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	ABSRACT 
[bookmark: _Hlk229678539][bookmark: _Hlk229679211]	Rice (Oryza sativa L.) is the staple crop for more than half of the world’s population and serves as a major dietary energy. However, polished rice grains are often deficient in essential Micronutrient such as iron (Fe), zinc (Zn) and protein. Therefore, identification of genotypes possessing superior nutritional quality traits is important for rice bio-fortification programmes. To evaluate the extent of variability and the relationship among nutritional traits in rice landraces. Thirteen nutritional and grain quality traits were evaluated for genetic parameters. High GCV and PCV estimates were observed Fe content in polished rice (FEP), single plant yield (SPY) and Fe content in brown rice (FEB), indicating the existence of substantial variability among the genotypes. High heritability couples with high GAM were observed for SPY, FEB, ZNB and FEP, suggesting the predominance of additive gene action and possibility of improvement through direct selection. Correlation analysis revealed significant positive correlation between Zn content and Fe content in brown rice, protein content in brown rice with protein content in polished rice. The results indicated the presence of considerable variability for nutritional traits among the rice traditional genotypes, which can be effectively, utilized in future breeding programmes aimed at developing nutrient-rice rich varieties. 
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INTRODUCTION 
Rice (Oryza sativa L.) is one of the most important cereal crops cultivated globally and acts as the staple food for a large proportion of the population, particularly in Asian countries. Although rice provides a major share of caloric intake, polished rice grains are generally poor in essential micronutrients such as iron, zinc and protein. Deficiency of these nutrients causes severe health problems including anemia, impaired immune function, poor growth, and developmental disorders in humans. Therefore, enhancement of grain nutritional quality has become one of the major objectives in rice improvement programmes (Deepika et al. 2025). 
Bio-fortification through plant breeding is considered an economical and sustainable approach to combat micronutrient malnutrition. Identification of genetically diverse rice genotypes possessing superior nutritional is a prerequisite for successful breeding programmes. Estimation of variability parameters, including the genotypic coefficient of variation (GCV), phenotypic coefficient of variation (PCV), heritability, and genetic advance, yields important insights into the magnitude and nature of variability present within breeding material (Abbaspour et al. 2014; Bouis et al. 2010).
Correlation analysis among quality traits also helps in understanding the interrelationship between nutritional components and grain quality parameters. Such information facilities indirect selection for desirable traits and aids breeders in developing nutritionally superior cultivars. Several researchers have reported substantial variability for grain nutritional traits in rice germplasm. Significant associations among grain iron, zinc and protein content and yield-related traits also been documented in earlier studies. Therefore, the present investigation was carried out to assess the variability and association among nutritional quality traits in rice genotypes.
	MATERIAL ND METHODS 
	The research was conducted using a set of 50 landraces presented in Table 1 were raised in Randomized Block Design (RBD) with 2 replications at Tamil Nadu Rice Research Inistitute (TRRI), Aduthurai, during Kharif 2022. The transplanted 25 days after sowing as two seedlings per hill with a spacing of 20 x 20cm. Data was recorded on yield and nutritional quality traits, namely, Single plant yield (SPY), Kernel length (KL), kernel breadth (KB), length-to-breadth ratio (L/B%), hulling percentage (H%), milling percentage (M%), head rice recovery (HRR%), iron content in brown rice (FEB) and polished rice (FEP), zinc content in brown rice (ZNB) and polished rice (ZNP), as well as protein content in brown rice (PCB) and polished rice (PCP).
	Estimation of grain Fe and Zn content 
