Morphological Characterization and Genetic Diversity Assessment in Rice (Oryza sativa L.) Genotypes Using DUS Descriptor

Abstract
The present investigation was carried out during two consecutive Kharif seasons (2023 and 2024) at the Seed Breeding Farm, Rice Improvement Project, Department of Genetics and Plant Breeding, College of Agriculture, Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur, Madhya Pradesh, India, to assess morphological variability among sixty-nine rice (Oryza sativa L.) genotypes using thirty-two qualitative traits in accordance with the Distinctness, Uniformity, and Stability (DUS) guideline. The study aimed to quantify phenotypic diversity through genotype frequencies, percentage contribution and the Shannon–Weaver Diversity Index (SWDI) and to identify key descriptors useful for varietal distinctness and selection in rice breeding programs. The results revealed considerable variation in several reproductive and panicle-related traits, whereas most vegetative and pigmentation traits exhibited uniform expression. Traits such as leaf auricle, ligule, collar, and stem anthocyanin colouration were monomorphic, showing 100% uniformity with zero diversity (SWDI = 0.00), indicating linkages of the concern gene based on genomic constitution across the genotypes. In contrast, panicle attitude of branches exhibited pronounced polymorphism, with spreading (76.81%), semi-erect to spreading (8.70%) and erect (5.80%) types, and recorded the highest diversity index (SWDI = 0.85). Moderate diversity was observed for lemma pubescence density (strong 82.61%, medium 11.59%; SWDI = 0.57), panicle exertion (well exerted 84.06%, mostly exerted 10.14%; SWDI = 0.54) and grain shape (medium slender 86.96%, long slender 8.70%; SWDI = 0.50). Most genotypes were awnless and exhibited straw-coloured lemma and palea (98.55%), reflecting low variability (SWDI = 0.08). Overall, the SWDI values ranged from 0.00 to 0.85, indicating variable levels of phenotypic diversity across the descriptors studied. Panicle architecture and grain-related traits contributed predominantly to total morphological variation, highlighting their importance as reliable diagnostic characters for DUS characterization. The findings suggest that traits exhibiting higher diversity—particularly panicle attitude of branches, lemma pubescence, panicle exertion and grain shape, can serve as key indicators for genotype identification, varietal protection and selection of diverse parental lines in rice breeding programs aimed at enhancing distinctness and broadening the genetic base of cultivated rice.	Comment by Joao Rufino: Review summary. Exceeded the word count required in the author's guide.	Comment by Joao Rufino: Suggestion:  
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The study aims to evaluate morphological diversity, identify key distinguishing traits, and provide baseline information to aid future breeding and varietal development efforts.
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Introduction 
Rice (Oryza sativa L.) is one of the world’s most important staple food crops, serving as the primary source of nourishment for over half of the global population. Its significance is particularly pronounced in Asia, which accounts for nearly 90% of global rice consumption, making the continent both the major producer and consumer of this vital cereal (Alshiekheid et al., 2023; Futakuchi et al., 2021). Beyond being a dietary staple, rice plays a pivotal role in ensuring food security, supporting rural livelihoods, and sustaining economic stability across several developing and developed countries, especially in South and Southeast Asia.
Botanically, rice is a self-pollinated, diploid monocot belonging to the Poaceae family, possessing a relatively small genome of about 430 Mb distributed across 24 chromosomes (Shakri et al., 2021). The rice grain, or caryopsis, is primarily composed of starchy endosperm, enriched with essential nutrients such as calcium, iron, zinc, potassium, phosphorus, and various vitamins, contributing significantly to global nutritional security (Zafar and Xu, 2023; Fukagawa and Ziska, 2019). The genus Oryza comprises two cultivated species, O. sativa and O. glaberrima along with approximately 20 wild relatives, offering a valuable genetic reservoir for crop improvement and adaptation (Mohapatra and Sahu, 2021; Hamzelou et al., 2020).
Global rice production for the 2024–25 season is projected to reach a record high of approximately 527–539 million tonnes (milled basis), driven by increased output in India, China, Bangladesh, and Indonesia. India is the largest producer, with 2024–25 output estimated at 145–150 million tonnes, driven by high yields and favorable monsoon conditions. India's rice production in 2024-25 reached a record high of 1,501.84 lakh tonnes (approx. 150.18 million tonnes). The national average productivity (yield) is estimated at 2,929 kg/ha (Ministry of Agriculture & Farmers Welfare 2025-26). 
Yields vary from 4,428 kg/ha in Punjab and 3,928 kg/ha in Andhra Pradesh to lower levels in Bihar (2,561 kg/ha) and Uttar Pradesh (2,824 kg/ha). In Madhya Pradesh total acreage of rice cultivation is about 39.93 lakh ha with the total production of 7.80 million tonnes. The productivity of rice in Madhya Pradesh is 2.769 tonnes/ha (FW & ADD M.P. 2023-24).

