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The study on rice germplasm showed considerable genetic variation in different quality characters analyzed. The 
grain length varied from 5.10 to 8.03 mm, grain width from 2.00 to 3.17 mm, cooked grain length from 7.40 
to 12.37 mm, cooked grain width from 3.30 to 7.17 mm, grain elongation ratio from 1.29 to 2.02 and grain 
widening ratio from 1.37 to 3.32. On dry weight basis, moisture contents of genotypes ranged from 8.33 to 10.74 
per cent, amylose from 0.05 to 29.6 per cent, starch from 70.37 to 82.83 per cent, GC from 53 to 100.03 mm, 
GT from 2 to 7, crude fat content from 2.64 to 3.76 per cent, crude protein content 8.10 to 10.32 and lysine 
content from 2.71 to 3.39 (g/100 g of protein). UPGMA based cluster analysis revealed the existence of two 
major clusters (A and B) with additional sub clusters within each major cluster in indica rice genotypes under 
study for grain quality data. The difference between GCV and PCV was less for all characters except GT, which 
indicate greater correspondence between phenotype and genotype and less environmental influence and greater 
role of genetic factors on expression of grain quality traits. Based on above results amylose content trait would 
be highly effective to be used in breeding programmes for improving cooking and eating quality.

Key Words:	 Amylose content, Gel consistency, Gelatinization temperature, Genetic variability, 
Grain quality, Local winter/Sali rice

Introduction
After grain yield, grain quality is the major determinant 
for fetching higher price in the market. With the increase 
in demand for better grain quality in the economically 
developed and developing countries, quality has 
become important breeding objective in rice breeding 
programme in all countries. Quality improvement is also 
gaining prominence as unattractive grain character and 
unsatisfactory cooking quality hampers the acceptance 
and spread of high yielding variety. Rice quality is 
determined by some subjective and objective criteria 
based on the physical appearance of the milled rice, 
the cooking properties and the presence and absence 
of aroma of the rice. Generally, consumer preference 
is based on appearance, milling and cooking processes, 
grain shape and size. 
	 Assam including North-East India, is traditionally a 
rice growing area and in which rice plays a significant role 
in economic and the socio-cultural life of the people of 
the region. Sali or winter rice (June/July-Nov/December) 
is dominant crop of the State covering 17 lakh hectares 
(71 percent of rice area) and contributing 73 percent of 

the total rice production (Anonymous, 2014). Based on 
grain quality parameters farmers traditionally classify Sali 
rice as normal Sali (Sali with coarse grain, Lahi with 
medium grain), Joha (scented), Chakua (semi glutinous) 
and Bora (glutinous). Farmers have been growing a 
large numbers of Sali traditional rice germplasms since 
long back for their livelihood without much information 
about the quality of the germplasm. The breeding efforts 
in Assam are mainly directed towards yield without 
focusing on grain quality parameters of the traditionally 
grown rice varieties of Sali season. A clear understanding 
of genetic base, through the characterization of local 
landraces for grain quality is essential to use them in a 
breeding programme. The information regarding those 
aspects in case of sali landraces are scanty and sporadic. 
Therefore, the present experiment was conducted to 
evaluate nature and intensity of variability in terms of 
grain quality of winter/sali landraces from Assam.

