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ABSTRACT 

Rice (Oryza sativa L.) is one of the most important staple foods crops whose demand is increasing 

mainly due to population growth and urbanization. It is ranked first in most Asian countries and 

second to maize in Malawi.  The aim of the current study was to characterize both local and elite 

rice germplasm using morphological and grain quality traits in order to identify and document 

superior germplasm for conservation and use in further breeding programme. The experiment was 

conducted at Lifuwu Agricultural Research Station during the 2024/2025 rainy season in Alpha 

Lattice Design (ALD), with three replications and plot dimension of 5 m x 0.4 m. Agglomerative 

Hierarchical Clustering (AHC) which was done using squared Euclidean distance and (UPGMA) 

in GenStat (19th Edition) classified 200 rice germplasm into six distinct groups based on 

morphological and grain quality traits. The germplasm with rare anthocyanin pigmentation such 

as G81, G83, and G91; diverse awns such as G11, G31, and G76; and variable pubescence such as 

G1, G2, and G32 serve as valuable donors for resilience and marker-assisted selection. Germplasm 

with intermediate gelatinization temperature and favorable alkali digestion (G3, G4, G8, G93, 
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G120) are superior sources for grain quality improvement, while chalk-free germplasm (G1, G2, 

G75, G190) support the development of premium translucent varieties suited to Malawi’s market. 

The outcomes of this study have a significant contribution to rice improvement goals and 

objectives in identifying and documenting diverse superior germplasm for adoption by rice 

growers after advancement or used in further breeding programs.  

Keywords: Rice Germplasm, Genetic improvement, morphological diversity, breeding 

programme, grain quality, Gelatinization temperature 

Abbreviations: IRRI, International Rice Research Institute; CSIR, Council for Scientific and 

Industrial Research; GT = Gelatinization temperature; ASV, Alkali Spreading Value 

1. INTRODUCTION 

Rice (Oryza sativa L.) is one of the most important staple food crops for more than half of the 

world population. The global paddy rice production is approximately 800 million metric tons per 

year, of which Asia contributes nearly 90% of this volume (FAOSTAT, 2025; Islam et al., 2024). 

The rice crop has increasing morphological and genetic diversity, and its market demand is 

growing at 6% per annum in the sub-Saharan Africa due to a shift in food - eating habits, economic 

growth and increased population; among several factors (Pragnya et al., 2018). In Malawi, rice is 

grown in three ecologies of rainfed lowland, irrigated lowland and rainfed upland with 80%, 15% 

and 5% land share, respectively (SES - IRRI, 2013; Ministry of Agriculture, 2024). The cultivars 

grown in Malawi are bred from different lines which include landraces and elite or improved 

germplasm introduced from other countries. The rice landraces and old cultivars are vital reservoirs 

of useful genes and can be used to enrich the improved rice germplasm with desirable traits. The 

elite rice germplasm consists of different genetic constitution and traits vital for crop improvement, 

therefore, their availability in Malawi has expanded the genetic pool (Atanda et al., 2021). The 

high yielding cultivars can be developed through crossing grain quality local land races and 

introduced superior yielding germplasm, in order to broaden the genetic divergence necessary for 

exploitation of heterosis (Bakode et al., 2025). Development of rice populations with farmer 

preferred traits such as grain quality, is a fundamental milestone for adoption and increased 

productivity of rice cultivars (Efisue et al., 2014; Singh et al., 2020).  The knowledge of genetic 

relationships between local rice and improved genotypes will guide parental selection and the 

devising of appropriate breeding designs. Genetic diversity analysis differentiates breeding 

populations and assists in categorizing germplasm into definite classes (Costa-Neto et al., 2020). 

The morphological studies are vital for characterization of genotypes into hierarchical classes, 

especially by considering heritable traits (SES - IRRI, 2013). The morphological markers mostly 

known as qualitative traits, have been used for characterization in order to establish distinctness 

amongst rice germplasm in several experiments (Pachauri et al., 2020; Sarawgi and Ojha, 2016).  
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In Malawi, rice development is confronted by a number of constraints including lack of 

morphological and grain quality information concerning diversity of the native and introduced 

elite rice germplasm. There was a need to consolidate information of the existing germplasm so 

that the superior lines could be incorporated in a breeding programme (Roy and Shil, 2020; 

Demeke et al., 2022). This study was therefore aimed at characterization of some local landraces 

and elite rice germplasm for qualitative morphological and grain quality traits in order to identify 

superior germplasm for conservation and use in further breeding programs. The quantitative 

parameters such as yield and yield-related traits have not been included in the current study 

because they are appearing on a separate paper that also formed part of a characterization work, 

entitled “Variability Studies in Landraces and Improved Rice (Oryza sativa L.) Germplasm for 

Yield and Quality Traits”. These studies will enhance our knowledge of genetic diversity within 

Oryza glaberrima and Oryza sativa, while promoting the conservation and effective utilization of 

diverse germplasm in rice breeding programmes in Malawi.    

2. MATERIALS AND METHODS 

2.1 Plant Materials  

The 200-rice germplasm comprising Malawi’s landrace collections, improved varieties, and 

advanced breeding lines sourced from the International Rice Research Institute (IRRI), Korea-

Africa Food and Agriculture Cooperation Initiative (KAFACI) and Africa Rice, were used in the 

current study (Appendix 2). The local rice varieties such as Faya 14 M 69 and Kilombero released 

for the past five decades and had been cultivated by farmers in Malawi, were used in the current 

study as reference varieties. 

2.2 Experimental site 

The experiment was conducted at Lifuwu Agricultural Research Station in Salima District, during 

the 2024/2025 rainy season as part of a characterization study of the selected germplasm. The site 

is located at 500 maters above sea level (masl) within the Katete dambo (13.40°S, 34.35°E), and 

it received 698 mm of rainfall (56.7% of the annual average), therefore supplementation by 

irrigation was from Lake Malawi. The mean temperatures ranged from 16 - 28 °C with relative 

humidity of 65 - 82%, and the soils are vertisols comprising 45% clay, a pH of 7 – 8, low in 

nitrogen (N) and phosphorus (P) contents. 

2.3 Experimental design 

The experiment was laid out in Alpha Lattice Design (ALD), as earlier applied by Gomez and 

Gomez and later adopted by several workers (Gomez and Gomez 1984; Pachauri et al., 2020; 

Joachim, 2015), with three (3) replications and gross plot size of 5 m x 0.4 m, spacing between 

plants and rows of 20 cm x 20 cm, respectively, with a space of 1 m between each replicate, and a 
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band of 40 cm between plots. One (1) seedling of less than 21 days old was transplanted per hill.  

Fertilizer was applied at 180 kg/ha, consisting of 120 kg/ha NPK6S1.0Zn (23:10:5+6S+1.0Zn) at 

transplanting and 60 kg/ha urea by broadcasting at 45 after basal application. Weeding was 

conducted two times using hands and supplementary water was applied as soon as cracks started 

to form in the trial field. Roguing off-types was conducted routinely to ensure that the grown rice 

germplasm maintain the purity. 