Major rice-growing states include West Bengal, Uttar Pradesh, Punjab, and Madhya Pradesh. In Madhya Pradesh alone, production ranged from 6.8 to 7.0 million tonnes from 2.4 million hectares, with productivity of 2.6–2.7 tonnes per hectare (Directorate of Economics and Statistics, MP, 2023; CEIC, 2024). These statistics highlight the region’s significant role in India’s rice economy and underscore the need for continued efforts to improve varieties and manage genetic resources.
With the global population projected to reach 9.7 billion by 2050, rice production must increase by nearly 70% to meet future food demands (Yang et al., 2024; Kang and Cho, 2022). Achieving this goal will depend on expanding the genetic base, conserving genetic diversity, and developing high-yielding, climate-resilient varieties through precision breeding and sustainable management practices. In this context, the characterization and utilization of genetic diversity within rice germplasm collections are indispensable.
Morphological characterization remains a fundamental step in varietal identification and genetic improvement. It involves assessing visible phenotypic traits that reflect underlying genetic variability and stability across genotypes. Such characterization provides essential information for both conventional and molecular breeding, forming the basis for selection in hybrid development and crop enhancement programs. In India, the Protection of Plant Varieties and Farmers’ Rights (PPV & FR) Act, 2001, mandates the evaluation of plant varieties for Distinctness, Uniformity, and Stability (DUS). This standardized approach provides a scientific, internationally recognized framework for varietal registration, protection, and differentiation (Prasanna et al., 2024; Singh et al., 2023).
To quantify morphological diversity among rice genotypes, the Shannon–Weaver Diversity Index (H) is a robust measure of phenotypic variability, with higher values indicating greater diversity and genetic richness (Anand et al., 2024; Dickman, 1968). Understanding this diversity is essential for breeding climate-resilient, high-yielding cultivars and ensuring genetic sustainability in rice improvement programs.
Considering these aspects, the present investigation was undertaken to characterize 77 rice genotypes, including five checks, using DUS descriptors. The study aims to evaluate morphological diversity, identify key distinguishing traits, and provide baseline information to aid future breeding and varietal development efforts. This research is particularly relevant in the current scenario, where maintaining genetic diversity and developing superior cultivars are critical to achieving long-term food and nutritional security.
Material and methods 
The experimental material comprised Sixty nine rice (Oryza sativa L.) genotypes, including five checks (JR 206, DRR 45, DRR 48, Kalanamak and Chittimutyalu) obtained from the Rice Improvement Project, Department of Genetics and Plant Breeding, College of Agriculture, Jawaharlal Nehru Krishi Vishwa Vidyalaya (JNKVV), Jabalpur, Madhya Pradesh, India. The genotypes represented diverse breeding lines and germplasm collections maintained under the institutional program aimed at varietal development and genetic enhancement.
The field experiments were conducted at the Seed Breeding Farm, Department of Genetics and Plant Breeding, College of Agriculture, JNKVV, Jabalpur (M.P.). The region falls under the Kymore Plateau and Satpura hills agro-climatic zone, characterized by a subtropical climate with hot summers, moderate rainfall, and mild winters. The experiments were carried out during two consecutive seasons Kharif 2023 and 2024.
The experiment was laid out in a Randomized Complete Block Design (RCBD) with three replications. Each genotype was sown in a four-row plot, maintaining a row length of 4.0 m. The spacing was maintained at 20 cm between rows and 15 cm between plants. Recommended agronomic and plant protection measures were adopted to ensure a healthy crop stand throughout the growing period.
Morphological characterization was conducted based on thirty-two qualitative traits as per the Distinctness, Uniformity, and Stability (DUS) test guidelines for rice, prescribed by the Protection of Plant Varieties and Farmers’ Rights Authority (PPV&FRA), Government of India. Observations were recorded on five randomly selected plants per genotype for traits covering vegetative, culm, flag leaf, panicle, spikelet, and grain characteristics. The data were summarized in terms of genotype frequency, percentage contribution, and the Shannon–Weaver Diversity Index (SWDI) to assess the magnitude of morphological diversity. The qualitative trait data were summarized in terms of frequency and percentage distribution. The Shannon–Weaver Diversity Index (SWDI) was computed to quantify phenotypic diversity for each descriptor using the formula
                                  