	Each plant was harvested individually and its grain nutritional composition was subsequently analysed. The required quantity of seeds was de-husked and milled using a non-metallic de-husker (Krishi International 810 de-husker) at the Grain Quality Laboratory, Tamil Nadu Rice Research Institute, Aduthurai, Tamil Nadu. The samples were polished for 30–45 seconds and then cleaned with tissue paper. Only intact, full grains free from any foreign material were selected for analysis. Iron and zinc concentrations in brown rice samples were determined using a non-destructive energy-dispersive X-ray fluorescence (ED-XRF) spectrometer (Hitachi X-Supreme), in accordance with HarvestPlus guidelines (Stangoulis et al., 2007; Deepika et al., 2025). Each brown rice sample (5 g) was accurately weighed and transferred into sample cups. The cups were gently shaken to ensure uniform distribution of the material and subsequently prepared for analysis. The concentrations of grain iron and zinc were expressed as milligrams per kilogram (mg kg⁻¹), equivalent to parts per million (ppm) of grain weight.
	Estimation of grain protein content
	Estimating grain protein content using Near-Infrared (NIR) spectroscopy involves scanning samples to absorbance at specific wavelengths (900-2500nm). Grain samples are cleaned to remove impurities, dust and damaged kernels. Samples were ground into fine power using laboratory mill. Samples are placed on a sample compartment and the NIR analyser passes near-infrared light on the samples and device measure the reflected or absorbed light, which is affected by molecular bonds (Sharma et al., 2025).
	RESULTS AND DISCUSSION 
	Single plant yield (SPY) exhibited a wide range from 15.80 to 36.54g with a grand mean of 27.05g. The relatively higher range observed for SPY indicated the existence of appreciable variability among the genotypes. Kernel length (KL) ranged from 5.00 to 7.05mm with a mean value of 6.41mm, whereas kernel breadth (KB) ranged between 1.60 to 3.37 mm with a mean of 2.25mm. The length/breadth ratio (L/B%) recorded ranging from 1.87 to 4.24 with mean value of 2.88, suggesting the presence of diverse grain types among the rice landraces. Hulling percentage (H%) varied from 75.75 to 95.44 with a grand mean of 84.80, while milling percentage (M%) ranged between 60.71 and 81.62 with a mean of 75.38. Head rice recovery (HRR%) ranged from 43.23 to 65.63 with a mean value of 56.06. These variations indicate differences in grain processing quality among the evaluated genotypes. Iron content in brown rice (FEB) ranged from 7.13 to 16.72 mg kg-1 with a mean value of 11.31 mg kg-1, while iron content in polished rice (FEP) ranged from 2.41 to 6.93 mg kg-1 with a mean off 4.46 mg kg-1. Zinc content in brown rice (ZNB) varied from 13.32 to 33.57 mg kg-1 with a grand mean of 22.25 mg kg-1.  Whereas, zinc content in polished rice (ZNP) ranged between 11.30 and 24.60 mg kg-1 with a mean of 16.45 mg kg-1. The wide range observed for iron and zinc content indicated significant variability for micronutrient accumulation among the rice landraces. Protein content in brown rice (PCB) ranged from 7.10 to 15.10 percent with a mean value of 10.71 percent, while protein content in polished rice (PCP) ranged from 6.30 to 1160 percent with a mean value of 8.39 percent. The observed variation for protein content suggested the possibility of identifying nutritionally superior genotypes for future breeding programmes. The standard error of mean (SEm), critical difference at 5% (CD%) and critical difference at 1% (CD%) values further confirmed the existence of statistically significant differences among the genotypes for the studied traits. Overall, the results demonstrated the presence of sufficient variability among the rice landraces for yield, grain quality, and nutritional traits, thereby providing ample scope for selection and genetic improvement. The results were confirmed with Abdelsalam et al. (2025), Gogoi et al. (2024), Deepika et al. (2025), and Jasmine et al. (2022)
[bookmark: _Hlk229686536]	Variability Studies 
The variability parameters for nutritional quality traits are presented in Table 2. Considerable variability was observed among the studied traits, indicating the presence of sufficient genetic diversity among the rice genotypes. Single plant yield (SPY) recorded a wide range from 15.80 to 36.54 with mean value of 27.05. High GCV (16.50 %) and PCV (17.33%) were for SPY, indicating substantial variability for the trait. High heritability (90.66%) coupled with high genetic advance as per cent of mean (32.37%) suggested that additive gene action played an important role in the inheritance of this trait. Kernel length exhibited moderate GCV (12.16%) and PCV (12.94%) along with high heritability (88.26%) and GAM (23.53%). Kernel breadth also recorded moderate GCV and PCV values with relatively high heritability (74.67%). Similar observations were made for length/breadth ratio. Hulling percentage and milling percentage showed comparatively low GCV and PCV values, indicating limited variability for thesetraits. However, milling percentage recorded high heritability (87.38%), suggesting the effectiveness of selection. Head rice recovery exhibited moderate variability with GCV and PCV values