2.4 Data collection 

Data were collected from five randomly selected plants per germplasm or per plot, based on the 

internationally recognized standards for distinctness, uniformity and stability (DUS) stipulated by 

Bioversity International-IRRI-Africa Rice (2007) and IRRI descriptors (2013). A total of 46 

qualitative morphological and grain quality traits were evaluated by observation for genotypic 

diversity and performance of the 200-rice germplasm (Appendix 1). The qualitative morphological 

traits and the scoring procedures have been listed in Appendix 1, and they range from ligule shape 

leaf sensence and sterile lemma colour; among others. The selected grain quality traits that were 

collected include; alkali digestion, seed coat colour and chalkiness. The Alkali Digestion (AlkD) 

is an indication of gelatinization temperature in the rice grain. In the current study, it was achieved 

by placing six milled-rice grains in 10 ml of 1.7% potassium hydroxide (KOH) in a shallow 

container and arrange them so that they did not touch.  The containers were left to stand for 23 

hours, such that all the samples were soaked at 11: 00 am of the first day at 30°C and scored for 

spreading, the following day at 10:00 am (SES - IRRI, 2013), (Appendix 1). The Seed Coat (bran) 

Colour (SCC) of the rice was generally determined by removing the outer coats of rice grains 

(lemma and palea) during milling to check the seed coat colour and scored as in Appendix 1. The 

visual rating of the chalky proportion of the grain was used to determine the degree of chalkiness 

of each rice sample basing on the Standard Evaluation System [SES] scale as described by SES - 

IRRI (2013), also presented in Appendix 1.  

2.5 Data Analysis 

The Shannon Weaver diversity index formula was applied for analysis of qualitative morphological 

and grain quality traits as initially indicated by (Shannon and Weaver, 1949) and later adopted by 

Berie and Dejene (2025); and was analyzed in the current study using GenStat 19th Edition. The 

Shannon Weaver diversity index formula is as follows: 

Equation 1: H' = (∑ (j/J) * {log2 (j/J) * (-1)})/log2 (k) 

Where, H' stands for the Shannon Weaver diversity index, k stands for number of phenotypic 

classes for a trait, j stands for frequency of a phenotypic class of that trait and J stands for total 

number of observations for that trait. 
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Evenness (E) quantifies whether the rice germplasm in particular are spread evenly across the 

identified phenotypic groups, or whether some groups dominate. It is derived from the Shannon 

diversity index (H') and normalized by the maximum possible diversity for the available number 

of groups (S). In the current study, Evenness (E) was calculated using the following formula;  

Equation 2:   E    =   H' 

                                                        In (S) 

Where, E stands for Evenness index (ranges between 0 and 1), H′ stands for Shannon-Weaver 

diversity index, S stands for the available total number of distinct rice groups (or species in 

general), and ln(S) stands for the maximum possible Shannon diversity for that richness (or Natural 

logarithm of species richness), (Appendix). For each trait, the frequency distribution of scores and 

other statistical graphics were calculated and formulated in Microsoft Excel wherever necessary. 

The Agglomerative Hierarchical Clustering was performed using squared Euclidean distance and 

the Average linkage (UPGMA) in GenStat 19th Edition to attained natural groupings of the 

germplasm based on targeted traits. 

3. RESULTS  

3.1 Qualitative Traits  

3.1.1 Ligule Shape and Colour  

In the present study, there were variations in terms of ligule shape and colour among the 200-rice 

germplasm. A total of one hundred and fifteen (115) rice germplasm had an acute shape, eighty - 

three (83) germplasm had the 2-cleft shape and two (2) germplasm had a truncate shape. This 

represented 57.5%, 41.5% and 1% for the acute, 2-clefted and truncate shaped rice among the 

studied germplasm (Figure1). Furthermore, a total of one hundred and ninety – three (193), six (6) 

and one (1) rice germplasm had white, purple lines and purple ligule colour, respectively (Figure 

1) and Appendix 2. 
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Figure 1: Histogram showing distribution of ligule shape among  

the 200 studied rice germplasm 

  

    Ligue presence and colour                                        Ligue presence and colour 

Figure 2: Rice photos for ligule presence taken from the experiments  

at LARS, 2024/2025 wet season 
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3.1.2 Leaf pubescence of blade surface  

Among the studied 200 rice germplasm, 187 germplasm exhibited intermediate pubescence, 13 

germplasm showed pubescence and none of the germplasm was found to be glabrous.  

3.1.3 Leaf blade colour  

The leaf blade colour varied from green, light green and dark green. These were in the proportions 

of one hundred and fourteen (114), eighty – five (85) and 1 (one) germplasm, respectively (Figure 

3). No other colours were observed on leaf blades of these genotypes. 

 

Figure 3: Leaf blade colour of the studied 200 rice germplasm 

3.1.4 Leaf Collar and colour 

All the studied 200 rice genotypes were composed of a leaf collar. In addition, all the genotypes 

exhibited the light green colour on the leaf collar (Appendix 2).  

3.1.5 Leaf: anthocyanin colouration of collar  

Anthocyanin plays a crucial role in plants such as rice in especially for stress tolerance, metabolic 

regulation and acting as antioxidants. Among the studied 200 rice germplasm, 182 genotypes 

expressed absence of anthocyanin in the leaf collar and 18 genotypes had anthocyanin colouration 

of collar. 

3.1.6 Coleoptile colour  
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Out of the studied 200 rice germplasm, 165 genotypes exhibited green coleoptile colour while 35 

genotypes consisted of purple coleoptile colour.  

3.1.7 Basal leaf: sheath colour  

One hundred and seventy-two (172) out of the studied 200 rice germplasm showed green basal 

leaf: sheath colour, eleven (11) genotypes exhibited light purple colour, nine (9) genotypes had 

purple lines and the remaining eight (8) genotypes showed uniform purple colour (Figure 4). 

 

Figure 4: Distribution of basal leaf: sheath colour for 200 rice germplasm 

3.1.8 Leaf: intensity of green colour  

Among the studied 200 rice germplasm, 123 germplasm had dark green colour, 56 germplasm 

exhibited light green colour, and 21 germplasm revealed medium green colour. 

3.1.9 Leaf: anthocyanin colouration 

Leaf Anthocyanin Colouration refers to the presence and distribution of anthocyanin pigments in 

the leaf tissues of rice plants and is used as a morphological marker during distinctness, uniformity 

and stability (DUS) evaluation and germplasm characterization.  Among the studied 200 rice 

genotypes, 197 genotypes were devoid of anthocyanin coloration and 3 genotypes possessed 

anthocyanin colouration on the leaves. 

