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


Abstract:

The analysis of variance of in the ratoon of 28 F1s along with 8 parents showed 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.  	Comment by Microsoft account: Please recast this sentence	Comment by Microsoft account: 
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INTRODUCTION

[bookmark: _GoBack]Rice (Oryza sativa L., 2n=24) is the most staple food crop Asia. World wide 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 consumes about 90% of the world’s rice production. In India rice area under cultivation is about 47.83 million ha with production of 150.04 million tonnes and productivity of 2,838 kg ha-1 (Indiastat, 2022-23). In view of the current situation of food insecurity, out of the various approaches contemplated to enhance rice productivity, exploitation of hybrid vigour was considered to be more programmatic and practically feasible technology as evidenced by the Chinese success story of 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 (4, 16 and 17). Emphasis is being diverted towards the maximum utilization of land by producing more rice yield per unit area per unit time for which very early maturing rice varieties are one of the reliable sources. There is also an urgent need to improve different traits related to grain yield (9, 18 and 24). It is also a practical tool in exploiting the ability of the plants to regenerate after harvest. Considerable progress has been made in the field of genetics of quantitative and qualitative traits in this crop, but not must had been accomplished with regard to inheritance of ratooning ability. It is imperative that enhanced ratoon rice crop yield is totally dependent upon the ratooning ability (4, 9, 16 and 21). An understanding of the nature of gene action governing the economic traits is of primary importance because the type of breeding procedure to be adopted for genetic improvement in a crop mainly depends on the relative magnitude of the additive, dominance and epistatic gene effects. Rice ratoon cropping systems on a commercial scale have not been developed in tropical Asia chiefly because of a lack of cultivars specially suited to ratoon cropping and with built-in resistance to insect pests and diseases, and because of lack of appropriate agronomic practices (4. 17 and 24). Varietal differences also exist with respect to emergence of ratoon tillers from different nodes of the stubbles. Hence, the present investigation was undertaken to study the ratoonability through diallel analysis to understand the ratoonability trait properly by screening of 28 F1 crosses along with their 8 parents  in diallel design for further improvement of early rice. In order to support future breeding programs for yield enhancement through expanding the genetic base and genetic recombination, the knowledge of genetic variation in yield contributing character is essential. However, the success of any breeding programme depends upon the magnitude of genetic variability present in the population. The magnitude of total variability in the population was determined genetic variability studies which includes genotypic coefficient of variation (GCV), phenotypic coefficient of variation (PCV), heritability, genetic advance and genetic advance as percent mean (GAM). Variation so observed is the sum estimate of genetic and environmental factors, of which variation caused by the effect of genetic variability alone is heritable. Wider range of genetic variability helps in selecting desired genotypes. In addition to the genetic variability, knowledge on heritability and genetic advance helps the breeder to employ the suitable breeding strategy. Therefore, it is necessary to have knowledge of genetic variability, heritability and genetic advance that is present in the available genetic material.	Comment by Microsoft account: Excessive description of fundamental genetic variability concepts, poor grammatical organization, repetition of variability concepts, unclear research gap, insufficient synthesis of recent ratoon rice literature, and lack of a clear rationale for investigating ratoon F1 in particular.
	Comment by Microsoft account: Add a paragraph or some infomations on what is unknown about ratoon f1 variability? Why this population is important, shorten theoretical discussion, strengthen review of recent ratoon rice studies and lastly with a perfect objective statement.

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 Statio (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. 	Comment by Microsoft account: Explain rationale behind the   selection criteria for these parents (e.g., contrasting traits for yield or ratoonability). State why important for this study.	Comment by Microsoft account: You should clearly describe the study area,  the environmental conditions under which the experiment was conducted (e.g., soil type, temperature range, rainfall, and seasonal conditions). Similarly, more information on crop management practices, including fertilizer application, irrigation pattern  and pest/disease control measures, would improve reproducibility.
Observations were recorded on ten randomly selected plants in each replication for 27 characters, consisting of 10 yield attributing characters viz., 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 (gm), leaf area index at maximum tillering stage, grain yield per plant; However, in ratoon F1 crop, additionally another 3 traits contributing for ratoonability, were recorded viz., number of ratoon tillers as percentage of main crop tiller, number of vegetative buds after the harvest of main crop, number of ratoon ear bearing tillers as percentage of main crop ear bearing tillers, 6 physical traits such as hulling per cent, milling per cent, head rice recovery per cent, kernel length (mm), kernel breadth (mm), L/B ratio; and 8 cooking quality traits such as 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. Collected data were subjected to statistical analysis using diallel fashion as suggested by Griffing (1956) without reciprocals i.e., (Method-2, Model II). The success of any crop improvement programme relay upon the  genetic variability available in the population. Selection of genotype or parents may not be desirable until unless the population deserves with wider range of genetic variability. The knowledge only on estimates of heritability is not sufficient for an effective selection, along with heritability, genetic advance if studied might be more useful for  the breeder to employ the suitable breeding strategy. Hence keeping in view of these parameter the present investigation was done on genetic variability, heritability and genetic advance present in the available genetic material.	Comment by Microsoft account: Theoretical explanation is repeated (it should be in the Introduction); the parent list has duplication (MTU-1064 repeated); the following are not clearly described: soil type; fertiliser management; irrigation schedule; stubble height for rationing; statistical formulas for GCV and PCV; heritability

