


Agro-Morphological Characterization of Rice Accessions for Drought Tolerance Assessment
Abstract
The present investigation was undertaken to characterize 200 rice germplasm accessions, along with seven checks including drought responsive checks, for visually assessed DUS (Distinctness, Uniformity and Stability) traits. The 207 entries were evaluated during Kharif 2020 in an Augmented Design with four blocks at the Research cum Instructional Farm, Department of Genetics and Plant Breeding, College of Agriculture, Indira Gandhi Krishi Vishwavidyalaya, Raipur (Chhattisgarh), at a spacing of 20 cm × 15 cm with the recommended package of practices. Observations were recorded on twenty-four DUS descriptors. Of these, one descriptor (shape of ligule) was monomorphic, nine were dimorphic and fourteen were polymorphic. Basal leaf: sheath colour, hull colour and kernel colour were the most variable descriptors, as they exhibited several distinct expression states. Unique accessions such as IC390636 (aromatic) and IC516693 (red lemma) were identified, which may be useful as donors and in candidate variety development.
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Introduction
Rice (Oryza sativa L.) feeds a larger share of humanity than any other cereal and is central to food and nutritional security across Asia, where it shapes local economies, diets and cultural practices (Mohidem et al., 2022). Much of the crop has traditionally been grown under flooded conditions, with standing water maintained through most of the season. Erratic rainfall and recurrent drought now pose a serious threat to this system. Water deficit affects the rice plant at every stage of growth, reducing biomass, delaying flowering and maturity and lowering grain yield, with the reproductive phase being the most sensitive (Hassan et al., 2023). Tolerance to drought is governed by a complex network of morphological, physiological and molecular responses (Geng et al., 2024), and traits such as delayed leaf senescence (stay-green) and early seedling vigour have been identified as useful targets for adaptation to water-limited environments (Kamal et al., 2019; Zhao et al., 2021). Developing high-yielding, drought-tolerant cultivars therefore remains a priority, and a systematic description of the available germplasm is the first step towards identifying suitable donors.
Morphological characterization also establishes the identity and distinctness of genotypes. In India, a new variety can be registered under the Protection of Plant Varieties and Farmers’ Rights (PPV&FR) Act, 2001 only when it meets the criteria of novelty, distinctiveness, uniformity and stability. The descriptors used for this purpose are harmonised with the UPOV test guidelines for rice (UPOV, 2020), and they have been applied successfully to distinguish released varieties, mutant lines and landraces (Avinash et al., 2019; Priyanga et al., 2020; Tiwari et al., 2023; Ivin Subakar Johnny & Anbuselvam, 2025). Against this background, the present study was undertaken to characterize 200 rice accessions for visually assessed DUS traits and to assess the extent of variability among them.
Materials and Methods
Experimental material and design
The experimental material comprised 200 rice accessions acquired through the Department of Biotechnology (DBT), New Delhi, along with seven checks, viz., Annada, Swarna, Dagad desi, RRF 140, RRF 127, DRR Dhan 142 and MTU 1010, making a total of 207 entries. The experiment was laid out in an Augmented Design with four blocks during Kharif 2020 at the Research cum Instructional Farm, Department of Genetics and Plant Breeding, College of Agriculture, Indira Gandhi Krishi Vishwavidyalaya, Raipur (Chhattisgarh). A spacing of 20 cm between rows and 15 cm between plants was adopted, and the recommended package of practices was followed to raise a healthy crop.
Observation, scoring and assessment
Observations were recorded on twenty-four DUS descriptors following the national DUS test guidelines for rice issued by the PPV&FR Authority, which are harmonised with the UPOV test guidelines (UPOV, 2020). Five plants were selected at random from each entry for recording observations on individual plants. The test guidelines recognise four types of assessment: MG (single measurement of a group of plants or plant parts), MS (measurement of a number of individual plants or plant parts), VG (visual assessment by a single observation of a group of plants or plant parts) and VS (visual assessment by observation of individual plants or plant parts) (UPOV, 2020). The descriptors in the present study were scored by visual assessment (VG/VS), and the frequency distribution and percentage of each expression state were computed over the 207 entries.
Results and Discussion
DUS characterization
The distinctness, uniformity and stability of the entries were assessed following the rice test guidelines (UPOV, 2020). Data on the twenty-four descriptors were recorded on all 207 entries, including the checks Annada, Swarna, Dagad Desi, RRF 140, RRF 127, DRR Dhan 142 and MTU 1010. The frequency distribution and percentage contribution of each expression state are presented in Table 1. Of the twenty-four descriptors, shape of ligule was monomorphic; colour of coleoptile, seedling vigour, pubescence of leaf blade, colour of stigma, presence of awn, distribution of awn, aroma, lemma colour and threshability were dimorphic; and the remaining fourteen descriptors were polymorphic. A similar mix of monomorphic, dimorphic and polymorphic descriptors has been reported in other rice collections characterized with DUS descriptors (Priyanga et al., 2020; Banik et al., 2022; Kharel et al., 2022).
Table 1: Frequency distribution of 207 rice entries for twenty-four DUS descriptors
	Descriptor
	Expression state
	Frequency
	Per cent

