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ABSTRACT 

	
Aims: Submergence a major abiotic factor especially in paddy growing lowland areas, as these regions are prone to flood and submerged conditions. Considering, this as a major factor, the variety Sahyadri Kempumukthi, a National check for red rice, is the popular variety in hilly and transitional zones of Karnataka replacing Jyothi, cultivated on 1.20 L ha of land. It is susceptible to submergence stress. With this background, to make it tolerant, backcross breeding programme was carried out to transfer SUB 1 gene from Swarna Sub 1.
Study design:  Randomized Complete Block Design.
Place and Duration of Study: Department of Genetics of Plant Breeding, ZAHRS Shivamogga, Karnataka, India, Kharif 2024, July 2024 and July 2025.
Methodology: The present study was conducted to screen, 40 backcross derived lines (BC1F3) of cross Sahyadri Kempumukthi × Swarna Sub-1, along with four checks for fourteen yield attributing traits under the design RCBD and screened for submergence tolerance, under the design CRD using artificial submergence tank to create similar submergence condition as that of natural.Top performing 20 lines based on yield performance were evaluated for six quality parameters viz., protein, carbohydrate, Zn, Fe, Cu and Mn.  
Results: The analysis of  variance revealed significant variation among 14 traits in rice, supported by standardized range and coefficients of variation. Correlation study revealed the highest significant positive association of the test weight, spikelet fertility, number of productive tillers with grain yield indicating the effectiveness of indirect selection for these traits in improvement of grain yield per plant. Twenty promising lines were found to be better performing than parents with range of 60 to 87 q/ha. Five Submergence tolerant lines of BC1F4 were identified through phenotypic screening.The Backcross lines K×S-6-2-1 and K×S-11-4-2, showed superior grain yield of  85.38 and 86.45 q/ha, respectively. While K×S -6-2-1 and K×S-12-4-1 were better performing for yield, submergence tolerance and nutritional quality.
Conclusion: Therefore, making these lines precious for selection. These lines are needed to be forwarded to further generations and evaluated under diverse environments to conduct MLTs, and may be proposed for further varietal release programmes.Practical implications by providing good nutritional benefits, along with good yield to farmers in turn adding to their income.




Keywords: (RCBD: Randomised complete Block design,CRD:Completely randomized design,K×S= Sahyadri Kempumukthi× Swarna Sub-1, survival percentage)

1. INTRODUCTION 
	Rice (Oryza sativa L.) is a member of the Gramineae family of grasses. Nearly half of the world's population depends on it as a staple food, making it one of the most significant cereal crops in the world. With around 90% of the world's total production, the Asia Pacific Region leads the globe in rice production. Since over 75% of the world's supply is consumed by people in Asian nations, rice is essential to the region's food security. It is anticipated that as the world's population grows, so too will the demand for rice (Khanal et al, 2024).
In the year, 2023-24, the rice area, production, and productivity in India were 40.73 m.ha,113.38 m.t, and 2.78 t/ha, respectively. Further, area, production, and productivity of rice in Karnataka were 0.849 m.ha, 2.822 m.t, and 3.325 t/ha, respectively during 2023-24.
	The top goals of crop breeding programs are increasing crop production, and quality attributes are still another crucial factor. The degree of genetic variability and diversity in the population largely determines the development of new, high-yielding, and superior rice varieties. Varieties should be developed using parents that are different from one another. There is a vast amount of variety in the germplasm (Zafer et al., 2020).
	Past researches mainly focused on screening the cultivar for submergence, recent days this stress had been considered as a major factor and was counteracted by various Sub-1 gene transfer breeding methods from various donors parents into a well adapted agronomically stable cultivar.

	Further, it is anticipated that area under floods will increase considerably as a consequence of rise in sea level caused by melting of polar ice caps. Hence, the lowland farmers have no other option better than rice, as it is semi aquatic and capable of surviving under submerged conditions as it is capable of overcoming oxygen limitation for a considerable period of time. Under submerged conditions rice manages to survive either by resistance (inherent metabolic adaptations) or by avoidance i.e., by elongation of stem to keep the leaves above water surface (Das et al.,2005).

	Therefore, in the present study, an effort is being made to identify and develop the best genotypes to environmental conditions like submergence, which involves a proper screening  and  evaluation  of the backcross derived lines under  similar environmental  conditions as  that  of  natural  submergence situations under the title Evaluation and Identification of Submergence Resilience in Backcross Progenies of Rice (Oryza sativa L.) is carried out with the objective to estimate genetic variability, character association and path studies for yield attributing traits and also to screen for submergence.