Genetic variability together with the heritability estimates would give a better idea on the amount of genetic gain expected out of selection (Burton, 1952 and 1953). Further, the magnitude of heritable variability is the most important aspect, which has close relationship with response to selection. Heritability estimates along with genetic advance are more helpful in predicting the gain under selection than heritability estimates alone. However, it is not necessary that a character showing high heritability will always exhibit high genetic advance (Johanson et al., 1955).	Comment by Microsoft account: You should state the statistical software used for data analysis (e.g., SAS, R, SPSS, WINDOSTAT, etc.), including the version
In the present investigation, the analysis of variance revealed significant differences among the genotypes for all the characters indicating a high degree of variability in the material (Table 1). The PCV values are slightly higher than the GCV values and the difference between them is indicating the little role of environment in the expression of these traits and the heritability studies, genetic advance and genetic advance as percentage of mean are been detailed in the Table 2 and 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 crops depends on the magnitude of genetic variation and heritability of characters. A wide range of phenotypic coefficient of variation (1.86 to 30.73 %) and genotypic coefficient of variation (1.56 to 29.96 %) was recorded for 27 traits studied (Table 2 Fig. 1). In the current investigation, estimation of genetic parameters revealed that the phenotypic co-efficient variation (PCV) was slightly higher than the genotypic co-efficient variation (GCV) for 27 traits studied, indicated that all ratoon F1’s and parents are interacted with environment. But, the slight variance between GCV and PCV, gives evidence of variability existing among the genotypes was mostly due to presence of genetic makeup. Similar observations for morphological traits were reported by [1, 5, 10 and 19]. In existing study, high variability was observed for grain yield per plant (g), gel consistency (mm) and alkali spreading value (mm). The remaining traits such as total number of tillers, number of ratoon tillers as percentage of main crop tillers, number of ear bearing tillers per plant, number of ratoon ear bearing tillers as percentage of main crop ear bearing tillers, number of grains per panicle, leaf area index at maximum tillering stage, water uptake (ml), amylose content (%)  recorded moderate GCV and PCV (i.e., range between 10-20%). The moderate GCV and PCV specifies the presence of relatively moderate variability for these traits, which could be exploited for development by selection in advanced generations, these results are in agreement with [6, 11, 20, 22 and 23]. 

Low GCV and PCV (i.e < 10%) was recorded for the traits, days to 50% flowering, days to maturity, plant height, number of vegetative buds after the harvest of main crop, panicle length per plant (cm), test weight (g), hulling per cent (%), milling per cent (%), head rice recovery per cent (%), kernel length (mm), kernel breadth (mm), kernel length (l)/breadth (b) ratio, kernel length after cooking (mm), kernel breadth after cooking, kernel elongation ratio and volume expansion ratio. Low GCV and PCV estimation of traits was noticed for milling per cent by [6, 12, 13 and 19]. Lower GCV and PCV results specifies narrow genetic base for these traits. Hence, hybridization or induced mutagenesis are required to widen genetic base followed by pedigree selection for the improvement for these characters.

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). 	Comment by Microsoft account: Inconsistency: The text specifies 24 qualities in some places but 27 in others. Contradictions in heritability classification: leaf area index categorised as moderate (92.50%) actually high, volume expansion ratio (78.40%) described as low, some GA% numbers appear inconsistent (e.g., LAI GA% 48.69% recorded as moderate), and interpretation is repeated. Are expressions such as "very high variability" not statistically defined? To ensure consistency in trait statistics, appropriately reclassify heritability groups as low (<30%), moderate (30-60%), or high (>60%), avoid overestimation, and present significant findings clearly.