3.1.10 Leaf distribution: colouration of anthocyanin 

Among the studied 200 rice germplasm, three (3) genotypes had anthocyanin colouration in the 

leaf. Of the 3 genotypes, anthocyanin was distributed only on tips for 2 genotypes and for 1 

genotype it was present on margins only. Among the studied 200 rice genotypes, there were no 

genotypes in the category where anthocyanin was neither distributed in blotches nor uniform 

distribution. 
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3.1.11 Leaf sheath: anthocyanin colouration  

Among the evaluated 200 genotypes, anthocyanin colour in leaf sheath was absent for 188 

genotypes and present in 12 genotypes. 

  

  

Figure 5: Variations in Leaf sheath: anthocyanin colouration among the genotypes 

Photos taken from the characterization trials at LARS, 2024/2025 rainy season 

3.1.12 Leaf sheath: intensity of anthocyanin colouration 

The 200-rice germplasm exhibited variations in terms of intensity of anthocyanin colouration. A 

total of 188 rice germplasm expressed absence or very weak intensity of anthocyanin colouration, 

3 rice germplasm had weak intensity of anthocyanin colouration, 4 germplasm revealed strong 

intensity, 4 germplasm exhibited medium intensity and no germplasm had very strong intensity of 

anthocyanin colouration on leaf sheath.     

3.1.13 Awn length and colour 
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Out of the 200 studied rice germplasm, 173 exhibited no awns, 15 were short and partly awned, 

11 were long and partly owned and only 1 was long and fully awned.  In terms of awn colour, the 

173 were described as awnless, 9 had a straw colour whereas 18 comprised a brown colour.  

3.1.14 Auricle presence and colour  

The auricles were present in 200 germplasm and all of them were light green in colour suggesting 

lack of diversity for this trait. 

3.1.15 Leaf: anthocyanin colouration of auricles  

Among the evaluated 200 germplasm, 156 genotypes had colourless auricles, 41 genotypes with 

purple auricles and 3 genotypes exhibited light purple auricles.  

3.1.16 Flag leaf: attitude of blade (early observation)  

One hundred and twenty (120) germplasm showed semi-erect flag leaf, 50 genotypes revealed 

erect flag leaf, 30 genotypes showed horizontal flag leaf and none of the genotypes showed 

deflexed flag leaf attitude of blade at early observation among the evaluated 200 genotypes.  

3.1.17 Flag leaf: attitude of blade (late observation) 

Evaluation of 200 germplasm for flag leaf attitude of blade at late observation stage, 150 genotypes 

showed horizontal flag leaf, 30 genotypes displayed erect flag leaf, 20 genotypes showed semi 

erect flag leaf and none of the genotypes had deflexed flag leaf attitude of blade at late observation 

(Figure 6). 
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                               Erect flag - leaf                                                  Horizontal flag - leaf 

Figure 6: Photos taken from the characterization trials at LARS, 2024/2025  

rainy season, exhibiting flag leaf: attitude 

3.1.18 Culm attitude  

Among the 200 germplasm, 150 germplasm had erect attitude of the culm, 37 germplasm were 

semi-erect followed by 13 which exhibited open type of culm. None of the genotypes had 

spreading culm attitude. 

3.1.19 Lemma: anthocyanin colouration of keel  

Among the studied 200 rice germplasm, 182 rice germplasm exhibited very weak anthocyanin 

colouration, 3 expressed weak anthocyanin colouration of keel, 6 exhibited medium anthocyanin 

colouration, 7 and 2 germplasm had strong and very strong anthocyanin colouration of keel 

respectively (Figure 7). 
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Figure 7: Lemma: Anthocyanin colouration of keel for the 200-rice germplasm 

3.1.20 Lemma: Anthocyanin colouration of apex 

Among the 200 germplasms evaluated, 169 genotypes do not have anthocyanin colouration at the 

apex of lemma, 25 genotypes had weak anthocyanin colouration, 5 genotypes had medium colour, 

2 genotypes had strong anthocyanin colouration and 1 genotype with very strong anthocyanin 

colouration at the apex of lemma. 

3.1.21   Spikelet: colour of stigma 

Of the 200 germplasm, 192 germplasm had white colour stigma, 5 genotypes revealed light green 

stigma, and 3 genotypes had light purpled stigma.  

3.1.22 Stem: anthocyanin colouration of nodes 

One hundred and seventy – eight (178) germplasm exhibited no anthocyanin colouration of nodes 

and twenty-two (22) germplasm showed anthocyanin colouration of nodes.  

3.1.23 Stem: intensity of anthocyanin colouration of nodes  

No intensity of anthocyanin colouration of nodes could be indicated for the 178-rice germplasm 

as they revealed no pigmentation of anthocyanin. However, out of the 22 germplasm which 

exhibited anthocyanin colouration of nodes, 7 genotypes had weak, 12 germplasm were medium 

and 3 germplasm showed strong intensity of anthocyanin colouration of nodes. 

3.1.24 Panicle: curvature of main axis  
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Among the 200 studied germplasm, 65 germplasm possessed straight panicles, 33 genotypes 

exhibited semi straight panicles, 19 genotypes had deflexed panicles and 83 genotypes had 

drooping panicle curvature of main axis.  

3.1.25 Spikelet: density of pubescence of lemma 

Out of the studied 200 rice germplasm, one hundred and two (102) genotypes exhibited very strong 

pubescence of lemma, 59 germplasm had strong pubescence, 28 genotypes showed medium 

pubescence of lemma, 6 genotypes exhibited weak pubescence of lemma, and 5 genotypes were 

non pubescent. 

3.1.26 Spikelet: Lemma tip colour  

A total 190 germplasm showed purple lemma tip followed by 4 yellow, 3 showed black lemma tip, 

2 had brown tip, and 1 showed white lemma tip. Figure 8 shows the distribution of spikelet lemma 

tip colours across genotypes. 

 

Figure 8: Distribution of Lemma Tip Colour 

3.1.27 Lemma and palea colour 

Out of the 200 germplasm, 199 showed straw colour and only 1 genotype showed gold and gold 

furrow on straw background. 

3.1.28 Panicle awns  
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Of the 200 germplasm, 161 are awnless and 39 had awned panicles. 

3.1.29 Panicle: colour of awns (late observation)  

Among the 39 germplasm with awns, 16 were yellowish brown, 12 had yellowish white, 7 were 

purple, 4 had brown, and no genotype had red colour of awns.  

3.1.30 Panicle: length of awns  

Out of the 39 owned germplasm, 17 genotypes had medium length awns, 11 genotypes showed 

short awns, 7 were very short, 4 long awns and no genotype had very long length in terms of awns. 

3.1.31 Panicle: distribution of awns 

Eighteen (18) germplasm had awns on tips only, 17 had awns only on upper half and 4 genotypes 

showed awns on whole length of the panicle.  

3.1.32 Panicle: presence of secondary branching  

All the studied 200 germplasm had secondary branching of the panicles. About 169 genotypes had 

strong secondary branching, 29 genotypes with weak secondary branching and 2 genotypes 

showed clustered secondary branching of the panicle.  