2. material and methods 

	2.1 Plant material
	The present investigation was conducted at Zonal Agricultural and Horticultural Research Station, Navile, Shivamogga under artificially created submergence conditions and the details of material used and methods  adopted during  the course of  investigation on evaluation and identification of Submergence Resilience in Backcross Progenies of Rice (Oryza sativa L.) are furnished below.
Forty BC1F3 Backcross derived lines of rice cross Sahyadri Kempumukthi × Swarna Sub 1 along with  four check varieties viz.,Sahyadri Kempumukthi Sahyadri Jalamukthi ,Swarna Sub-1 and Jyothi ,were collected from the Department of Genetics  and  Plant  Breeding, College  of Agriculture, Shivamogga, Karnataka, India.
	2.2 Field experiment and observations
The experiment was laid out in Randomised Complete Block Design (RCBD) with three replications for testing 40 backcross derived lines of rice with four checks. The seeds of 40 backcross derived lines were sown to raise nursery bed during the month of June,Kharif 2024  at ZAHRS,  Shivamogga, India. Twenty  one days  old  seedlings  were transplanted manually  to  the  main  field  at  the rate of one seedling per  hill  in  RCBD with  three replications by following spacing of 20 cm row to row and 15 cm plant to plant. The recommended package of practices was followed to maintain a healthy and good crop stand. Five plants were randomly selected from each line and labelled for recording the  observations  in  each  treatment. Mean  of  the  observations recorded  on  these  five plants were subjected for statistical analysis. The data of mean value for all the characters were analysed for their variance following Randomized Complete Block Design outlined by Cochran and Cox (1957). Analysis was done using software WINDOSTAT version 9.2 and R software present at Department of Genetics and Plant Breeding, CoA, Shivamogga. 
2.3 Screening for submergence
The experiment was laid out in Completely Randomized Design (CRD) with three replications to evaluate submergence tolerance among backcross derived lines of rice. Twenty seeds from each backcross derived lines were directly sown into the polythene bags during kharif 2024  and was allowed to establish for about 21 days under proper management practices. After 21 DAS, number of plants per entry was recorded along with shoot length and submergence was induced up to a depth of 60 cm for a period of 14 days, under oxygen deficit condition and low light intensity. Immediately after submergence shoot length was recorded. The plants were allowed to recover from submergence and submergence shock for a week. Total number of survived plants per entry was recorded to calculate survival percentage.
	The survival percentage was calculated as with the formula based on Standard Evaluation System for Rice (SES) (Anonymous, 1988)

List 1: IRRI Standard Evaluation System Score

	Score
	Survival percentage %

	1
	100

	3
	95-99

	5
	75-94

	7
	50-74

	9
	0-49



2.4. Quality analysis
2.4.1 Protein Content (Protein content was estimated by using Lowry’s method (Lowry et al. 1951).

 Protein content was estimated by using Lowry’s method (Lowry et al. 1951). 0.1g of sample ( powder, sieved to 80 mesh) was taken and extracted with 10 ml of 0.1 N NaOH. Then centrifuged at 2,500 rpm for 10 min. Supernatant of 0.1 ml was taken and made up to 1 ml with distilled water. Bovine Serum Albumin (BSA) standard solution in an aliquot of 0.1 to 1.0 ml was taken and made up to 1 ml with distilled water. 5 ml of alkaline reagent was added and samples were incubated for 10 min then Folin-Ciocalteaus (FC) reagent of 0.5 ml was added to the samples and incubated in dark chamber for 30 min. Then the absorbance at 660 nm was recorded using spectrophotometer. Protein content was calculated by comparing the O.D. values of the standard with test sample and expressed as g per 100 g (%).
2.4.2 Carbohydrate (Carbohydrate was estimated by using anthrone reagent (Dubios et al, 1956).

Carbohydrate was estimated by using anthrone reagent (Dubios et al., 1956). Here anthrone reagent was used in colour development resulting in blue green solution For this, one gram of sample was crushed in 10 ml of 80 per cent ethanol. The content was centrifuged for 10 minutes at 4000 rpm, the supernatant was made up to volume of 10 ml. 4 ml of the anthrone solution was added to the 0.1 ml of the extract and heated for 10 minutes in a boiling water and allowed to cool at room temperature. The intensity of blue-green colour was measured in UV-VIS spectrophotometer at 625 nm against a magent blank. The sugar content was estimated from a standard curve prepared with known concentration of glucose.

2.2 Estimation of micronutrients (Lindsay and Norvell, 1978)
	About 1 g of powdered grain sample was subjected to pre-digestion with 10 ml of nitric acid in a conical flask overnight after this process the pre-digested sample was subjected to digestion with tri-acid which is a mixture of perchloric acid, nitric acid and sulphuric acid in proportion of 10:4:1 and kept in digestion chamber until white precipitate was left at the bottom of the flask. The volume of digest was made up to 100 ml with distilled water. Prepared mineral solution was fed to the AAS having appropriate hallow cathode lamps after getting values for standard solutions. The per cent elements concentration of micro nutrients, namely iron and zinc were calculated and expressed in ppm.
Micro nutrients [in ppm] (Fe,Zn,Cu,Mn)=(Graph (ppm) X volume of digested sample (100ml)) /(Weight of sample (0.5g))