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 in conjuction with moderate genetic advance as per cent of mean was reported in number of number of ratoon tillers as percentage of main crop tillers, number of ratoon ear bearing tillers as percentage of main crop ear bearing tillers and leaf area index at maximum tillering stage, indicated the predominance of non-additive gene action. While high heritability and low genetic advance as per cent of mean was found in days to 50% flowering , hulling per cent, milling per cent, head rice recovery per cent, kernel length, kernel breadth, kernel length (l)/breadth (b) ratio, kernel length after cooking, kernel elongation ratio and volume expansion ratio, indicated the role of non-additive gene action in governing the inheritance of this character. Moderate heitability coupled with low genetic advance as percentage of mean was reported in total number of tillers per plant, indicated the operation of both additive and non-additive gene actions in the inheritance of this trait and the desired results may not be obtained by simple selection. Where as number of vegetative buds after the harvest of main crop encounted low hetitability with low genetic advance as percentage of mean indicated that the character is highly influenced by environmental effects and selection would be ineffective. Heritability is being exhibited due to favourable influence of environmental rather than genotypic and selection for such traits may not be rewarding and offers the scope for improvement through simple selection [1, 5, 12, 19 and 22]. 	Comment by Microsoft account: Discussion mostly repeats data, limited comparison with current ratoon rice experiments, overinterpretation of additive vs non-additive gene action, and no explanation for: Why is grain yield so variable? Why are quality features so heritable? There is no biological explanation. 2. Broad-sense heretability, additive gene action, and environmental interaction cannot be disregarded only based on tiny PCV-GCV differences. The single-environment study limits generalisation

 
CONCLUSION 

Genetic variability is the prerequisite for any crop improvement programme in aspect of economically important yield attributing, physicochemical and quality traits.   The analysis of variance (ANOVA) of 28 F1s ratoons along with 8 parents showed significant differences for 10 yield traits [viz., days to 50% flowering,  days to maturity, plant height (cm), total number of tillers per plant, number of ear bearing tillers per plant, panical length, number of grains per plant, test weight (gm), leaf area index at maximum tillering stage, grain yield per plant], However, in ratoon F1 crop, additionally another 3 traits contributing for ratoonability, were recorded viz., number of ratoon tillers as percentage of main crop tiller, number of vegetative buds after the harvest of main crop, number of ratoon ear bearing tillers as percentage of main crop ear bearing tillers, 6 physical traits [viz., hulling per cent, milling per cent, head rice recovery per cent, kernel length (mm), kernel breadth (mm), L/B ratio] and 8 biochemical and cooking characters [viz., 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 are higher than the genotypic coefficient of variation (GCV) values and the difference between them indicated that the little role of environment in the expression of these traits. A wide range of PCV (1.86  to 30.73%) and GCV (1.56 to 29.96%) was resulted for 27 traits. The presence of higher PCV and GCV 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. The presence of high scale of PCV and GCV for observed traits suggested having better possibility for the enhancement through simple selection procedure. From the study it was found that 28 ratoon F1s crosses along with their 8 parents had adequate amounts of variability for yield associated traits and physico-chemical quality traits. 

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.	Comment by Microsoft account: There are no clearly defined practical breeding effects. It should be concise. Emphasise key traits with high heritability. Characteristics useful for early-generation selection. Add recommendation, Multi-environment testing required.


REFERENCES
1. Barhate, K. K., Jadhav, M. S. and Bhavsar, V. V. 2021. Genetic variability, heritability and genetic advance in aromatic lines of rice (Oryza sativa L.). Journal of  Pharmacognosy and Phytochemistry. 10(3): 360-362.

2. Burton G.W and Devane C.H. 1953. Estimating heritability in tall fescue (Festuca arundinacea) from replicated clonel material. Agron Journal. 45: 514-518.

3. Burton G.W. Quantitative inheritance in grasses. 1952. Proceeding of International Grassland Congress. 1: 277-283. 

4. Chakrawarti, N., Borgohain, R., & Verma, R. 2022. Genetic variability studies in rice (Oryza sativa L.) genotypes of Assam for ratooning ability and perennation. The Indian Journal of Agricultural Sciences. 92(11): 1321–1325

5. Devi, K.R., Chandra B.S, Hari Y., Prasad K.R., Lingaiah N., Rao P.J.M. 2020. Genetic Divergence and Variability Studies for Yield and Quality Traits in Elite Rice (Oryza sativa L.). Genotypes. Current Journal of Applied Science and Technology. 39(18): 29-43.

6. Garkoti, P and Pandey, D.P. 2022. Study on gene action and combining ability for yield and its attributes in upland rice lines of Himachal Pradesh. Journal of Cereal  Research. 14(1): 137-143.
7. Griffing, B. 1956. A generalized treatment of diallel crosses in quantitative inheritance. Heredity. 10: 31-50.