3.1.33 Panicle: attitude of branches 

Out of the studied 200 rice germplasm, a total of 144 genotypes exhibited erect – to semi-erect 

branches, 22 had semi-erect branches, 30 germplasm showed semi erect to spreading type, 4 were 

spreading. 

  

A B C D E F G H I 
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Figure 9: Diverse expression of Panicle: attitude of branches (photos A – P, taken from the 

characterization trials of 200 rice germplasm at LARS, 2025) 

3.1.34 Panicle exsertion  

The degree of panicle exsertion is of paramount importance in rice breeding as it determines the 

suitability and success of pollination during crossing. In this study, a total of 6 germplasm exhibited 

enclosed panicles, 14 germplasm showed a just exerted panicle behaviour, 3 germplasm exhibited 

partially exserted panicles, 17 germplasm had moderately well exerted panicles and 160 

germplasm had well exerted panicles.   

3.1.35 Panicle type 

A total of 188 rice germplasm exhibited intermediate panicle type, 11 had a compact panicle type 

and only 1 germplasm had an open panicle type. This represents 94%, 5.5% and 0.5% for the 

intermediate, compact and open panicle type respectively. 

3.1.36 Panicle axis  

Out of the studied 200 rice germplasm, 75 germplasm exhibited a droopy type of panicle axis while 

the remaining 125 germplasm had a straight type of panicle axis.  

3.1.37 Apiculus colour  

A total of 177 rice germplasm showed brown tawny colour, 22 genotypes had a straw colour and 

only 1 genotype exhibited the white colour. 

J K L M N O P 
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3.1.38 Culm: Internode colour  

A total of 122 rice genotypes exhibited green internode while the 78 genotypes had light gold 

internode colour. 

3.1.39 Leaf sensence 

Out of the evaluated 200 rice genotypes, 130 genotypes recorded late leaf sensence, 40 genotypes 

with intermediate leaf sensence and 30 genotypes showed early leaf sensence. 

3.1.40 Sterile lemma colour  

Out of the studied 200 rice germplasm, 100 genotypes displayed purple colour, 59 genotypes had 

golden colour, 41 genotypes had straw sterile lemma colour, and none of the genotypes showed 

red coloured sterile lemma. 

3.2 Qualitative grain quality traits  

3.2.1 Alkali Digestion (AlkD) and Gelatinization Temperature (GT) 

Out of the studied 200 rice germplasm, 125 germplasm had intermediate gelatinization temperature 

as such the alkali digestion ranged from low to intermediate. Out of 125 germplasm with 

intermediate group; 62 germplasm were swollen with collar incomplete and narrow; 43 germplasm 

were swollen with collar complete and wide; and 20 germplasm were split with collar complete 

and wide. A total of 33 germplasm exhibited high gelatinization temperature, thus low alkali 

digestion. Out of the 33-rice germplasm with high gelatinization temperature, 10 germplasm were 

swollen, and 23 germplasm were not affected but chalky. Out of the 200-rice germplasm, the 

remaining 42 germplasm showed low gelatinization temperature, thus high alkali digestion. 

Therefore, 16 germplasm out of the 42 germplasm showed dispersed merging with collar, and the 

remaining 26 germplasm were completely dispersed and cleared. 
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Figure 10: Alkali Digestion (AlkD) of the 200-rice germplasm 

3.2.2 Seed Coat (bran) Colour (SCC) 

Out of the evaluated 200 rice germplasm, 178 germplasm (89%) displayed the white colour while 

17 genotypes (8.5%) had light brown colour. The remaining 4 germplasm (2%) and 1 germplasm 

(0.5%) exhibited brown and speckled brown colour, respectively. The observation did not reveal 

any rice germplasm with red, variable purple and /or purple colour, among the studied 200 lines.  

3.2.3 Chalkiness (by observation)  

A total of 200 rice germplasm were evaluated for endosperm chalkiness, displaying that 76.5% (n 

= 153) did not have visible chalkiness, however, a small degree of chalkiness, affecting less than 

10% of the kernel area, was revealed in 4.5% (n = 9) of the studied germplasm. The medium 

chalkiness, defined as 11–20% of the kernel area, was displayed in 10.5% (n = 21) of the 

germplasm, while large chalkiness, exceeding 20% of the kernel area, affected 8.5% (n = 17) of 

the entire population (Appendix 1).  

4.0 DIVERSITY INDEX (H′) 

The Shannon-Weaver Diversity Index (H′) and Evenness (E) were calculated for 47 morphological 

traits across the rice germplasm. The indices revealed substantial variation in trait diversity, and 

distribution balance values ranged from 0.00 to 1.81 (Appendix 2). The high diversity traits (H′ ≥ 

1.0) were alkali digestion (1.81), panicle curvature (1.29), panicle awn length (1.24), spikelet 

lemma pubescence density (1.17), panicle awn distribution (1.09), panicle awn colour (1.07), and 

sterile lemma colour (1.03), Appendix 2. The low diversity traits (H′ ≤ 0.20) were ligule colour 

11%
5%

31%

22%

10%

8%

13%

No. of Germplasm

Not affected but chalky

Swollen

Swollen with collar incomplete or narrow

Swollen with collar complete and wide

Split with collar complete and wide

Dispersed merging with collar

Completely dispersed and cleared
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(0.17), spikelet stigma colour (0.17), panicle type (0.17), leaf anthocyanin colouration (0.06), and 

leaf collar, leaf colour, auricle presence, and lemma and palea colour (0.00). These traits were 

largely monomorphic, indicating fixation or limited variability, (Appendix 2). The Evenness (E) 

values ranged from 0.00 to 0.99, indicating variation in the balance of trait state distribution. The 

high evenness (E ≥ 0.85) was displayed in alkali digestion (0.93), sterile lemma colour (0.93), 

panicle curvature of the main axis (0.93), stem anthocyanin intensity (0.85), and leaf senescence 

(0.85). These traits were both diverse and evenly expressed, reflecting balanced representation 

across the rice germplasm. On the other hand, the low evenness (E ≤ 0.20) was revealed in leaf 

anthocyanin colouration (0.09), ligule colour (0.15), and spikelet lemma tip colour (0.15). The 

Shannon-Weaver and evenness results show that the studied rice germplasm ranges from highly 

diverse, balanced traits valuable for breeding to uniform traits with limited variability. 

5.0 AGGLOMERATIVE HIERARCHICAL CLUSTERING  

Agglomerative Hierarchical Clustering (AHC) was performed using squared Euclidean distance 

and the Unweighted Pair Group Method with Arithmetic Mean (UPGMA) in GenStat (19th 

Edition) classified 200 rice germplasm into six distinct groups based on morphological and grain 

quality traits (Figure 11, Table 1). Cluster 1 (57 germplasm) exhibited uniform ligule shape, 

consistent sheath colour, and rare anthocyanin expression. Cluster 2 (46 germplasm) was defined 

by ligule type 2 and heterogeneous anthocyanin distribution. Cluster 3 (35 germplasm) showed 

strong colour intensity, auricle pigmentation, and pronounced panicle curvature. Cluster 4 (44 

germplasm) combined panicle curvature with lemma pubescence and apex anthocyanin deposition. 