3. results and discussion

	The  genotypes  that  showed  a  wide  range  of  variation, exhibiting good quality provides an immense scope for selection of superior and desired genotypes by the plant breeders for further crop improvement program in rice. An assessment of heritable and non heritable components of the total variability is a pre-requisite in  adopting suitable breeding  procedure.  The  heritable  portion  of  the  overall  observed  variation  can  be ascertained  by  studying  the  components  of  variation  such  as  coefficients  of  genotypic and phenotypic variability, heritability, predicted  genetic advance and  genetic advance as per cent mean. The low PCV and GCV values were observed for the traits like days to 50 per cent  flowering,  days  to  maturity,   panicle  length, length to breadth ratio. Similar results were reported by Kole et al. (2008), Mina et al. (2011), Lakshmi (2012) for  days  to  50  per  cent  flowering,  Basavaraj  (2013)  for  days  to  50  per  cent  flowering and  days  to  maturity,  Fentie et al. (2014)  for  days  to  maturity  and  panicle  length and Rahul (2016) for days to 50 per cent flowering and days to maturity. The occurance of low estimates of  PCV and GCV indicated that selection based on these traits would not be much rewarding. The  high PCV  and  moderate GCV  values  was  observed  for  number of spikelets per panicle, number of filled grains per panicle, number  of productive tillers per plant. These results were in similarity with those of  Singh et al., (2023) indicating that these traits allow a reasonable scope for the yield improvement through selection owing to their moderate genetic variability.
The high PCV and GCV values were noticed for traits like grain yield per plant. Similar  result  for  grain  yield  per  plant was reported by  Pratap et al. (2012), Ketan and Sarkar (2014), Fentie et al. (2014),Rahul  (2016) and Sowjanya et al. (2021).  
	The estimates of PCV were higher than the corresponding GCV for all the traits under  study. Pandey et  al. (2012)  also  reported  higher  estimates  of  PCV  than  their respective  GCV  for  all  the traits  studied.  However  the  difference  between  PCV  and GCV   were   less   or   these   traits   indicating   the   low   environmental   influence   and predominance of genetic factors controlling variability in these traits in accordance with (Amulya et al. 2023)
Hence  traits  like  number  of  tillers  per  plant ,  number  of  filled  grains  per  panicle,  grain  yield  per  plant, number  of  tillers  per  plant , number of spikelets per panicle and test weight ,  which  showed  high  heritability  with  high  GAM  emerged  as the ideal traits for improvement through selection. These traits also showed moderate to high  values  of  PCV  and  GCV  indicating  that  the  genotypes  with  these  traits  would provide  higher  response  to  selection  due  to  their  high  transmissibility  to  the  next generation as per the Table 1. Genetic  variability  study among  backcross derived lines  of  rice  for  grain yield and its attributing traits
	Backcross derived lines   of   rice   depicted sufficient population variability under normal field condition, according to the analysis of variance (ANOVA), which found significant differences for all characters examined. 
	Table 1 lists  the  genetic  variability  metrics  for  each  of  the 14 traits, including   mean,   range,   phenotypic   coefficient   of   variation   (PCV),   genotypic coefficient of variation (GCV), heritability (in the broad sense) and genetic advance as per cent  mean (GAM).Days to 50  per cent  flowering was found to be ranging from 83.00 to 99.00 days with a mean of 89.8 days. Jyothi was earliest to flower at 86 days. K×S-7-2-5 and K×S-9-2-4   was the earliest to flower at 83-84 days, respectively and K×S-10-3-3 was late to flower at 99 days. Low PCV and GCV of 5.28 and 4.37 per cent was recorded respectively with high heritability of 68.59 per cent and low genetic advance as per cent mean of 7.46.Mean days to maturity Was 133.13 days and found to be of range 122.00 to 145.00 days.  Jyothi was the earliest to mature at 126 days, K×S-9-2-4, K×S-3-2-3 and K×S-5-2-3 were the lines to mature early at 122-125 days. while K×S-11-2-1, K×S-12-4-1 had late maturity at 143 days. The low PCV and GCV of 4.89 and 4.83 per cent was observed respectively. A high heritability estimates of  97.4 per cent with low GAM of  9.82 per cent was found.	It was revealed that the plant height significantly differed among backcross derived lines. Plant height had a range from 98.00 cm to 153.40 cm with the mean value of 127.94 cm.   Jyothi exhibited  minimum  height  of 98 cm, K×S-11-2-1 shown to be shortest of 106.6 cm  and K×S-4-4-1 recorded maximum height of 148.4 cm. The low PCV and GCV of 7.48 and 6.82 per cent was found respectively. This trait recorded high heritability of 83.16 per cent and moderate GAM of  12.81  per cent.Number  of  tillers  per  plant  significantly  differed  among backcross derived lines with a range of 11.80 to 24.20 and a mean value of 17.52.The lowest number of tillers per plant, i.e.,11.8  , were recorded by K×S-5-2-4 and the highest number of tillers was recorded by K×S-2-1-1, with 24.2 tillers per plant. Phenotypic and genotypic coefficients of variability recorded were 18.06 and 16.72 per cent, respectively. High genetic advance as per cent mean of 31.89 and high heritability of 85.69 per cent were recorded.Number of productive tillers per plant significantly  differed among backcross derived lines of  rice with  a  range  of  9.00 to 29.60 and  a  mean  value  of 15.62.  The lowest number of tillers of nine  per plant was recorded by K×S-9-3-2 and the highest number  of  tillers was recorded by K×S-11-2-1 with 29.6  tillers  per  plant. High phenotypic  and  moderate genotypic  coefficients  of 21.76 and  12.65 per  cent was observed respectively. Moderate genetic advance as per cent mean of  15.16 and moderate heritability of 33.82 per cent was observed.A wide range of variability was exhibited by the panicle length among backcross derived lines. It was ranging from 22.60 to 33.20 cm with a mean value of 27.90 cm. K×S-12-4-1 exhibited the  highest panicle length of 33.20 cm and lowest by K×S-9-3-1 with 22.6 cm. Low PCV of 8.12 and low GCV of 6.23 per cent  respectively was exhibited by the trait coupled with moderate heritability of 58.85 per cent  and low GAM of 9.84 per cent  was recorded.Number of spikelets per panicle had exhibited wide variability. High PCV and moderate GCV of 23.13 and 18.48 per cent respectively was recorded for the trait coupled with  high  heritability  of  63.84 per cent and  high  GAM  of 30.42 per cent. The  mean value of  190.47 was recorded with the range of 104.70 to 318.80. The genotype K×S-1-3-5 exhibited a minimum number of 104.70 grains per panicle, whereas K×S-5-2-3 had a maximum number of 318.80 grains per panicle.High PCV and low GCV of 23.43 and 19.24 per cent  respectively was observed for the trait number of filled grains per panicle coupled with high heritability of 65.71 per cent and high GAM of 32.13 per cent. Variability was found more with the mean value of 176.69 recorded and the range of 97.39 to 293.18. The genotype K×S-1-3-5 exhibited a minimum number of 97.39 filled grains per panicle, whereas K×S-8-1-3 had a maximum number of 293.18 filled grains per panicle.	Spikelet fertility ranged from 83.58 to 97.17 per cent. The mean spikelet fertility value was found to be 92.68 per cent. The highest spikelet fertility was found to  be  97.17,  exhibited  by Sahyadri Jalamukthi and the lowest spikelet fertility  of 83.58 was exhibited by K×S-9-3-2. Low PCV and GCV of 3.16 and 3.12,  respectively  were recorded by  the  trait spikelet fertility  with  a  high  heritability  of 97.60 per cent. Low genetic advance as per cent mean of 6.38 was exhibited by the trait.
	Test weight had a range from 13.84 to 32.50 grams, with a mean of  27.41  grams.  K×S-8-3-1 had recorded the lowest  test  weight  of  13.84 grams  and K×S-4-3-5 recorded the highest test weight of 32.50 grams. Moderate PCV of 18.04 and GCV of 17.68 with high heritability of 96.06 per cent and high GAM of 35.69 was found for this character.	Length breadth ratio had a range of 2.61 to 4.32. The mean length breadth ratio was found to be 3.06. The highest length breadth ratio was exhibited by K×S-12-4-1 (4.32) and the lowest was by K×S-1-3-5 (2.61). The trait exhibited low GCV and PCV 7.58 and 8.73, respectively, with a high heritability of 74.50  per cent. Moderate genetic advance as per cent mean of 13.47 was observed.Grain  yield  per  plant  significantly  varied,  with  the  range  of 31.40 to 79.80  grams  with a mean of  50.42 grams. The lowest grain yield of 31.40 grams was recorded by K×S-6-4-2, and the highest grain  yield of 79.80 grams was recorded by K×S-6-2-1. The trait showed a high PCV of 21.45 and high GCV of 20.56. Heritability was high, with a value of 91.90 per cent and a high GAM of 40.61 was obtained.
3.1  Correlation of grain yield with other characters	
	A  significant  positive  association  was found  between  grain  yield  with test weight, whereas,  days to 50 per cent flowering, days to maturity, plant height, number of tillers per plant , number of productive tillers per plant, panicle length, number of spikelets per panicle, spikelet fertility, number of filled grains per panicle has  showed positive  non-significant  association  with  grain  yield, in accordance with Akhila et al. (2025), Anjum et al. (2019), Bhor et al. (2020) and Vennelea et al. (2021).  Hence  selection  of  these  traits would  be  rewarding  during  yield  improvement  programs. Other  traits  like  length to breadth ratio had   exhibited   non-significant   negative association  with  grain  yield.  Pleiotropy  or  linkage  may  be  the  genetic  cause  for negative association. When three traits show negative correlation, it would be difficult to take up simultaneous selection for these traits in development of a variety, as shown in the Table 2.