	
Where Pi represents the proportion of genotypes in the ith phenotypic class and n denotes the total number of phenotypic classes.
Results and Discussion
The morphological characterization of seventy-seven rice genotypes was conducted using thirty-two qualitative descriptors as prescribed under the Distinctness, Uniformity and Stability (DUS) guidelines. The assessment revealed variable degrees of polymorphism across the evaluated traits, as reflected in genotype frequencies, percentage contributions, and Shannon–Weaver Diversity Index (SWDI) values, indicating the extent of phenotypic diversity among genotypes.
Most vegetative traits demonstrated uniform expression, indicating limited phenotypic variation among the genotypes evaluated. Specifically, leaf auricle, anthocyanin colouration of the auricle, leaf collar, ligule, ligule shape, and ligule colour were monomorphic, with all genotypes expressing these traits (100%) and SWDI values of 0.00. Likewise, stem pigmentation traits, including anthocyanin colouration of nodes and internodes and the intensity of anthocyanin pigmentation, were consistently absent (SWDI = 0.00), indicating their fixation within the germplasm. Comparable monomorphism in vegetative and pigmentation traits was also reported by Priyanga et al. (2020), who observed uniformity for leaf auricle, ligule and ligule shape in 97 rice landraces, and by Komala et al. (2017), who reported similar uniformity for leaf auricle, collar, ligule, and anthocyanin pigmentation of nodes and internodes in advanced breeding lines. Kujur et al. (2017) and Patel et al. (2025) also noted minimal variation in anthocyanin-related traits and leaf morphological descriptors, suggesting that these traits are relatively conserved and thus less effective for genotype differentiation under DUS testing.
Moderate variation in culm attitude was observed, with 92.75% of genotypes erect and 7.25% semi-erect, resulting in an SWDI of 0.26. The flag leaf attitude of the blade at the early stage was uniformly erect (SWDI = 0.00), while at the late stage, 88.41% were erect and 11.59% semi-erect (SWDI = 0.36), showing minor variation. These findings align with the reports of Shrivastava et al. (2015) and Rajana et al. (2011), who identified culm and flag leaf attitude as important distinguishing features among genotypes. Similarly, Singh et al. (2021) emphasised culm attitude and flag leaf posture as key agro-morphological differentiators among indigenous rice germplasm, while Gour (2015) observed semi-erect culm and erect flag leaf posture as dominant expressions in Indian rice cultivars, consistent with the current results.
Lemma pubescence density showed substantial variation, with strong (82.61%), medium (11.59%), and weak (5.80%) categories, resulting in an SWDI of 0.57 and indicating moderate diversity. Anthocyanin pigmentation traits of the lemma, including keel, apex, and area below apex, were nearly uniform, as only one genotype exhibited faint pigmentation (SWDI = 0.08). Stigma colour was uniformly white (SWDI = 0.00). Similar diversity in pubescence was reported by Patel et al. (2025) and Shrivastava et al. (2015), in which pubescence density emerged as a key distinguishing descriptor during DUS evaluation. Komala et al. (2017) also observed variation for lemma anthocyanin traits and stigma colour, though at lower frequencies. In contrast, Kujur et al. (2017) and Priyanga et al. (2020) reported limited variability in pigmentation traits, reinforcing the present observation of near-uniform expression for most anthocyanin-related features.