Materials and Methods
The experiment was conducted with 100 local winter/Sali 
rice genotypes including Ranjit (as check) a popular high 
yielding variety, collected from Regional Agricultural 
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Research Station, Assam Agricultural University, Jorhat, 
Assam, India. After harvest, samples were cleaned 
thoroughly using winnower to remove the chaff and other 
foreign matter and dried to 12-14% moisture content. 
Brown rice samples were used for analysis and three 
samples were drawn from same seed lot and treated as 
replication. Moisture content was determined by following 
the methods of AOAC (1970). The genotypes were 
characterized for grain length (mm), grain width (mm), 
cooked grain length (mm), grain elongation ratio after 
cooking, cooked grain width (mm), grain widening ratio 
after cooking following standard procedures (Shouichi 
et al., 1976; Juliano and Perez, 1984). Similarly, alkali 
spreading value (Little et al., 1958), gel consistency 
(Cagampang et al., 1973), starch content (Chopra 
and Konwar, 1976), amylose content (Juliano, 1971), 
crude fat content (AOAC, 1970), crude protein content 
(Scales and Harrison, 1920) and lysine content (Mertz 
et al., 1965) were also determined. The data generated 
from three replications were analyzed using analysis of 
variance (ANOVA) and the genetic parameters such as 
phenotypic coefficient of variation (PCV) and genotypic 
coefficient of variation (GCV), heritability in broad-sense 
(h2), and genetic advance as percent of mean (genetic 
gain) were worked out as suggested by Johanson et al. 
(1955). Correlation coefficients were calculated according 
to Al-Jibouri et al. (1958). For clustering, data were 
analyzed using the software package, NTSYS-pc Version 
2.1 (Rohlf, 2000).

Results and Discussion
The analysis of variance revealed significant variation 
among genotypes for all the characters studied (Table 
1), indicating plentiful genetic variation in the genotypes 
under investigation. Selection of parents is an important 
criterion for the successful breeding programme. 
Sometimes the per se performance of genotypes are 
used for choosing parents. The per se performance of 
genotypes for different quality traits under investigation 
are shown in Table 2. Genetic improvement and success 

Table 1.	 Analysis of variance for grain quality characters in Sali/
winter rice from Assam, India

Characteristics Sources of variation
Replication Genotype Error

df 2 99 198
Moisture 0.00224 1.017** 0.0086
Grain length 0.2916 1.067** 0.0391
Grain width 0.03183 0.408** 0.0169
Cooked grain length 0.41314 3.517** 0.0496
Cooked grain width 0.1747 1.803** 0.0182
Grain elongation ratio 0.00971 0.072** 0.0042
Grain widening ratio 0.00048 0.353** 0.0181
Amylose content 0.00218 226.4** 0.0055
Amylopectin content 0.02936 228** 0.0194
Starch content 0.03387 18.51** 0.0003
GC 0.04843 375.9** 0.0056
GT 38.6533 6.719** 1.7106
Fat 0.02707 0.212** 0.0005
Protein 0.03368 0.876** 0.0037
Lysine (g/100 g protein) 0.00781 0.066** 0.0031

Df: Degrees of freedom; ** Significant at 1% level. Data for grain quality 
characteristics are mean sum of square.

Table 2. Estimates of genetic parameters for grain quality characteristics in Sali /winter rice from Assam, India

Maximum Minimum Mean±SE PCV (%) GCV(%) Heritabilty in  
broad sense

Genetic advance  
(5%)

Moisture (%) 10.74 7.29 9.3248±0.05 6.30 6.22 0.9752 12.65
Grain length (mm) 8.03 5.10 6.356±0.11 9.72 9.21 0.8977 17.98
Grain width (mm) 3.17 2.00 2.490±0.08 15.40 14.50 0.8854 28.11
Cooked grain length (mm) 12.37 7.40 10.3283+0.13 10.60 10.41 0.9589 20.99
Cooked grain width (mm) 7.17 3.30 5.223±0.08 15.00 14.77 0.9704 29.97
Grain elongation ratio 2.02 1.29 1.6315±0.04 10.00 9.21 0.8428 17.42
Grain widening ratio 3.32 1.37 2.1268±0.08 16.90 15.70 0.8605 30.00
Amylose content (%) 29.63 0.05 5.3997±0.04 161.00 160.86 0.9999 331.37
Amylopectin (%) 99.96 70.37 94.5986±0.08 9.22 9.22 0.9997 18.98
Starch (%) 82.83 70.37 76.7985±0.01 3.23 3.23 1.0000 6.66
GC (mm) 100.00 53.00 93.3948±0.04 12.00 11.99 1.0000 24.69
Alkali spreading value 8.00 1.33 5.8733±0.76 31.30 21.99 0.4939 1.87
Fat (%) 3.76 2.64 3.1306±0.01 8.51 8.47 0.9927 17.39
Protein (%) 10.43 8.07 9.3091±0.03 5.83 5.79 0.9876 11.86
Lysine (g/100gProtein) 3.39 2.65 2.9601±0.03 5.24 4.90 0.8731 9.42