Top 20, promising high yielding lines were identified among 40 genotypes by phenotypically recording of observations, contributing to yield parameter of a genotype, like number of productive tillers per plant, number of tillers per plant, panicle length, grain yield per plant. They were found to be better performing than agronomically stable high yielding cultivar, Sahyadri Kempumukthi. Grain yield per plant was found to have a significant and positive association with test weight  (r=0.22), and non-significant positive correlation with number of productive tillers per plant (r=0.088), panicle length (r=0.034), number  of spikelets per  panicle (r= 0.093), number of filled grains per panicle (r =0.1132), and spikelet fertility (r=0.173). In contrast, a non-significant negative correlation was found for length to breadth ratio (r=-0.099).
3.2  Path coefficient analysis
Path coefficient analysis revealed that number of tillers per plant followed by number of productive tillers per plant, days to 50 per cent flowering, days to maturity, panicle length, number of spikelets per panicle, spikelet fertility, length to breadth ratio and test weight showed the highest positive direct effect and also exhibited positive correlation  according to (Ketan and Sarkar, 2014) with  grain  yield  at  phenotypic  level  indicating  that,  consideration  of  these traits  as  selection  criteria  in  yield  improvement  programs  will  reflect  to  the  overall improvement  of  the  grain  yield.  Similar  findings  were  also  reported  by  Kole et al. (2008), Laxuman et al. (2011), Sadeghi (2011), Meena et al. (2016) and Rajesh et al. (2016)  ,  whereas  number  of  filled grains per  panicle  followed  by  plant height, number of panicles per plant had the highest negative direct effect were in accordance with Prashanth et al., (2024). Even though the direct effect of this trait was negative, it seems to be the most  potential  trait  to  be  targeted  by  the  breeder  for  improving  the  grain  yield  as  it exerts indirect effect  via., other component traits.
	Highest  positive  indirect  effect  was  exerted  by  number of spikelets per panicle, through number of filled grains per panicle followed by test weight, number of productive tillers per plant, number of tillers per plant, on number of panicles per plant.  A moderate  positive indirect  effect  was  exhibited  by  spikelet fertility via., number of productive tillers per plant followed by number of filled grains per panicle, number of tillers per plant, as shown in Table 3. Grain yield is typically governed by multiple genes, direct selection for increased yield can often negatively impact other related traits. To better understand how various agro morphological traits influence grain yield, researchers divided these influences into direct and indirect effects. This approach provides clear guidance on which traits to focus on for improving grain yield per plant. The path analysis exploring the relationship between grain yield and related traits was conducted and the findings are summarized in Table 3
3.3 Identification of superior yielding genotypes among backcross derived lines of rice.
	K×S-6-2-1, K×S-11-4-2, K×S-9-3-2, K×S-4-1-3, K×S-3-1-3, K×S-9-2-4, K×S-10-4-1, K×S-7-2-5, K×S-4-3-2, K×S-4-2-4, K×S-6-3-1, K×S-9-1-3, K×S-8-1-3, K×S-3-3-1, K×S-3-1-1, K×S-2-1-1, K×S-1-3-1, K×S-11-2-1, K×S-12-4-1, K×S-10-3-3 were found to give yield for about 86.45 q/ha, 85.38 q/ha, 83.02 q/ha, 77.34 q/ha, 74.98 q/ha, 73.56 q/ha, 74.27 q/ha, 65.99 q/ha, 65.28 q/ha, 65.04 q/ha, 64.10 q/ha, 63.62 q/ha, 63.39 q/ha, 65.75 q/ha, 63.86 q/ha, 62.68 q/ha, 63.15 q/ha, 66.70 q/ha, 71.19 q/ha, respectively. In comparison with checks like Sahayadri Jalamukthi and Sahyadri Kempumukthi, which are also the parents of of these progenies found to yield 60.07 q/ha and 60.78 q/ha, respectively.