The panicle-related descriptors showed the greatest phenotypic variability among the studied traits. The panicle curvature of the main axis exhibited variation across dropping (94.20%), semi-straight (1.45%), and deflexed (4.35%) types (SWDI = 0.25). Panicle attitude of branches showed the broadest phenotypic spectrum—erect (5.80%), erect to semi-erect (4.35%), semi-erect (4.35%), semi-erect to spreading (8.70%), and spreading (76.81%)—and recorded the highest SWDI value (0.85), denoting substantial genetic diversity and high discriminatory potential for genotype differentiation under DUS testing. Panicle exertion exhibited moderate variability (SWDI = 0.54) with well-exerted (84.06%), mostly exerted (10.14%), and partly exerted (5.80%) genotypes. Secondary branching was present in all genotypes but differed in intensity—strong (89.86%), weak (5.80%), and clustered (4.35%)—yielding an SWDI of 0.40. Comparable variability in panicle architecture traits has been documented in earlier studies. Shrivastava et al. (2015) and Rajana et al. (2011) identified panicle curvature, exertion, and branching attitude as critical traits for distinguishing rice varieties. Similarly, Patel et al. (2025) observed that the attitude of the flag leaf blade, panicle exertion, and awn distribution contributed significantly to morphological differentiation. Priyanga et al. (2020) classified panicle exertion and awn distribution as trimorphic and dimorphic features, respectively, while Tiwari (2013) and Sharma (2013) highlighted variation in panicle compactness and branching pattern as key indicators of genotypic distinctiveness in advanced lines.
All genotypes were awnless, demonstrating complete uniformity for awn presence, colouration, length, and distribution (SWDI = 0.00). The lemma and palea colouration was predominantly straw (98.55%), with rare occurrences of purple-black (1.45%), indicating low diversity (SWDI = 0.08). However, lemma tip colour exhibited moderate variability—white (88.41%), yellow (10.14%) and brown (1.45%)—with an SWDI value of 0.40. These findings are consistent with Gour (2015) and Patel et al. (2025), who reported that straw lemma and palea colour are predominant in Indian rice germplasm and that there is limited variation in awn traits. Shrivastava et al. (2015), however, documented moderate variation in panicle awn length and awn colour, likely due to a broader genetic base and inter-varietal hybrid backgrounds.
Grain colour was uniformly white in all genotypes (100%), resulting in an SWDI of 0.00. In contrast, grain shape exhibited notable variability, long bold (1.45%), long slender (8.70%), medium slender (86.96%), and short slender (2.90%), with an SWDI of 0.50, signifying considerable phenotypic diversity. Variation in grain morphology has also been emphasised by Rajana et al. (2011), Shrivastava et al. (2015), and Singh et al. (2021) as critical for variety distinctiveness, while Komala et al. (2017) observed similar polymorphism in grain length and width traits among Swarna × Ranbir Basmati derivatives.
Conclusion 
Morphological characterization of sixty-nine rice genotypes using thirty-two DUS descriptors revealed pronounced variability in several reproductive traits, while most vegetative and pigmentation-related characters exhibited uniform expression. Traits such as leaf auricle, ligule, and stem anthocyanin colouration were monomorphic, showing 100% uniformity with zero diversity (SWDI = 0.00), indicating genetic fixation of these characters within the germplasm. In contrast, panicle attitude of branches exhibited substantial variation, with spreading (76.81%), semi-erect to spreading (8.70%), and erect (5.80%) types, and recorded the highest diversity index (SWDI = 0.85).
Moderate diversity was observed for lemma pubescence density (strong 82.61%, medium 11.59%; SWDI = 0.57), panicle exertion (well-exerted 84.06%; SWDI = 0.54), and grain shape (medium slender 86.96%, long slender 8.70%; SWDI = 0.50). These polymorphic traits contributed most to phenotypic differentiation among genotypes and thus serve as key diagnostic descriptors for varietal distinctness, DUS testing, and the identification of diverse parental lines in rice breeding programs aimed at genetic improvement and diversification.
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	S.No.
	Trait
	Category
	Genotype Frequency
	Percent Contribution
	SWDI