PCV: Phenotypic coefficient of variation; GCV: Genotypic coefficient of variation.
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of breeding programmes mainly depend on magnitude of 
genetic variation and extent of heritability for desirable 
characters in the germplasm, therefore conservation of 
variability has immense potential in breeding programmes 
for future generations. Rice grain shape preference 
varies among consumer group and regions and even in 
same region preference varies based on its end use. For 
instance, long and slender grain varieties are preferred 
by consumers in the United States and Western Europe 
and in most Asian countries or areas, including China, 
India, Pakistan, and Thailand; in contrast, consumers 
in Japan, South Korea, and Sri Lanka prefer short bold 
grain cultivars (Unnevehar et al., 1992; Juliano and 
Villareal, 1993; Wan et al., 2006) and in southern part 
of india medium/short slender type of grains are preferred 
(Viratmath et al, 2010) and in north eastern part of India 
short bold and medium slender grain cultivars with 
intermediate amylose content, soft GC and intermediate 
GT are preferred. In the present study, kernel length varied 
from 5.10 mm (Misiri Bora) to 8.03 mm (Pakhori Bora) 
and grain width ranged from 2.00 mm (Kmj Bora-16) 
to 3.17 mm (Silatika Bora, Sontuki). Kernel length with 
L/B ratio determines the grain shape. Very short grain 
and short grain rice class with L/B ratio were classified 
as short bold and medium slender. 18 genotypes were 
short bold, seven ecotypes classified as medium slender 
genotypes. Two genotypes were long slender (Ronga 
Bora-2 and Rupohi Bora-2) and 55 genotypes were long 
bold, 16 genotypes were long slender in grain shape 
with waxy type amylose content (1-2%), soft GC and 
high GT. Two genotypes Kmj Bora-56 and Pakhori 
Bora were extra long with very high (28.40%) and low 
(0.3%) amylose content respectively with soft GC and 
intermediate GT. In the present study, three short bold 
cultivars (Kmj Bora-8, Tangun Bora-2 and Til Kochu 
Bora) with preferred intermediate amylose content, 
soft gel consistency and intermediate gelatinization 
temperature were identified; and one medium slender 
genotypes Kmj Bora-90 was waxy type with soft GC 
and intermediate GT, these genotypes can be used in 
breeding programmes to develop short bold and medium 
slender with desirable or preferred eating and cooking 
quality rice. The length wise elongation upon cooking 
increase in girth is considered most desirable in high 
quality rice. During cooking rice grains absorb water and 
increase in length, breadth and volume (Sood, 1978). In 
the present study, cooked grain length varied from 7.40 
(Kmj Bora-8) to 12.37 mm (Pakhori Bora). Cooked grain 