3.4 Assessment of nutritional quality in Top performing Backcross derived lines of rice
	
	K×S-1-3-5, K×S-2-2-1, K×S-7-2-5, K×S-5-3-1, K×S-13-1-3, were found to be composed of 153.8 ppm, 142 ppm, 142.2 ppm, 149.8 ppm, and 153.6 ppm of Fe. These lines not only were found to be composed of high Fe content, but also the values were proximal to Sahyadri Kempumukthi which was composed of 144.6 ppm of Fe.
K×S-2-2-1, K×S-2-5-1, K×S-6-2-1, K×S-12-4-1, K×S-2-3-1, were found to be composed of 11.57 %, 11.96 %, 10.75 %, 11.63 %, 10.66 % protein content, than the protein rich check Sahyadri Kempumukthi composed of 12.14 %.
K×S-1-2-2, K×S-1-3-5, K×S-2-2-1, K×S-11-2-1, K×S-10-3-3 were found to be composed of high micronutrient (Fe, Zn, Cu, Mn) content than the checks, as shown in Table 4.
Top performing lines with high quality gave a better outcome to the research, in identifying superior yielding genotypes, for further selection in the use as better donor parents.
Selection of desirable genotypes mainly depends on screening.The per cent survival of plants revealed that maximum survival per centage was recorded in Sahyadri Jalamukthi, and Swarna sub1 taken for investigation whereas the lowest survival per centage was recorded in Jyothi as it is susceptible to submergence.
3.5 Screening of backcross derived lines for submergence tolerance
	Srivatsava et al. (2007),Sarkar  and  Bhattacharjee  (2011),  Ranawake et  al. (2014)  and  Aparajitha  (2015)  reported  the  similar  results  where  FR13A  and  Swarna sub1  showed  higher  survival  per centage  and  stood  as  the  most  tolerant  genotypes  to submergence  owing  to  the  presence  of  Sub1  gene. Among  the other  genotypes  taken under present investigation, which  showed survival per centage  ranging  from 75-94.
Out of 40 genotypes and four checks, five lines were found to be submergent tolerant, identified from the phenotypic evaluation.
Table 5 gives the list of genotypes survived, out of which check Swarna sub-1 found to be highly submergence stress tolerant with survival per centage of 91.30, and followed by Sahyadri Jalamukthi, another submergence tolerant variety.
	There were some backcross derived lines found to be submergent tolerant as like checks showed survival per centage of  range 75-94, with score 5. 