	1
	Leaf Auricle
	Present
	77
	100.00
	0.00

	2
	Leaf Anyhocyanin Coloration of Auricle
	Colourless
	77
	100.00
	0.00

	3
	Leaf collar
	Present
	77
	100.00
	0.00

	4
	Leaf anthocyanin colouration of collar
	Absent
	77
	100.00
	0.00

	5
	Leaf Ligule
	Present
	77
	100.00
	0.00

	6
	Leaf shape of ligule
	Split
	77
	100.00
	0.00

	7
	Leaf colour of ligule
	White
	77
	100.00
	0.00

	8
	Culm Attitude
	Erect
	71
	92.21
	0.27

	
	
	Semi-erect
	6
	7.79
	

	9
	Flag leaf attitude of blade (Early)
	Erect
	77
	100.00
	0.00

	10
	Spikelet density of pubsence of lemma
	Medium
	8
	10.39
	0.57

	
	
	Strong
	64
	83.12
	

	
	
	weak
	5
	6.49
	

	11
	Lemma anthocynin colouration of keel
	Absent
	77
	100.00
	0.00

	12
	Lemma anthocynin colouration of area below apex
	Absent
	76
	98.70
	0.07

	
	
	Medium
	1
	1.30
	

	13
	Lemma anthocynin colouration of apex
	Absent
	77
	100.00
	0.00

	14
	Colour of stigma
	White
	77
	100.00
	0.00

	15
	Stem intensity of anthocynin colouration of node
	Absent
	77
	100.00
	0.00

	16
	Stem anthocynin colouration of node
	Absent
	77
	100.00
	0.00

	17
	Stem anthocynin colouration of internode
	Absent
	77
	100.00
	0.00

	18
	Flag leaf attitude of blade (late)
	Erect
	69
	89.61
	0.33

	
	
	Semi-erect
	8
	10.39
	

	19
	Panicle curvature of main axis
	Deflexed
	3
	3.90
	0.37

	
	
	Dropping
	70
	90.91
	

	
	
	semi-straight
	4
	5.19
	

	20
	Spikelet colouration of tip of lemma
	Brown
	1
	1.30
	0.50

	
	
	Purple
	1
	1.30
	

	
	
	White
	66
	85.71
	

	
	
	Yellow
	9
	11.69
	

	21
	Lemma and palea colouration
	Gold
	1
	1.30
	0.14

	
	
	Purple black
	1
	1.30
	

	
	
	Straw
	75
	97.40
	

	22
	Panicle awn
	Absent
	77
	100.00
	0.00

	23
	Panicle colouration of awn
	Absent
	77
	100.00
	0.00

	24
	Panicle length of longest awn
	Absent
	77
	100.00
	0.00

	25
	Panicle distribution of awns
	Absent
	77
	100.00
	0.00

	26
	Panicle presence of secondary branching
	Present
	77
	100.00
	0.00

	27
	Panicle  of secondary branching
	clustered
	3
	3.90
	0.37

	
	
	Strong
	70
	90.91
	

	
	
	Weak
	4
	5.19
	

	28
	Panicle attitude of branches
	Erect
	4
	5.19
	0.85

	
	
	Erect to semi erect
	3
	3.90
	

	
	
	Semi erect
	3
	3.90
	

	
	
	Semi erect to Spreading
	8
	10.39
	

	
	
	Spreading
	59
	76.62
	

	29
	Panicle exertion
	Mostly exerted
	7
	9.09
	0.57

	
	
	Partly exerted
	6
	7.79
	

	
	
	Well exerted
	64
	83.12
	

	30
	Sterile lemma colour
	Golden yellow
	1
	1.30
	0.07

	
	
	Straw
	76
	98.70
	

	31
	Grain color
	Golden yellow
	1
	1.30
	0.07

	
	
	White
	76
	98.70
	

	32
	Grain Shape
	Long bold
	1
	1.30
	0.55

	
	
	long slender
	9
	11.69
	

	
	
	Medium slender
	65
	84.42
	

	
	
	Short slender
	2
	2.60
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