Cluster 5 (10 germplasm) displayed mixed panicle attitudes with lemma pubescence and apex 

anthocyanin. Cluster 6 (8 germplasm) was distinguished by unique apex anthocyanin, auricle 

pigmentation, and panicle exsertion. 
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Hierarchical Clustering Dendrogram of 200 Rice Germplasm 

 
Figure 11: Agglomerative Hierarchical Clustering (AHC) of the 200 rice germplasm 

 

Table 1: Cluster Analysis of Rice Germplasm (G) Traits and Application in Breeding 

Cluster 

(C) 
Germplasm (G) 

Trait 

Characteristics 
Application in Breeding 

C1 

G1, G2, G3, G4, G5, G6, G7, G8, G18, G20, G21, 

G23, G36, G40, G42, G43, G44, G45, G48, G49, 

G52, G54, G55, G73, G85, G90, G98, G100, G104, 

G106, G108, G111, G112, G115, G116, G117, 

G122, G124, G144, G145, G151, G156, G157, 

G159, G164, G165, G168, G175, G176, G179, 

G180, G191, G192, G193, G194, G195, G197   

Uniform ligule 

shape, sheath 

colour variation, 

low or no 

anthocyanin 

Parent Selection: Stable 

morphological traits for uniformity. 

Heterosis: Cross with anthocyanin-

rich clusters (C6) to enhance pigment-

related traits. 

C2 

G9, G10, G11, G19, G37, G38, G51, G63, G64, 

G72, G77, G82, G86, G92, G93, G95, G96, G101, 

G102, G105, G109, G118, G119, G121, G123, 

G125, G128, G129, G132, G134, G135, G137, 

Ligule shape 

variation, 

anthocyanin 

distribution 

differences 

Parent Selection: Introduces 

variability in leaf morphology and 

pigment distribution.  
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G138, G140, G141, G142, G148, G150, G154, 

G161, G173, G181, G182, G183, G185, G200  

Heterosis: Cross with uniform clusters 

(C1) to maximize heterosis in leaf 

traits. 

C3 

G12, G13, G24, G25, G31, G39, G47, G58, G62, 

G74, G83, G87, G89, G97, G99, G107, G114, 

G126, G127, G131, G133, G136, G147, G153, 

G155, G160, G162, G166, G170, G171, G177, 

G178, G188, G22, G27  

Distinct colour 

intensity, panicle 

curvature  

Parent Selection: Pigment 

enhancement and panicle architecture 

improvement.  

Heterosis: Cross with low-anthocyanin 

clusters (C1) or mixed panicle clusters 

(C5). 

C4 

G14, G15, G16, G26, G30, G32, G34, G35, G41, 

G46, G50, G56, G57, G59, G61, G65, G66, G68, 

G69, G70, G71, G75, G76, G78, G79, G84, G88, 

G91, G94, G103, G110, G120, G130, G139, G143, 

G146, G149, G152, G158, G163, G167, G169, 

G174, G184,  

Panicle curvature, 

lemma 

pubescence, 

anthocyanin apex 

traits 

Parent Selection: Improves panicle 

traits and lemma pubescence. 

Heterosis: Cross with uniform clusters 

(C1) or pigment-rich clusters (C6). 

C5 

G28, G29, G33, G53, G80, G81, G113, G172, 

G187, G67 
Mixed panicle 

attitude, lemma 

pubescence 

Parent Selection: Provides variability 

in panicle attitude and lemma traits. 

Heterosis: Cross with stable clusters 

(C1) or pigment-intense clusters (C6). 

C6 

G17, G60, G189, G190, G196, G186, G198, G199, Unique 

anthocyanin apex, 

auricle traits, 

panicle exsertion 

Parent Selection: Introduces rare 

anthocyanin and auricle traits. 

Heterosis: Cross with uniform clusters 

(C1) or mixed panicle clusters (C5). 

 

6.0 DISCUSSION  

6.1 Qualitative morphological traits  

The qualitative characterization of 200 rice germplasm revealed both conserved and variable traits, 

underscoring their importance in genetic improvement, varietal identification, and breeding 

programs (Pachauri et al., 2020), (Appendix 1 and 2). The ligule morphology showed 

predominance of acute and two-cleft forms, with white ligules being the most frequent, confirming 

genetic conservation and that was in corroboration with earlier reports of ligule diversity 

(Manjunatha et al., 2018). The leaf pubescence was largely intermediate, suggesting genetic 

dominance and that aligning strongly with previous findings by fellow researchers (Chowdhury et 

al., 2023; Alam et al., 2025). Leaf blade colour was stable, with most germplasm exhibiting green 

pigmentation, consistent with chlorophyll concentration and earlier studies linking colour to 

photosynthetic efficiency in rice plants (Sruthi et al., 2023; Umarani et al., 2024; Ezin et al., 2022). 

All the studied 200 rice germplasm were composed of a leaf collar which exhibited the light green 

colour, confirming trait conservation and that was in agreement with earlier repots (Pragnya et al., 

2018). Anthocyanin pigmentation was rare across leaves, sheaths, auricles, lemma, nodes, and 

stigmas, indicating restricted genetic regulation in cultivated rice compared to wild relatives. These 

anthocyanin pigmentation-rarity finding of the current study are in great agreement with earlier 
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reports by several workers (Surya et al., 2024; Thilavech et al., 2025; Jiang et al., 2024; Lv et al., 

2024; Subakar et al., 2025; Meng et al., 2021; Avinash et al., 2024; Amudha & Balachandran, 

2025). 

The coleoptile colour was predominantly green, with purple variants confirming its role as a 

morphological marker (Muhammad et al., 2020). Basal leaf sheath colour was mainly green and 

these findings were consistent with earlier reports (Joachim, 2015; Sahoo et al., 2022). The leaf 

colour intensity varied among the studied 200 rice germplasm, reflecting genetic diversity in 

chlorophyll content (Gupta et al., 2023; Mwangi et al., 2025).  

The awn traits revealed moderate diversity in presence, colour, and distribution among the 

germplasm, reflecting domestication effects but also retention of wild-type alleles and these 

findings are supported by earlier researchers (Pachauri et al., 2020; Agata et al., 2023; Kumar et 

al., 2024; Abdullah et al., 2025). The auricles were universally present and light green, confirming 

conservation of this traits among rice germplasm (Kumar et al., 2024; Sun et al., 2018). 

The flag leaf attitude was mostly horizontal, with erect and semi-erect forms also observed, 

supporting canopy optimization for yield, and similar results were also reported in earlier studies 

(Pachauri et al., 2020; Kumar et al., 2024). Among the 200 germplasm, majority exhibited an erect 

culm attitude, a favorable trait for lodging resistance, efficient plant architecture, and a desirable 

attribute in breeding programs aimed at improving grain yield. The results agree strongly with 

previous reports on studies of cereal crops (Zhang et al., 2023). The lemma anthocyanin 

pigmentation was weak or absent in most germplasm of the current study, and these results are 

consistent with earlier reports (Singh et al., 2020; Prajuntasan et al., 2022). The stigma colour of 

the studied 200 rice germplasm was largely white, confirming genetic fixation (Oshima et al., 

2019; Meng et al., 2021). 