	Colour of coleoptile
	Green
	141
	68.1

	
	Purple
	66
	31.9

	Seedling vigour
	Germination
	188
	90.8

	
	Vigour
	19
	9.2

	Basal leaf: Sheath colouration
	Green
	133
	64.3

	
	Light purple
	1
	0.5

	
	Purple line
	45
	21.7

	
	Uniform purple
	28
	13.5

	Leaf blade: Anthocyanin colouration
	Light green
	153
	73.9

	
	Purple margin
	50
	24.2

	
	On tip
	4
	1.9

	Leaf blade: Distribution of anthocyanin colouration
	On tips only
	4
	1.9

	
	On margins only
	50
	24.2

	
	In blotches only
	1
	0.5

	
	Uniform
	152
	73.4

	Leaf blade: Pubescence of surface
	Medium
	37
	17.9

	
	Strong
	170
	82.1

	Leaf: Anthocyanin colouration of auricles
	Colourless
	161
	77.8

	
	Light purple
	24
	11.6

	
	Purple
	22
	10.6

	Leaf: Shape of ligule
	Split
	207
	100.0

	Spikelet: Colour of stigma
	White
	126
	60.9

	
	Purple
	81
	39.1

	Flag leaf: Attitude of blade (late observation)
	Erect
	53
	25.6

	
	Semi-erect
	132
	63.8

	
	Horizontal
	14
	6.8

	
	Deflexed
	8
	3.9

	Panicle: Awns
	Absent
	188
	90.8

	
	Present
	19
	9.2

	Panicle: Length of longest awna
	Short
	7
	36.8

	
	Long
	4
	21.1

	
	Very long
	8
	42.1

	Panicle: Distribution of awnsa
	Upper half
	11
	57.9

	
	Whole length
	8
	42.1

	Panicle: Exsertion
	Just exserted
	72
	34.8

	
	Partly exserted
	7
	3.4

	
	Mostly exserted
	9
	4.3

	
	Well exserted
	119
	57.5

	Panicle: Secondary branching
	Weak
	17
	8.2

	
	Strong
	176
	85.0

	
	Clustered
	14
	6.8

	Leaf: Senescence
	Early
	78
	37.7

	
	Medium
	114
	55.1

	
	Late
	15
	7.2

	Grain: Length (mm)
	Very short (<6.0)
	3
	1.4

	
	Short (6.1–8.5)
	139
	67.1

	
	Medium (8.6–10.5)
	63
	30.4

	
	Long (10.6–12.5)
	2
	1.0

	Grain: Breadth (mm)
	Very narrow (<2.0)
	4
	1.9

	
	Narrow (2.1–2.5)
	80
	38.6

	
	Medium (2.6–3.0)
	112
	54.1

	
	Broad (3.1–3.5)
	11
	5.3

	Aroma
	Present
	1
	0.5

	
	Absent
	206
	99.5

	Hull colour
	Straw
	151
	72.9

	
	Golden furrows on straw background
	17
	8.2

	
	Brown furrows on straw
	15
	7.2

	
	Brown spots on straw background
	12
	5.8

	
	Brown (tawny)
	3
	1.4

	
	Purple furrows on straw
	7
	3.4

	
	Purple black
	2
	1.0

	Kernel colour
	White
	162
	78.3

	
	Light brown
	30
	14.5

	
	Variegated brown
	0
	0.0

	
	Dark brown
	13
	6.3

	
	Red
	2
	1.0

	Lemma colour
	Straw
	206
	99.5

	
	Red
	1
	0.5

	Apiculus colour
	Straw
	141
	68.1

	
	Purple
	57
	27.5

	
	Red
	9
	4.3

	Threshability
	Easy
	193
	93.2

	
	Medium
	14
	6.8


aPercentages calculated on the 19 awned entries. All other percentages are calculated on 207 entries (200 accessions + 7 checks).
Phenotypic characterisation
Visually assessed traits play an important role in distinguishing a variety from other varieties of common knowledge. Distinctness is established when a candidate variety differs clearly from the reference varieties for one or more characteristics that meet the test requirements. Because qualitative traits are largely controlled by a few genes and are little affected by the environment, they serve as reliable indicators of morphological distinctness and as dependable markers when they are novel, uniform and stably inherited (Mani & Dushyantha Kumar, 2018; Thapa et al., 2022).