Table 1. Genetic variability parameters for yield and related traits among backcross derived lines of rice
	SI No.
	Traits
	Mean
	Range
	GA
	Coefficient of variation
	h2 (bs) %
	GAM
(%)

	
	
	
	Min
	Max
	
	GCV(%)
	PCV(%)
	
	

	1
	Days to 50% Flowering
	89.84
	83.00
	99.00
	6.70
	4.37
	5.28
	68.59
	7.46

	2
	Days to maturity
	133.13
	122.00
	145.00
	13.07
	4.83
	4.89
	97.40
	9.82

	3
	Plant Height (cm)
	127.94
	98.00
	153.40
	16.39
	6.82
	7.48
	83.16
	12.81

	4
	Number of tillers per plant
	17.52
	11.80
	24.20
	5.59
	16.72
	18.06
	85.69
	31.89

	5
	Number of Productive tillers per plant
	15.62
	9.00
	29.60
	2.37
	12.65
	21.76
	33.82
	15.16

	6
	Number of Panicles per plant
	15.57
	9.00
	29.60
	2.41
	12.86
	22.05
	34.04
	15.46

	7
	Panicle length (cm)
	27.90
	22.60
	33.20
	2.75
	6.23
	8.12
	58.85
	9.84

	8
	Number of spikelets per panicle
	190.47
	104.70
	318.80
	57.94
	18.48
	23.13
	63.84
	30.42

	9
	Spikelet fertility (%)
	92.68
	83.58
	97.17
	5.89
	3.12
	3.16
	97.60
	6.36

	10
	Number of filled grains per panicle
	176.69
	97.39
	293.18
	56.78
	19.24
	23.43
	65.71
	32.13

	11
	1000 grain weight (g)
	27.41
	13.84
	32.50
	9.78
	17.68
	18.04
	96.06
	35.69

	12
	Grain yield per plant (g)
	50.42
	31.40
	79.80
	20.48
	20.56
	21.45
	91.90
	40.61

	13
	Length Breadth ratio
	3.06
	2.61
	4.32
	0.41
	7.58
	8.73
	74.50
	13.47

	14
	Grain Yield kg/ha
	5946.59
	3264.16
	8645.68
	2421.53
	19.93
	20.84
	91.37
	39.23




Table 2.   Phenotypic correlation for grain yield and yield related traits in backcross derived lines of rice
	
	DFF
	DM
	PH
	NTP
	NPTP
	NPP
	PL
	NSP
	SF
	NFP
	TW
	L/B
	GYP

	DFF
	1.000
	
	
	
	
	
	
	
	
	
	
	
	

	DM
	0.5866**
	1.000
	
	
	
	
	
	
	
	
	
	
	

	PH
	0.1685
	0.1553
	1.000
	
	
	
	
	
	
	
	
	
	

	NTP
	-0.1349
	0.0346
	-0.2317*
	1.000
	
	
	
	
	
	
	
	
	

	NPTP
	-0.0029
	0.1153
	-0.2382*
	0.7863**
	1.000
	
	
	
	
	
	
	
	

	NPP
	-0.0039
	0.1152
	-0.2504*
	0.7864**
	0.9982**
	1.000
	
	
	
	
	
	
	

	PL
	0.1046
	0.3439**
	0.1743
	0.3214**
	0.2216*
	0.2191*
	1.000
	
	
	
	
	
	

	NSP
	0.0983
	0.2685*
	0.2792**
	-0.2137*
	-0.1528
	-0.1549
	-0.0489
	1.000
	
	
	
	
	

	SF
	0.1062
	0.0105
	0.1961
	-0.0984
	0.0394
	0.027
	0.0444
	0.131
	1.000
	
	
	
	

	NFP
	0.1183
	0.272*
	0.2995**
	-0.2225*
	-0.1414
	-0.1453
	-0.0453
	0.9892**
	0.2702*
	1.000
	
	
	

	TW
	-0.1741
	-0.3734**
	0.0032
	-0.0045
	-0.0219
	-0.0274
	-0.1885
	-0.6369**
	-0.0909
	-0.6387**
	1.000
	
	

	L/B
	-0.2043
	0.034
	-0.1688
	0.1561
	0.136
	0.1348
	0.0907
	0.1902*
	-0.0273
	0.1812
	-0.3861**
	1.000
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	0.0693
	0.1202
	0.0856
	0.1331
	0.0878
	0.0798
	0.0375
	0.0936
	0.1733
	0.1132
	0.2151*
	-0.0992
	1.000


Where, 
*, ** Significant at 5% and 1% respectively.
DFF- Days to 50 per cent flowering, NPTP- Number of productive tillers per plant, SF- Spikelet fertility (%), NFP-Number of filled grains per panicle, DM- Days to maturity, PL- Panicle length (cm), GYP - Grain yield per plant (g), NPP- Number of panicles per plant, PH- Plant height (cm), NSP- Number of spikelets per panicle, LB- Length to breadth ratio of grain, NTP- Number of tillers per plant,TW- Test weight (g), GYP kg/ha- Grain yield kg/ha

Table 3.   Phenotypic Path matrix for grain yield and yield related traits in backcross derived lines of rice
	 