Panicle traits exhibited substantial diversity among the 200 rice germplasm, with curvature being 

mostly drooping, and straight and semi-straight forms also common (Zhang et al., 2023). The 

secondary branching was widespread, with strong branching predominating, confirming its role in 

yield potential, and this corroborated earlier findings (Rachana et al., 2019; Panda et al., 2020; 

Yadav et al., 2023; Johnny & Anbuselvam, 2025; Gupte et al., 2023). The majority of germplasm 

revealed well-exserted panicles, consistent with genetic regulation by OsGA20ox and OsEUI1 

genes, and this was in tandem with earlier reports (Sun et al., 2025; Mohanty & Parida, 2024). The 

panicle type was predominantly intermediate, confirming conservation among the 200 rice 

germplasm, and earlier studies revealed similar findings (Kumar et al., 2024; Surapaneni et al., 

2025). The diversity was expressed in panicle axis architecture among the 200 rice germplasm, 

with majority showing a droopy type and others, straight-type, suggesting a significant genetic 

effect, corroborating earlier findings (Agata et al., 2023; Pachauri et al., 2020). 
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The study also revealed a predominance of a light gold culm colour with 84.5% showing this 

colour, while 12% exhibited green culms and 3.5% had purple lines. The findings are in line with 

earlier reports that pointed out the dominance of light gold culm colour in rice germplasm (Chigira 

et al., 2020; Kashiwagi et al., 2022). In the present study, apiculus pigmentation was dominated 

by brown tawny, with straw and white being rare, also in tandem with earlier reports (Mbanjo et 

al., 2020; Bhuvaneswari et al., 2020). In the present study, internode colour was evaluated across 

200 rice genotypes, and majority (60%) revealed white internodes, while the remaining proportion 

showed light gold pigmentation. This distribution suggests that white internode colour is the 

predominant phenotype in the studied germplasm, suggesting a genetic preference or selection for 

this trait in breeding programs agreeing with earlier reports (Ashok, 2015). In the current study, 

leaf senescence was predominantly late among majority of the germplasm revealing late 

senescence, suggesting extended photosynthetic activity and yield advantage (Zhou et al., 2024; 

Sumith et al., 2023; Zhang et al., 2023). The sterile lemma colour was dominated by purple, with 

golden and straw variants also present, and that is in agreement with findings by Pachauri et al., 

(2020). 

6.2 Qualitative grain quality traits  

Among the 200-rice germplasm studied, 125 (62.5%) exhibited intermediate gelatinization 

temperature with low to intermediate alkali digestion. Within this group, 62 showed swollen grains 

with incomplete narrow collars, 43 with complete wide collars, and 20 split with complete wide 

collars. 33 germplasm (16.5%) had high gelatinization temperature, corresponding to low alkali 

digestion; of these, 10 were swollen and 23 remained chalky. The remaining 42 germplasm (21%) 

displayed low gelatinization temperature with high alkali digestion, where 16 showed dispersed 

merging with collars and 26 were completely dispersed and cleared (Appendix 2). These results 

are in agreement with those reported by fellow workers, where diversity for this trait was revealed 

(Pragnya et al., 2018; Singh et al., 2020; Devika et al., 2024; Surya et al., 2024).  In terms of seed 

coat colour, majority of the recently evaluated germplasm (89%) exhibited white grain colour, 

while 8.5%, 2% and 0.5% revealed light brown, brown and speckled brown, respectively 

(Appendix 1 and 2). Similar findings were reported by Wang et al., (2020) where the white grain 

colour was dominant.                

Of the 200-rice germplasm evaluated, 76.5% showed no visible chalkiness, indicating superior 

grain translucency. Minor chalkiness (<10% kernel area) was observed in 4.5% of the germplasm, 

while 10.5% exhibited medium chalkiness (11–20%). Severe chalkiness (>20%) affected 8.5% 

germplasm (Appendix 1 and 2). Similar findings were reported by previous researchers who 

confirmed chalkiness as the main grain quality trait and majority of germplasm in that study 

showed low chalkiness (Li et al., 2025; Pragnya et al., 2018).  
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6.3 Diversity Index (H′)  

The Shannon-Weaver Diversity Index (H′) and Evenness (E) across 46 morphological traits 

exhibited wide variability (H′: 0.00 – 1.81; E: 0.00 – 0.99), (Appendix 2). High diversity was 

revealed in traits such as alkali digestion, panicle curvature, awn length, lemma pubescence, awn 

distribution/colour, and sterile lemma colour, while traits such as ligule colour, stigma colour, 

panicle type, leaf anthocyanin, collar, auricle, and lemma/palea colour were largely monomorphic. 

High evenness was observed for alkali digestion, sterile lemma colour, panicle curvature, stem 

anthocyanin intensity, and leaf senescence, while leaf anthocyanin, ligule colour, and lemma tip 

colour showed low balance. Generally, the germplasm exhibited both highly diverse, evenly 

distributed traits valuable for breeding and uniform traits with limited variability. These results are 

in strong agreement with those reported by Umarani et al., (2024), and Berie & Dejene (2025) who 

found that variable traits showed higher Shannon diversity, while uniform traits had low diversity. 

6.4 Agglomerative Hierarchical Clustering (AHC)  

The Agglomerative Hierarchical Clustering (AHC) using squared Euclidean distance and UPGMA 

in GenStat categorized 200 rice germplasm into six groups based on morphological and grain 

quality traits (Figure 11, Table 1). Cluster 1 displayed uniform ligule shape, consistent sheath 

colour, and rare anthocyanin expression, indicating stability. Cluster 2 had ligule type 2 with 

variable anthocyanin, reflecting pigment diversity. Cluster 3 exhibited strong colour, auricle 

pigmentation, and panicle curvature, linked to adaptation of the germplasm. Cluster 4 combined 

panicle curvature, lemma pubescence, and apex anthocyanin, suggesting trait linkage. Cluster 5 

showed mixed panicle attitudes with pubescence and apex anthocyanin, representing rare 

transitional forms. Cluster 6 was marked by unique apex anthocyanin, auricle pigmentation, and 

panicle exsertion, highlighting rare alleles. Generally, the clustering revealed meaningful 

associations between pigmentation and structural traits, broad genetic diversity across clusters, and 

clear breeding potential: suggesting that large clusters as stable pools, while smaller ones as 

reservoirs of rare alleles for trait improvement and conservation. The present findings corroborate 

those reported by fellow researchers (Islam et al., 2024; Joachim 2015; Manjunatha et al., 2018). 