of 7.70% and 8.54% respectively. High heritability (81.42%) and moderate GAM (14.33%) indicated that improvement through selection is possible. Iron content in brown rice (FEB) and iron content in polished rice (FEP) recorded high GCV and PCV values. Particularly, FEP showed very high GCV (27.82%) and PCV (29.18%) along with high heritability (90.86%) and GZM (54.62%). These results indicated the presence of substantial genetic variability and the predominance of additive gene action. Similarly, zinc content in brown rice (ZNB) and zinc content in polished rice (ZNP) exhibited moderate to high variability with high heritability estimates. Protein content in brown rice (PCB) and polished in rice (PCP) also recorded moderate variability with high heritability. The high heritability coupled with high GAM observed for SPY, FEB, FEP, ZNB and PCP indicated that direct selection for these traits would be effective in improving nutritional quality in rice (Arunkumar et al. 2025, Shridevi et al. 2025, Paramanik et al. 2023 and Jasmine et al. 2022). 
[bookmark: _Hlk229686585]Correlation Analysis 
Correlation coefficients among nutritional quality traits are presented in Table 3. Single plant yield (SPY) exhibited a non-significant association with most of the traits studied. However, SPY showed a significant negative correlation with head rice recovery (HRR) (-0.29*), indicating that improvement in yield may adversely affect head rice recovery in certain genotypes. A weak negative association was also observed between SPY and zinc content in polished rice (ZNP) (-0.19). Kernel length (KL) showed significant positive association with kernel breadth (KB) (0.47***). Milling percentage (M%) (0.33**) and length/breadth ratio (L/B) (0.44**). This indicated that genotypes possessing longer grains also tended to exhibit superior milling quality and grain dominations. Kernel breadth exhibited a highly significant negative association with L/B ratio (-0.57****), which is expected due to the inverse relationship between these grain shape parameters. Hulling percentage (H%) showed positive but non-significant association with milling percentage and micronutrient traits. Milling percentage (M%) recorded a strong positive correlation with hulling percentage (0.68****), indicating that efficient hulling contributes significantly toward improved milling recovery. Head rice recovery (HRR) exhibited positive association with iron content in brown rice (FEB) (0.22), while negative correlation were observed with protein content in brown rice (PCB) (-0.20) and single plant yield (-0.29*). These findings suggested that selection for better grain recovery should be balanced carefully with yield improvement. Among the micronutrient traits, iron content in polished rice (FEP) exhibited positive association with kernel breadth, hulling percentage, and milling percentage, although the correlations were non-significant. Zinc content in brown rice (ZNb) showed a highly significant positive correlation with iron content, indicating the possibility of simulataneous improvement of both micronutrients through breeding programmes aimed at delveloping nutritionally enriched rice varieties. Zinc content in polished rice is exhibited weak positive association with most of the quality traits. Protein content in polished rice (PCP) showed a highly significant positive correlation with PCB (0.51***), suggesting that genotypes with higher protein in brown rice also maintained comparatively higher protein levels after polishing. The same results finding with Shridevi et al. 2025, Paramanik et al. (2023), Jasmine et al. (2022) and Madhubindhu et al. (2020).
Overall, the correlation analysis indicated that several nutritional traits were positively associated with one another, particularly iron and zinc content, which is advantage for rice bio-fortification programmes aimed at simultaneous enhancement of multiple micronutrients. 
	CONCLUSION 
	The present investigation revealed the existence of genetic variability among rice genotypes for nutritional quality traits, indicating their potential utility in rice bio-fortification programmes. High heritability coupled with high genetic advance for traits such as single plant yield, Fe content and n content in brown rice, Fe content in polished rice suggested the predominance of additive gene action and effectiveness of direct selection. Significant positive associations among important nutritional traits indicated the possibility of simultaneous improvement of micronutrient content through breeding approaches. Therefore, the identified nutritionally superior genotypes can serve as valuable genetic resources for the development of nutrient-rich rice varieties aimed at combating micronutrient malnutrition. 