	DFF
	DM
	PH
	NTP
	NPTP
	NPP
	PL
	NSP
	SF
	NFP
	TW
	L/B
	r value

	DFF
	0.05275
	0.12364
	-0.0175
	-0.04899
	-0.0013
	0.00243
	0.00300
	0.09055
	0.02952
	-0.05324
	-0.11001
	-0.00156
	0.06930

	DM
	0.03094
	0.21078
	-0.01613
	0.01257
	0.05166
	-0.0718
	0.00987
	0.24734
	0.00292
	-0.12241
	-0.23580
	0.00026
	0.12020

	PH
	0.00889
	0.03273
	-0.10388
	-0.08415
	-0.10673
	0.15607
	0.00501
	0.25720
	0.05452
	-0.13478
	0.00202
	-0.00129
	0.08560

	NTP
	-0.00712
	0.00729
	0.02407
	0.36319
	0.35231
	-0.49014
	0.00923
	-0.19686
	-0.02736
	0.10013
	-0.00284
	0.00120
	0.13310

	NPTP
	-0.00015
	0.0243
	0.02474
	0.28557
	0.44806
	-0.62214
	0.00637
	-0.14076
	0.01098
	0.06363
	-0.01383
	0.00103
	0.08780

	NPP
	-0.00021
	0.02428
	0.02601
	0.28561
	0.44725
	-0.62327
	0.00629
	-0.14279
	0.00751
	0.06539
	-0.01730
	0.00102
	0.07980

	PL
	0.00551
	0.07249
	-0.01812
	0.11673
	0.09933
	-0.13662
	0.02871
	-0.04505
	0.01232
	0.02039
	-0.11897
	0.00068
	0.03750

	NSP
	0.00519
	0.05659
	-0.0290
	-0.07761
	-0.06846
	0.09661
	-0.0014
	0.92120
	0.03642
	-0.44517
	-0.40219
	0.00145
	0.09360

	SF
	0.00560
	0.00221
	-0.02037
	-0.03574
	0.01770
	-0.01683
	0.00127
	0.12068
	0.27798
	-0.12160
	-0.05740
	-0.00021
	0.17330

	NFP
	0.00624
	0.05733
	-0.03111
	-0.08081
	-0.06336
	0.09056
	-0.0013
	0.91125
	0.07512
	-0.45003
	-0.40207
	0.00138
	0.11320

	TW
	-0.00919
	-0.07870
	-0.00033
	-0.00163
	-0.00981
	0.01708
	-0.00541
	-0.58671
	-0.02527
	0.28654
	0.63149
	-0.00294
	0.21510

	L/B
	-0.01080
	0.00719
	0.01757
	0.05702
	0.06053
	-0.08339
	0.00258
	0.1753
	-0.00751
	-0.08155
	-0.24369
	0.00755
	-0.09920


Residual effect : 0.4235, r = correlation coefficient of component traits with grain yield per plant
*, ** Significant at 5% and 1% respectively.
DFF- Days to 50 per cent flowering, NPTP- Number of productive tillers per plant, SF- Spikelet fertility (%), NFP-Number of filled grains per panicle, DM- Days to maturity, PL- Panicle length (cm), GYP - Grain yield per plant (g), NPP- Number of panicles per plant, PH- Plant height (cm), NSP- Number of spikelets per panicle, LB- Length to breadth ratio of grain, NTP- Number of tillers per plant,TW- Test weight (g), GYP kg/ha- Grain yield kg/ha
Table 4. Grain nutritional quality parameters of top high yielding backcross derived lines of rice
	Sl.No.
	Backcross (BC1F4) Derived Progenies
	Filial Generation
	Protein content (g per 100g)
	Carbohydrate content (g/100g)
	Fe (ppm)
	Cu (ppm)
	Zn (ppm)
	Mn (ppm)

	1
	K×S-1-2-2
	BC1F4
	9.66
	59.73
	129.2
	7.8
	22.0
	46.6

	2
	K×S-1-3-5
	BC1F4
	8.91
	86.50
	153.8
	4.6
	25.8
	61.2

	3
	K×S-2-1-1
	BC1F4
	5.13
	58.64
	117.8
	7.2
	21.6
	49.0

	4
	K×S-2-3-1
	BC1F4
	10.66
	34.19
	128.4
	2.8
	19.0
	35.0

	5
	K×S-2-2-1
	BC1F4
	11.57
	62.90
	142.0
	8.0
	23.8
	73.4

	6
	K×S-2-5-1
	BC1F4
	11.96
	55.26
	129.8
	3.0
	20.0
	53.6

	7
	K×S-4-1-3
	BC1F4
	10.33
	75.77
	129.2
	4.8
	17.0
	32.2

	8
	K×S-4-4-1
	BC1F4
	6.90
	46.74
	45.6
	Traces
	11.8
	33.0
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	K×S-6-2-1
	BC1F4
	10.75
	70.43
	86.0
	6.8
	18.4
	63.4