7.0 CONCLUSIONS AND RECOMMENDATIONS 

The present study was aimed at characterization of some local landraces and elite rice germplasm 

for qualitative morphological and grain quality traits in order to identify superior germplasm for 

conservation and use in further breeding programmes. It highlights the importance of stable 

germplasm pools and rare allele reservoirs in rice improvement. As concluded and recommended 

in Figure 12, the framework integrates diversity assessment, donor identification, breeding 

strategy, and applied outcomes that guide climate-resilient, high-yielding, and nutritionally 

enriched rice varieties. 
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Figure 12: The framework for translating rice germplasm diversity into breeding strategies 

 

Diversity Assessment 
• Evaluate 200 rice germplasm for conserved qualitative traits (Ligule morphology; 

auricle presence, stigma colour) and diverse traits (anthocyanin pigmentation, panicle 

architecture, awn variation, pubescence, grain quality)   

• Identify broad genetic diversity and cluster groups (Cluster 1 = stable pool; cluster 5 

and 6 = transitional forms or rare alleles)  

 

Donor Identification  
• Stress tolerance and diversification, rare anthocyanin pigmentation, diverse awns, 

variable pubescence (G81, G83, G91, G103, G114, G127, G197, G11, G110, G31, G76, 

G190, G1, G2, G30, G32, G44, G58, G74)   

• Grain quality: intermediate gelatinization temperature & favourable alkali digestion 

donors (G3, G4, G8, G11, G32, G93, G99, G120, G145, G187, G158, G151, G137) 

• Market-oriented breeding: Germplasm with no chalkiness (G1, G2, G3, G75, G76, 

G77, G82, G190, G195, G200) 

• Nutritional improvement: Coloured seed coat germplasm (G34, G35, G41, G56, 

G68, G94, G140, G146) 

Breeding Strategy   
• Stability Improvement:   Use cluster 1 germplasm  

• Rare allele conservation: Preserve clusters 5 and 6 germplasm  

Applied Outcomes   
• Use of marker-assisted selection, market-oriented breeding, nutritional niche 

development (G81, G83, G91, G103, G114, G127, G197, G34, G35, G41) 

• Strategically, conducting multiple environmental trials for the superior germplasm 

identified from this study and combining phenotypic diversity with molecular tools 

will accelerate the development of climate-resilient, high-yielding, and nutritionally 

rich rice varieties. 

•  
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Appendix 1: Qualitative traits descriptions, frequency, diversity index  

and observation stage of 200 rice germplasm 

ID 

No 

Trait  Scale Description No. of 

germplasm 

Frequency 

(%) 

Shannon 

Weaver 

Diversity 

Index 

(H’) 

Evenn

ess  

Observation 

stage 

1 Ligule shape 0 Absent  0 0 

0.73 0.53 

Tillering to 

stem 

elongation 

1 Acute to 

acuminate 

115 57.5 

2  2-cleft 83 41.5 

3 Truncate 2 1 

2 Ligule 

colour 

1 White 193 96.5 

0.17 0.15 

Stem 

elongation to 

booting 

2 Purple lines 6 3 

3 Purple 1 0.5 

3 Leaf blade 

pubescence 

1 Glabrous 0 0 

0.18 0.17 
Booting to 

heading 
2 Intermediate 187 93.5 

3 Pubescent 13 6.5 

4 Leaf blade 

colour 

1 Light green 85 42.5 

0.67 0.49 
Seedling to 

tillering 

2 Green 114 57 

3 Dark green 1 0.5 

4 Purple tips 0 0 

5 Purple margins 0 0 

6 Purple blotch 0 0 

7 Purple  0 0 

5 Leaf collar 0 Absent 0 0 
0 0 Tillering 

1 Present 200 100 

6 Leaf  collar 

colour 

1 Light green 200 100 

0 0 
Seedling to 

tillering 
2 Medium green 0 0 

3 Dark green 0 0 

7 Leaf 

anthocyanin 

colouration 

of collar 

1 Absent 182 91 

0.33 0.47 Tillering 
9 Present 18 9 

8 Coleoptile 

colour 

1 Green 165 82.5 
0.44 0.64 

Seedling 

stage 2 Purple 35 17.5 

9 Basal leaf 

sheath 

colour 

1 Green 172 86 

0.69 0.5 
Tillering to 

booting 

2 Purple lines 9 4.5 

3 Light purple 11 5.5 

4 Purple 8 4 

10 3 Light 56 28 0.86 0.78 
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Leaf 

intensity of 

green colour 

5 Medium 21 10.5 Seedling to 

tillering 7 Dark 123 61.5 

11 Leaf 

anthocyanin 

colouration 

1 Absent 197 98.5 

0.06 0.09 
Seedling to 

tillering 9 Present 3 1.5 

12 Leaf 

distribution 

of 

anthocyanin 

1 Tips only 2 66.7 

0.64 0.46 
Seedling to 

tillering 

2 Margins only 1 33.3 

3 Blotches only 0 0 

4 Even 0 0 

13 Leaf sheath 

anthocyanin 

colouration 

1 Absent 188 94 

0.22 0.31 Tillering 
9 Present 12 6 

14 Leaf sheath 

intensity of 

anthocyanin 

1 Absent or very 

weak 

188 94 

0.36 0.22 Tillering 

3 Weak 3 1.5 

5  Medium 5 2.5 

7  Strong 4 2 

9 Very strong  0 0 

15 Awning  0 Absent 173 86.5 

0.52 0.32 
Milk to 

maturity 

1 Short and partly 

awned  

15 7.5 

5 Short and fully 

awned  

0 0 

7 Long and partly 

awned 

11 5.5 

9 Long and fully 

awned 

1 0.5 

16 Awn colour  0 Awnless 173 86.5 

0.4 0.29 Maturity  

1 Straw 9 4.5 

2 Gold  0 0 

3 Brown (tawny) 18 9 

4 Red 0 0 

5 Purple 0 0 

6 Black 0 0 

17 Auricle 

presence and 

colour 

0 Absent (no 

auricles)  

0 0 

0 0 Tillering 1 Light green  200 100 

2 Purple 0 0 

18 Anthocyanin 

colouration 

of auricle 

1 Absent 156 78 

0.53 0.76 Tillering 
9 Present 44 22 

19 1 Erect 50 25 0.87 0.79 Booting 
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Flag leaf 

attitude 

(early) 

3 Semi-erect 120 60 

5 Horizontal 30 15 

7 Recurved 0 0 

20 Flag leaf 

attitude 

(late) 