Variability among the traits was evident from their frequency distribution (Table 1). Coleoptile colour was green in 68.1% and purple in 31.9% of the entries. Green or colourless coleoptiles have likewise predominated in other germplasm sets, with purple types forming a smaller group (Pachauri et al., 2020; Singh et al., 2021; Deepika & Devaraju, 2023; Ivin Subakar Johnny & Anbuselvam, 2025). Purple pigmentation results from anthocyanin accumulation, and anthocyanins help protect tissues against biotic and abiotic stress while supporting normal photosynthesis (Mackon et al., 2021); coleoptile colour may therefore be useful to breeders both as a marker and as a possible indicator of stress tolerance. The basal leaf sheath was green in 64.3%, purple line in 21.7%, uniform purple in 13.5% and light purple in 0.5% of the entries. Green sheaths were also the most frequent class in the collections studied by Pachauri et al. (2020), Singh et al. (2021) and Deepika and Devaraju (2023). Purple leaf sheath colour is regulated mainly by the MYB transcription factor OsC1 through anthocyanidin metabolism (Jiang et al., 2024), which explains its value as a simply inherited descriptor. On the basis of anthocyanin distribution in the leaf blade, the entries were grouped as having colouration on the tips only, on the margins only, in blotches only or uniformly (1.9%, 24.2%, 0.5% and 73.4%, respectively); tip and margin types were also the main pigmented classes reported by Pachauri et al. (2020).
Leaf blade pubescence was strong in 82.1% and medium in 17.9% of the entries, consistent with the predominance of strongly pubescent types reported by Pachauri et al. (2020). Leaf trichome density in rice is under genetic control, and genes such as OsSPL10 and LHL1 regulate trichome formation (Li et al., 2021; Chen et al., 2023). Leaf auricles were present in all the entries. Anthocyanin colouration of the auricles was absent (colourless) in 77.8%, light purple in 11.6% and purple in 10.6% of the entries, close to the 81.33% colourless auricles recorded by Pachauri et al. (2020). All the entries had a split ligule, a feature that was likewise monomorphic in the landraces studied by Priyanga et al. (2020) and Deepika and Devaraju (2023).
Stigma colour was white in 60.9% and purple in 39.1% of the entries. White stigmas were also the majority class in earlier studies, although the proportion of purple stigmas varied between collections (Pachauri et al., 2020; Singh et al., 2021; Deepika & Devaraju, 2023). The late observation on attitude of the flag leaf blade showed wide variation, with 63.8% of the entries semi-erect, 25.6% erect, 6.8% horizontal and 3.9% deflexed. Semi-erect and erect types were similarly common in traditional varieties of Tamil Nadu (Ivin Subakar Johnny & Anbuselvam, 2025). Flag leaf angle is genetically controlled, with natural variation at loci such as OsFLA2 contributing to differences among cultivars (Jiang et al., 2022), which makes it a stable descriptor for distinctness testing. Awns were present in 9.2% of the entries. Among the awned entries, short awns accounted for 36.8%, long awns for 21.1% and very long awns for 42.1%, while awns were distributed on the upper half in 57.9% and over the whole length in 42.1%. Awnless types were likewise predominant in other collections, with awned entries forming a minority (Singh et al., 2021; Deepika & Devaraju, 2023; Kumar et al., 2024). Panicle exsertion was well exserted in 57.5%, just exserted in 34.8%, mostly exserted in 4.3% and partly exserted in 3.4% of the entries. Well-exserted panicles were also the largest class reported by Pachauri et al. (2020) and Deepika and Devaraju (2023).