Abbreviations: Single plant yield (SPY), Kernel length (KL), Kernel Breadth (KB), Length to breadth ratio (L/B%), Hulling percentage (H%), Milling percentage (M%), Head rice recovery (HRR%), Iron content in brown rice (FEB), Iron content in polished rice (FEP), Zinc content in brown rice (ZNB), Zinc content in polished rice (ZNP), Protein content in brown rice (PCB), Protein content in polished rice (PCP). 
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Table 1 :List of Rice landraces used in the study 
	   S.No
	       Genotypes
	S.No
	     Genotypes
	S.No
	     Genotypes

	1. 
	Aanaikomban
	21.
	IllupaipooSamba
	41.
	Kandhasali

	2. 
	Aathurkichadisamba
	22.
	Indiansamba
	42.
	Karikajanavalli

	3. 
	Adukkan
	23.
	IravaiPandi
	43.
	Karikardiderum

	4. 
	Altera
	24.
	Irunaazhi
	44.
	Karimbalan

	5. 
	Athira
	25.
	JaiSriRam
	45.
	Karnel

	6. 
	Athurkichadi
	26.
	Jeya
	46.
	Karundasamba

	7. 
	Bavani
	27.
	Jyothi
	47.
	Karunguruvai

	8. 
	Chenellu
	28.
	Kaan
	48.
	Karuppukavuni

	9. 
	Chinkinikar
	29.
	Kattuponni
	49.
	Karuppunel

	10. 
	Chinnaadukkunel
	30.
	kaatusamba
	50.
	Karuthakar

	11. 
	Chinnar
	31.
	Kaivarasamba
	
	

	12. 
	Chinthamani
	32.
	Kalanamak
	
	

	13. 
	ChithiraiKar
	33.
	Kalapathiblack
	
	

	14. 
	Chittimutyalu
	34.
	Kalavai
	
	

	15. 
	Edakkal
	35.
	Kaliyansamba
	
	

	16. 
	Gandakasala
	36.
	Kallimadaiyan
	
	

	17. 
	Ganga
	37.
	Kallrandaikar
	
	

	18. 
	GEB-24
	38.
	Kallundai
	
	

	19. 
	Gedumani
	39.
	Kalyani
	
	

	20. 
	Gopalbhog
	40.
	Kanchana
	

	


Table 2 : Variability analysis of nutritional traits of 50 rice landraces 
	Traits
	Max
	Min
	SEm
	CD5%
	CD1%
	GM
	GCV
	PCV
	HBS
	GA
	GAM(%)