1 Erect 30 15 

0.73 0.67 Maturity 
3 Semi-erect 20 10 

5 Horizontal 150 75 

7 Recurved 0 0 

21 Culm habit 1 Erect 150 75 

0.64 0.41 Heading 

3 Semi-erect 37 18.5 

5 Open 13 6.5 

7 Spreading 0 0 

9 Prostrate 0 0 

22 Lemma 

anthocyanin 

colouration 

of keel 

1 Absent/very 

weak 

182 91 

0.5 0.31 Heading 

3 Weak 3 1.5 

5 Medium 6 3 

7 Strong 7 3.5 

9 Very strong  2 1 

23 Lemma 

anthocyanin 

colouration 

of apex 

1 Absent/very 

weak 

169 84.5 

0.49 0.31 Heading 

3 Weak 25 12.5 

5 Medium 3 1.5 

7 Strong 2 1 

9 Very strong 1 0.5 

24 Spikelet: 

Stigma 

colour 

1 White 192 96 

0.17 0.11 Heading 

2 Light green 5 2.5 

3 Yellow 0 0 

4 Light purple 3 1.5 

5 Purple 0 0 

25 Stem 

anthocyanin 

colouration 

of nodes 

1 Absent 178 89 

0.33 0.47 Booting 9  Present 22 11 

26 Stem:  

Intensity of 

anthocyanin 

colouration 

of nodes  

3 Weak 7 31.8 

0.94 0.85 Booting 5 Medium 12 54.5 

7 Strong 3 13.7 

27 Panicle: 

curvature of 

main axis 

1 Straight 65 32.5 

1.29 0.93 Maturity 
3 Semi-straight  33 16.5 

5 Slightly 

drooping  

19 9.5 
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7 Strongly 

drooping  

83 41.5 

28 Spikelet: 

Lemma 

pubescence 

density 

0 Absent  5 2.5 

1.17 0.73 Maturity 

1 Sparse 6 3 

3 Medium 28 14 

5 Dense 59 29.5 

7 Dense (very 

strong) 

102 51 

29 Spikelet: 

Lemma tip 

colour 

1 Straw (yellow)  4 2 

0.24 0.15 Maturity 

2 Brown 2 1 

3 White  1 0.5 

4 Purple 190 95 

5 Black 3 1.5 

30 Lemma and 

palea colour 

0 Straw  199 99.5 

0 0 Maturity 

1 Gold & gold 

furrows on 

straw 

background  

1 0.5 

2 Brown spots on 

straw  

    

3 Brown furrows 

on straw  

0 0 

4 Brown (tawny)  0 0 

5 Reddish to light 

purple  

0 0 

6 Purple spots on 

straw  

0 0 

7 Purple furrows 

on straw  

0 0 

8 Purple  0 0 

9 Black  0 0 

10 White    

  

0  0  

31 Panicle awns 1 Absent 161 80.5 
0.44 0.63 

Heading to 

maturity 9 Present 39 19.5 

32 Panicle: 

awns colour 

1 Light gold 0 0 

1.07 0.77 Maturity 

2 Gold 0 0 

3 Brown 4 10.3 

4 Reddish brown 16 41 

5 Light red 12 30.8 

6 Red 0 0 

7 Light purple 0 0 

8 Purple 7 17.9 

9 Black 0 0 
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33 Panicle:  

awns length 

1 Very short 7 17.9 

1.24 0.77 Maturity 

3 Short 11 28.2 

5 Medium 17 43.6 

7 Long 4 10.3 

9 Very long 0 0 

34 Panicle: 

distribution 

of awns  

1 Tips only  18 46 

1.09 0.99 Maturity 3 Upper half 17 44 

5 Whole length  4 10 

35 Panicle: 

presence of 

secondary 

branching 

0 Absent 0 0 

0.42 0.31 Heading 
1 Light 29 14.5 

2 Heavy 169 84.5 

3 Clustered 2 1 

36 Panicle: 

attitude of 

branches  

1 Erect to semi-

erect  

144 72 

0.78 0.57 Heading 
3 Semi-erect 22 11 

5 Semi-erect to 

spreading  

30 15 

7 Spreading 4 2 

37 Panicle 

exsertion 

1 Well exserted 160 80 

0.7 0.44 
Milk to 

maturity 

3 Moderately 17 8.5 

5 Just 14 7 

7 Partly 3 1.5 

9 Enclosed 6 3 

38 Panicle type 1 Compact 11 5.5 

0.17 0.16 Dough 5 Intermediate 188 94 

9 Open 1 0.5 

39 Panicle axis 1 Straight 125 62.5 
0.67 0.97 Maturity 

2 Droopy 75 37.5 

40 Apiculus 

colour 

1 White 1 0.5 

0.36 0.26 
Milk to 

maturity 

2 Straw 22 11 

3 Brown 177 88.5 

4 Red 0 0 

5 Red apex 0 0 

6 Purple 0 0 

7 Purple apex 0 0 

41 Culm: 

Internode 

colour 

1 Green 122 61 

0.67 0.49 
Stem 

elongation 

2 Light gold 78 39 

3 Purple lines  0 0 

4 Purple 0 0 

42 1 Slow 130 65 0.93 0.85 Maturity 
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Leaf 

senescence 

3 Medium 40 20 

5 Fast 30 15 

43 Sterile 

lemma 

colour 

1 Straw (yellow) 41 20.5 

1.03 0.93 Maturity 
2 Gold  59 29.5 

3 Red 0 0 

4 Purple 100 50 

44 Alkali 

Digestion  

1 Not affected 

but chalky 

23 11.5 

1.81 0.93 

Maturity 

(After 

harvesting) 

2 Swollen  10 5 

3 Swollen with 

collar 

incomplete or 

narrow 

62 31 

4 Swollen with 

collar complete 

& wide  

43 21.5 

5 Split with collar 

complete and 

wide  

20 10 

6 Dispersed 

merging with 

collar  

16 8 

7 Completely 

dispersed and 

cleared 

26 13 

45 Seed Coat 

(bran) Color 

(SCC)  

1 White  178 89 

0.36 0.26 

Maturity 

(After 

harvesting) 

2 Light brown  17 8.5 

3 Speckled brown 1 0.5 

4 Brown  4 2 

5 Red 0 0 

6 Variable purple  0 0 

7 Purple 0 0 

46 Chalkiness 

of 

Endosperm  

0 None  153 76.5 

0.95 0.67 

Maturity 

(After 

harvesting) 

1 Small (less than 

10%)  

9 4.5 

5 Medium (11% 

to 20%)  

21 10.5 

9 Large (more 

than 20%) 

17 8.5 

Source: (IRRI, 2013), UPOV (2007) 
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NOTE: G: Germplasm, 26: Stem:  Intensity of anthocyanin colouration of nodes, 27: Panicle: curvature of main axis, 28: Spikelet: Lemma pubescence 

density, 29: Spikelet: Lemma tip colour, 30: Lemma and palea colour, 31: Panicle awns, 32: Panicle: awns colour, 33: Panicle:  awns 

length, 34: Panicle: distribution of awns, 35: Panicle: presence of secondary branching, 36: Panicle: attitude of branches, 37: Panicle 

exsertion, 38: Panicle type, 39: Panicle axis , 40: Apiculus colour, 41: Culm: Internode colour, 42: Leaf senescence, 43: Sterile lemma 

colour, 44: Alkali Digestion, 45: Seed Coat (bran) Color (SCC), 46 : Chalkiness of Endosperm. 