Secondary branching of the panicle was observed in all 207 entries, being strong in 85.0%, weak in 8.2% and clustered in 6.8% of the entries. Pachauri et al. (2020) similarly recorded secondary branching in all accessions, with strong branching as the dominant class. Panicle branching is a major determinant of grain number per panicle (Lu et al., 2022), so entries with strong secondary branching may be useful in breeding for higher productivity. Leaf senescence was early in 37.7%, medium in 55.1% and late in 7.2% of the entries. Late-senescing entries deserve attention, since delayed senescence (stay-green) helps to maintain photosynthesis during grain filling under drought and heat stress (Kamal et al., 2019). Grain length was very short in 1.4%, short in 67.1%, medium in 30.4% and long in 1.0% of the entries, while grain breadth was very narrow in 1.9%, narrow in 38.6%, medium in 54.1% and broad in 5.3%. Grain size is a complex trait controlled by several signalling pathways (Li et al., 2019) and influences both cooking quality and market preference (Roy et al., 2025).
Hull colour was straw in 72.9%, golden furrows on straw background in 8.2%, brown furrows on straw in 7.2%, brown spots on straw background in 5.8%, purple furrows on straw in 3.4%, brown (tawny) in 1.4% and purple black in 1.0% of the entries. Lemma and palea colour has also been reported as one of the most variable descriptors in other rice collections (Singh et al., 2021; Kharel et al., 2022). Kernel colour was white in 78.3%, light brown in 14.5%, dark brown in 6.3% and red in 1.0% of the entries, while variegated brown was not observed. White kernels have generally predominated in earlier studies, with brown and red types occurring at lower frequencies (Singh et al., 2021; Kumar et al., 2024; Ivin Subakar Johnny & Anbuselvam, 2025). Pigmented kernels are of particular interest because their colour is due to anthocyanins and proanthocyanidins, which add nutritional value (Mbanjo et al., 2020). Lemma colour was straw in 99.5% and red in 0.5% (IC516693) of the entries, and apiculus colour was straw in 68.1%, purple in 27.5% and red in 4.3%; apiculus colour was likewise among the variable descriptors in the study of Kharel et al. (2022). Aroma was present in only one accession (IC390636). Aroma in rice is mainly due to 2-acetyl-1-pyrroline, whose accumulation is controlled by the badh2 gene and modified by environmental and management factors (Behera & Panda, 2023; Desigan et al., 2024; Kongpun et al., 2024). Such unique entries can be used as donors or developed further as candidate varieties. Threshability was easy in 93.2% and medium in 6.8% of the entries. Overall, the study revealed considerable variation among the accessions, as also observed in other germplasm collections characterized with morphological descriptors (Emi et al., 2021; Banik et al., 2022; Thapa et al., 2022). Distinct and uniform entries identified in this way may also be considered for registration and for use in breeding programmes (Avinash et al., 2019; Tiwari et al., 2023).
Conclusion
The 200 rice accessions and seven checks showed considerable variation for visually assessed DUS traits, with fourteen of the twenty-four descriptors being polymorphic. Basal leaf sheath colour, hull colour and kernel colour were the most variable descriptors, while unique entries such as IC390636 (aromatic) and IC516693 (red lemma) were identified. Entries with late leaf senescence, strong secondary branching and pigmented or aromatic grains are promising candidates for further evaluation under drought. Selection among these accessions may lead to the development of early maturing and drought tolerant genotypes, and the results will be useful for rice improvement and abiotic stress breeding programmes aimed at adapting the crop to changing environmental conditions.
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