	10
	K×S-8-1-3
	BC1F4
	9.13
	56.89
	139.4
	Traces
	0.8
	75.6

	11
	K×S-9-3-2
	BC1F4
	6.66
	64.53
	116.8
	4.0
	2.0
	64.8

	12
	K×S-7-2-5
	BC1F4
	9.34
	46.96
	142.2
	3.2
	19.4
	44.0

	13
	K×S-5-3-1
	BC1F4
	8.25
	74.25
	149.8
	3.2
	16.2
	33.2

	14
	K×S-11-4-2
	BC1F4
	9.52
	68.24
	139.0
	2.0
	20.2
	47.8

	15
	K×S-11-2-1
	BC1F4
	9.35
	77.96
	153.6
	3.2
	21.6
	55.0

	16
	K×S-11-3-2
	BC1F4
	5.25
	27.10
	137.0
	5.4
	20.2
	50.4

	17
	K×S-12-4-1
	BC1F4
	11.63
	59.73
	78.2
	3.8
	28.4
	77.4

	18
	K×S-13-1-3
	BC1F4
	7.83
	37.69
	143.8
	4.4
	17.2
	43.4

	19
	K×S-10-4-1
	BC1F4
	8.77
	59.08
	72.2
	5.8
	20.6
	40.8

	20
	K×S-10-3-3
	BC1F4
	7.77
	30.59
	138.2
	8.0
	23.8
	69.2

	21
	Jyothi
	BC1F4
	7.85
	48.49
	107.2
	Traces
	16.6
	57.2

	22
	Sahyadri Jalamukthi
	BC1F4
	7.71
	51.32
	132.8
	1.2
	19.4
	25.8

	23
	Sahyadri Kempumukthi
	BC1F4
	12.14
	43.91
	144.6
	3.4
	21.0
	72.9

	24
	Swarna Sub 1
	BC1F4
	8.83
	54.06
	86.0
	traces
	14.2
	46.4


Note: K×S: Sahyadri Kempumukthi×Swarna Sub 1
*indicates submergent tolerant lines

[bookmark: _GoBack]Table 5.  List of backcross derived lines of rice survived under submergence

	Sl. No
	Genotypes
	Score
	Overall Survival percentage %
	Stem elongation percentage

	1
	K×S-1-3-1 
	5
	81.82
	22.00

	22
	K×S-6-2-1 
	5
	86.36
	30.83

	36
	K×S-11-3-2 
	5
	78.26
	20.69

	37
	K×S-12-4-1 
	5
	77.27
	24.53

	39
	K×S-10-4-1 
	5
	63.64
	23.17

	44
	Swarna Sub-1 (Check)
	1
	91.30
	23.27

	42
	S.Jalamukthi (Check)
	5
	85.00
	27.46

	43
	S.Kempumukthi (Check)
	9
	0.00
	61.21

	41
	Jyothi (Check)
	9
	0.00
	72.86






4. Conclusion

Forty backcross derived lines were used for experiment along with four checks for genetic variability, character association studies among yield and its contributing traits. The analysis of variance showed significant differences for all the traits investigated, depicting the presence of genetic variability among the genotypes.
	Genetic variability studies revealed moderate to high PCV and GCV along with high heritability and high genetic advance as per cent mean for most of the characters viz., number of tillers per plant, number of productive tillers per plant, number of panicles per plant, number of spikelet per panicle, number of filled grains per panicle, test weight and grain yield. Characters like days to 50 per cent flowering, days to maturity, plant height, spikelet fertility were exhibiting high heritability and low GAM. High heritability and genetic advance are mainly because of additive gene action indicating a better opportunity for the selection to be effective in traits like number of tillers per plant, number of spikelet’s per panicle, number of filled grains per panicle, test weight, length to breadth ratio and grain yield per plant.
The trait grain yield per plant had positive correlation with most of the traits, indicating improvement in these traits can help exceed the grain yield per plant.
	Days to 50 per cent flowering, days to maturity, number of tillers per plant, number of productive tillers per plant, number of spikelet’s per panicle, panicle length, test weight, length to breadth ratio showed positive and direct effect on grain yield per plant from the path analysis. Therefore, selection and improvement of these traits would lead to better breeding strategies.
Twenty genotypes were seen to be top performing, out of forty than checks in terms of yield. Out of which Five lines were found to be submergent tolerant, K×S-6-2-1, K×S-2-2-1, K×S-12-4-1, K×S-2-5-1 exhibiting good performance even in the nutritional quality than the checks used. to explicitly mention whether the identified lines have been statistically superior to checks across both yield and stress tolerance traits and found to be statistically superior to checks across yield and stress tolerance traits.

Future line of work
· Based on the results drawn from present research study, the future line of work is proposed as given below:
· Identified superior performing lines for high yield and submergence tolerance can be forwarded for stabilization under diverse environments through MLTs.
· The identified stable line can be used for hybridization programme.
· Molecular confirmation for presence of three SUB 1 loci, gave a precious way to go for selection of these screened genotypes and can be proceeded to various varietal release programmes.
· The lines comprising of good nutritional quality can be used as good source of diet, in eradicating malnutrition, and is suitable for selection in further breeding trials.
· These lines can be used as donor parents.
· Nutritional quality has to be properly validated under proximate screening, nutrigenomic study can also be carried out, to know its nutritional function through a gene and can be further transferred to other relevant varieties, for further improvement.
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