	SPY
	36.5444
	15.8000
	0.8275
	2.3230
	3.0755
	27.0599
	16.5040
	17.3331
	0.9066
	8.7598
	32.3719

	KL
	9.0504
	5.0000
	0.1641
	0.4606
	0.6098
	6.4096
	12.1602
	12.9437
	0.8826
	1.5084
	23.5334

	KB
	3.3774
	1.6000
	0.0978
	0.2744
	0.3633
	2.2536
	12.9063
	14.9359
	0.7467
	0.5178
	22.9762

	L/B%
	4.2384
	1.8738
	0.1361
	0.3821
	0.5059
	2.8849
	12.7457
	15.1413
	0.7086
	0.6376
	22.1015

	H%
	95.4372
	75.7467
	1.3762
	3.8633
	5.1149
	84.8017
	3.3818
	4.3975
	0.5914
	4.5432
	5.3574

	M%
	81.6155
	60.7140
	0.8474
	2.3789
	3.1495
	75.3814
	5.1238
	5.4813
	0.8738
	7.4376
	9.8666

	HRR%
	65.6289
	43.2323
	1.1918
	3.3456
	4.4294
	56.0558
	7.7090
	8.5434
	0.8142
	8.0325
	14.3295

	FEB
	16.7233
	7.1284
	0.3785
	1.0624
	1.4065
	11.3104
	18.5341
	19.4191
	0.9109
	4.1215
	36.4398

	FEP
	6.9295
	2.4069
	0.2272
	0.6379
	0.8445
	4.4596
	27.8221
	29.1882
	0.9086
	2.4363
	54.6299

	ZNB
	33.5694
	13.3168
	0.4248
	1.1925
	1.5788
	22.2516
	17.7712
	18.0763
	0.9665
	8.0086
	35.9912

	ZNP
	24.6000
	11.3037
	0.4240
	1.1903
	1.5759
	16.4487
	12.9935
	13.7393
	0.8944
	4.1638
	25.3139

	PCB
	15.1041
	7.1000
	0.2057
	0.5773
	0.7643
	10.7131
	10.9928
	11.4847
	0.9162
	2.3221
	21.6754

	PCP
	11.6000
	6.3000
	0.2329
	0.6537
	0.8655
	8.3950
	12.6372
	13.5170
	0.8737
	2.0428
	24.3334


Single plant yield (SPY), Kernel length (KL), Kernel Breadth (KB), Length to breadth ratio (L/B%), Hulling percentage (H%), Milling percentage (M%), Head rice recovery (HRR%), Iron content in brown rice (FEB), Iron content in polished rice (FEP), Zinc content in brown rice (ZNB), Zinc content in polished rice (ZNP), Protein content in brown rice (PCB), Protein content in polished rice (PCP). 




Table 3 : Correlation studies on nutritionals traits of 50 rice landraces
	
	SPY
	KL
	KB
	L.B%
	H%
	M%
	HRR%
	FEB
	FEP
	ZNB
	ZNP
	PCB

	KL
	0.00
	
	
	
	
	
	
	
	
	
	
	

	KB
	-0.08
	0.47***
	
	
	
	
	
	
	
	
	
	

	L.B%
	0.09
	0.44**
	-0.57****
	
	
	
	
	
	
	
	
	

	H%
	0.06
	0.25
	-0.02
	0.22
	
	
	
	
	
	
	
	

	M%
	-0.11
	0.33*
	0.20
	0.09
	0.68****
	
	
	
	
	
	
	

	HRR%
	-0.29*
	0.05
	-0.04
	0.11
	-0.03
	0.22
	
	
	
	
	
	

	FEB
	0.07
	0.21
	0.06
	0.17
	0.14
	0.20
	0.10
	
	
	
	
	

	FEP
	-0.12
	0.22
	0.17
	0.01
	0.21
	0.12
	0.02
	-0.01
	
	
	
	

	ZNB
	0.15
	0.20
	0.19
	0.02
	0.09
	0.26
	0.16
	0.79****
	0.09
	
	
	

	ZNP
	-0.19
	0.18
	0.21
	-0.08
	-0.12
	0.00
	-0.07
	0.02
	0.03
	0.04
	
	

	PCB
	0.02
	0.12
	0.15
	-0.02
	-0.22
	-0.08
	-0.20
	-0.26
	-0.05
	-0.16
	0.03
	

	PCP
	0.14
	-0.12
	0.12
	-0.22
	-0.04
	-0.15
	-0.31*
	0.01
	-0.20
	-0.08
	0.10
	0.51***


     Significance levels: p < .0001 '****'; p < .001 '***', p < .01 '**', p < .05 '*'
Single plant yield (SPY), Kernel length (KL), Kernel Breadth (KB), Length to breadth ratio (L/B%), Hulling percentage (H%), Milling percentage (M%), Head rice recovery (HRR%), Iron content in brown rice (FEB), Iron content in polished rice (FEP), Zinc content in brown rice (ZNB), Zinc content in polished rice (ZNP), Protein content in brown rice (PCB), Protein content in polished rice (PCP). 