8. Griffing, B. 1956. Concept of general and specific combining ability in relation to diallel crossing systems. Australian Journal of Biological Sciences. 9 (4): 463 - 493. 

9. Gunturi Alekhya, Gundreddy Rajareddy, Sibananda Darjee, A Anil Kumar and Anil Kumar ST. 2024. Approach for Resource-efficient and Sustainable Practice for Promising Future of Rice. International Journal of Environment and Climate Change. 14(9): 424-436

10. Gupta P, Verma O, Verma R, Gupta R, Singh V, Jyoti K, Yadav R. 2020. Heritability and genetic advance analysis using generation mean analysis in rice (Oryza sativa L.)  under sodic soil. Journal of Pharmacognosy and Phytochemistry. 9(5): 1471-1475.

11. Hasan-Ud-Daula H and Sarker U. 2020. Variability, heritability, character association, and path coefficient analysis in advanced breeding lines of rice (Oryza sativa L.). Genetika. 52(2): 711-726.

12. Hima Bindu P., Sundaram R.M., Shiva Prasad G., Damodar Raju C.H and Sumalini K. 2024. Studies on Genetic Variability and Heritability in Rice Genotypes (Oryza sativa L.) under Salinity. Journal of Advances in Biology & Biotechnology. 27(10): 1007-1016.

13. Hrishikesh Ojah., Pranab Talukdar., Padminee Das., Pompy Deka and Mrinal Choudhury. 2025. Combining Ability and Heterosis Analysis for Some Physio morphological Traits in Rice (Oryza sativa L.). Journal of Global Agriculture and Ecology.  17 (3): 36-47.

14. https://www.indiastat.com/table/agriculture/production-paddy-india-2022-23.

15. Johnson H.W., Robinson H.F and Comstock R.E. 1955. Estimates of genetic and environmental variability in soybeans. Agronomy Journal. 47(7): 314- 318. 

16. Kazuki Saito, Elliott Ronald Dossou-Yovo and Ali Ibrahim. 2024. Ratoon rice research: Review and prospect for the tropics. Field Crops Research. 314: 109414

17. Manish Kumar Maurya, Anjan Sarma, Gariyashi Tamuly, Vineet Kumar Shukla, Pratishruti Behera, Sarat Sekhar Bora and Banothu Chakravarthi. 2023. Rice Ratooning: A Pioneering Strategy for Enhancing Rice Productivity and Embracing Climate Change Adaptation and Mitigation. International Journal of Plant & Soil Science. 35(20): 1047-1059.

18. Neha Chakrawarti, Rupam Borgohain and Rajshree Verma. 2022. Genetic variability studies in rice (Oryza sativa L.) genotypes of Assam for ratooning ability and perennation. Indian Journal of Agricultural Sciences.  92(11): 1321–1325.

19. Nusrat Jan and Subhash C Kashyap. 2020. Studies on variability, heritability and genetic gain for quality traits in rice. Journal of Pharmacognosy and Phytochemistry.  9(3): 537-540.

20. Ramakrishna, T., Swarnalatha Devi, I., Shiva prasad, D., Shankar, M and Supriya D. 2024. Understanding Gene Action and Combining Ability in Rice (Oryza sativa L.) A Line × Tester Analysis Approach. Journal of Advances in Biology & Biotechnology. 27 (12): 663-672.

21. Shutaro Shiraki,  Kywae,  Thura, Lae Lae Mon,  Thin Mar Cho,  Kyaw yaing,  Nwe Ni, May That Oo, Loon Poe Poe, Aung kyaw Thu. 2024. The general ratooning ability of rice yield-related traits: A meta-analysis. Agronomy Journal.116: 504–519.

22. Swapnil, Prasad K, Chakraborty M, Singh D, Kumari P, Ekka J. 2020. Genetic variability, correlation and path coefficient studies in F2 generation of rice (Oryza sativa L.). International Journal of Chemical Studies. 8(4): 3116-3120. 

23. Vinod Kumar Naik M., Arumugam Pillai and Saravanan, S. 2020. Genetic variability studies in F1 rice (Oryza sativa L.) hybrids for yield and quality traits. The Journal of Phytopharmacology. 9(6): 453-458.

24. Wenge Wu, Zhong Li, Min Xi, Debao Tu, Youzun Xu, Yongjin Zhou and Zhixing Zhang. 2023. Ratoon Rice System of Production: A Rapid Growth Pattern of Multiple Cropping in China: A Review. Plants. 12: 3446.























	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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