
	Kernel length after cooking (mm)
	0.008 
	0.411**
	0.015 
	0.434 

	21 
	Kernel breadth after cooking (mm)
	0.008 
	0.142**
	0.013 
	0.163 

	22 
	Kernel elongation ratio
	0.001 
	0.012**
	0.002 
	0.015 

	23 
	Volume expansion ratio
	0.019 
	0.258**
	0.022 
	0.298 

	24 
	Water uptake (ml)
	13.361 
	2199.495**
	39.109 
	2251.965 

	25 
	Gel consistency (mm)
	0.838 
	1153.045**
	9.959 
	1163.843 

	26 
	Alkali spreading value (mm)
	0.002 
	3.968**
	0.047 
	4.017 

	27 
	Amylose content (%)
	0.034 
	29.928**
	0.411 
	30.374 

	** Significant at 1% level














	Table 2. Estimates of variability, heritability and genetic advance as per cent of mean for grain yield, yield component, physio-chemical and cooking quality trait of 28 F1s and 8 Parents Ratoon in Rice (Oryza sativa L.)

	S.No
	Characters
	Mean
	Range
	Coefficient of variation
	Heritability (broad sense)
	Genetic Advancement
	Genetic advance as per cent of mean

	
	
	
	Min.
	Max.
	PCV (%)
	GCV (%)
	
	
	

	1
	Days to 50% flowering
	62.11 
	55.67 
	70.00 
	6.08 
	5.19 
	72.80 
	5.67 
	9.12 

	2
	Days to maturity
	92.20 
	82.67 
	104.00 
	6.02 
	5.61 
	87.00 
	9.94 
	10.78 

	3
	Plant height (cm)
	106.51 
	85.05 
	122.53 
	8.54 
	8.25 
	93.40 
	17.50 
	16.43 

	4
	Total number of  tillers per plant
	9.62 
	8.00 
	11.67 
	11.89 
	7.42 
	38.90 
	0.92 
	9.53 

	5
	Number of ratoon tillers as percentage of main crop tillers
	65.78 
	57.14 
	86.97 
	16.75 
	11.37 
	46.10 
	10.47 
	15.91 

	6
	Number of vegetative buds after the harvest of main crop
	11.50 
	10.00 
	13.00 
	8.80 
	4.47 
	25.70 
	0.54 
	4.67 

	7
	Number of ear tillers per plant
	6.81 
	4.67 
	9.00 
	18.02 
	14.20 
	62.10 
	1.57 
	23.05 

	8
	Number of ratoon productive tillers as percentage of main crop productive tillers
	58.15 
	41.18 
	76.77 
	19.89 
	13.86 
	48.60 
	11.57 
	19.90 

	9
	Panicle length per plant (cm)
	28.25 
	23.56 
	33.14 
	9.62 
	7.97 
	68.70 
	3.84 
	13.60 

	10
	Number of grains per panicle
	162.21 
	108.69 
	222.28 
	16.19 
	14.99 
	85.70 
	46.36 
	28.58 

	11
	Test weight (gm)
	19.92 
	16.81 
	23.78 
	8.76 
	8.40 
	92.00 
	3.31 
	16.60 

	12
	Leaf area index at maximum tillering stage
	1.81 
	1.19 
	2.82 
	25.54 
	24.57 
	92.50 
	0.88 
	48.69 

	13
	Grain yield per plant (gm)
	20.29 
	11.71 
	35.27 
	30.73 
	29.96 
	95.10 
	12.21 
	60.18 

	14
	Hulling percentage
	78.97 
	75.70 
	81.02 
	1.86 
	1.56 
	70.30 
	2.13 
	2.69 

	15
	Milling percentage
	72.64 
	70.35 
	76.89 
	2.79 
	1.94 
	48.50 
	2.03 
	2.79 

	16
	Head rice recovery
	69.54 
	65.60 
	72.35 
	2.41 
	2.06 
	73.10 
	2.52 
	3.63 

	17
	Kernel length (mm)
	5.45 
	5.09 
	5.97 
	3.43 
	2.91 
	72.00 
	0.28 
	5.08 

	18
	Kernel breadth (mm)
	2.01 
	1.70 
	2.23 
	5.20 
	4.79 
	84.60 
	0.18 
	9.07 

	19
	Kernel L/B ratio
	2.72 
	2.50 
	3.15 
	4.89 
	4.06 
	69.00 
	0.19 
	6.95 

	20
	Kernel length after cooking (mm)
	9.33 
	8.54 
	9.88 
	4.11 
	3.90 
	90.10 
	0.71 
	7.62 

	21
	Kernel breadth after cooking (mm)
	2.93 
	2.60 
	3.29 
	8.10 
	7.07 
	76.00 
	0.37 
	12.69 

	22
	Kernel elongation ratio
	1.71 
	1.57 
	1.85 
	4.22 
	3.47 
	67.40 
	0.10 
	5.87 

	23
	Volume expansion ratio
	4.51 
	3.88 
	5.00 
	7.02 
	6.22 
	78.40 
	0.51 
	11.34 

	24
	Water uptake (ml)
	210.94 
	156.33 
	285.33 
	13.06 
	12.72 
	94.80 
	53.84 
	25.52 

	25
	Gel consistency (mm)
	66.42 
	37.29 
	95.21 
	29.77 
	29.39 
	97.50 
	39.70 
	59.76 

	26
	Alkali spreading value (mm)
	4.34 
	2.50 
	6.22 
	26.80 
	26.33 
	96.60 
	2.31 
	53.31 

	27
	Amylose content (%)
	22.92 
	18.13 
	30.90 
	13.97 
	13.69 
	96.00 
	6.33 
	27.62 

	PCV = Phenotypic coefficient of variation                                                                                                                                               GCV = Genotypic coefficient of variation




Figure 1. Phenotypic Coefficient of Variance (PCV) and Genotypic Coefficient of Variance (GCV) for grain yield, yield component, Physio-chemical and cooking quality trait of 28 F1s and 8 Parents of F1 Ratoon in Rice (Oryza sativa L.)

Figure 2. Genetic parameters (Heritability, Genetic Advance and Genetic Advance as percentage of means) for grain yield, yield component, Physio-chemical and cooking quality trait of 28 F1s and 8 Parents of F1 Ratoon in Rice (Oryza sativa L.)
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