width ranged from 3.30 mm (Kola Bora-4) to 7.17 (Kmj 
Bora-61). Elongation ratio is an important parameter for 
cooked rice. Rathi et al. (2010) reported that cooked 
grain length varied from 6.5 mm to 10 mm and cooked 
grain width varied from 3 mm to 5 mm in Ahu rice of 
Assam, which is slightly less than present study due to 
difference in cultivars studied. If rice elongates length 
wise, it gives finer appearance and if it expands girth wise, 
it gives coarse look. Rice with high cooked grain length 
with finer appearance are preferred. In the present study, 
the linear elongation ratio varied from 1.29 mm (Kola 
Ampakhi) to 2.02 mm (Kmj Bora-61) while breadth wise 
elongation ratio ranged from 1.37 (Til Bora-1) to 3.32 
(Kmj Bora-61). Srivastava and Jaiswal (2013) reported 
that elongation ratio in short grain aromatic cultivars 
varied from 1.36 to 1.70 with breadth wise expansion 
ratio of 1.12 to 1.54 and in basmati genotypes length 
wise elongation ratio varied from 1.70 to 1.91 while 
the breadth wise expansion ratio of 1.25 to 1.61 and 
non-aromatic types showed linear elongation ratio from 
1.27 to 1.52 and breadth wise elongation ratio of 1.30 to 
1.54. The grain elongation ratio varied from 1.0 to 1.6 
while grain widening ratio was varied from 1 to 2.5 in 
upland rice of Assam (Rathi et al., 2010), which is less 
than present study. 
	 Amylose content is the major determinant of rice 
eating and cooking quality (Kumar and Khush, 1986; 
Juiano, 1993). The amylose content determines the 
stickyness, fluffyness, cohesiveness and tenderness 
or hardiness of the cooked rice. The varieties with 
intermediate amylose content (20-25%) are most preferred 
because they become fluffy, soft, moist and tender after 
cooking. The result of the present investigation revealed 
that altogether 78 of the genotypes could be grouped in 
to waxy (glutinous) category due to very low amylose 
rice (0-12% amylose) as per Juliano et al. (1981). Eleven 
genotypes could be considered as low amylose rice (12-
20% amylose), another six as intermediate amylose rice 
(20-25% amylose) and the remaining four glutinous rice 
genotypes as the high amylose rice (>25% amylose). On 
the other hand, Allahgholipour et al. (2006) considered 
rice with 0-8% amylose as waxy or glutinous rice. In 
this context, about seventy four of the genotypes under 
study could be considered as glutinous. The amylose 
contents in some rice of Assam were recorded to vary 
from 0.95 to 1.25 per cent (Kandali et al., 1995), from 
0.679 to 1.892 per cent (Bahar, 2000) and from 0.92-1.19 
per cent of starch (Bhagabati, 2000) and accordingly 
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classed them as glutinous rice. Even a higher range 
of amylose contents (0.136-11.4%) for some glutinous 
rice of Assam was reported by Bhattacharjee (2006). 
A special class of rice locally known as Chokuwa rice 
(soft rice), indigenous to Assam needs no cooking 
and can be consumed after simply soaking in cold to 
lukewarm water. This rice is characterized by its semi 
glutinous character with amylose content ranging from 
12 to 17 per cent (Barkakaty, 1975). Amylose contents 
in three of the Chokuwa rice varieties were reported to 
range between 15.02-16.95 per cent (Bhagabati, 2000). 
Nine of the glutinous rice genotypes used in the study, 
namely, Kola Ampakhi, Kmj Bora-10, Kmj Bora-80, 
Kmj Bora-90, Lothow Bora, Mon Bora-2, Nashinggeti 
Bora, Rupohi Bora-2 and Tuloxee Bora were found to 
have amylose contents in the range of 8.2-16.63 per cent, 
thus can be considered as chokuwa rice. Such variation 
in amylose contents among the genotypes facilitate the 
breeder to select genotypes in breeding programme in 
developing rice varieties with desired amylose level. 
	 In present investigation, out of 99 local genotypes, 
73 genotypes were found to have low GT (55–68°C, 
ASV: 5-7) and 22 genotypes showed intermediate GT 
(69-74°C, ASV: 3-5). The intermediate ASV indicated 
the medium disintegration and classified as intermediate 
GT which highly desirable for quality grain (Bansal et 
al., 2006). Vanaja et al. (2003) also revealed that high-
amylose rice varieties absorb more water, have low 
gelatinization temperature and produce more cooked 
material. Park et al. (2007) postulated that the crystalline 
regions of non-waxy (high amylose) rice starch restricted 
the hydration of amorphous regions whereas waxy (high 
amylopectin) rice starch consisted mostly of crystalline 
regions and thus could begin gelatinization at a lower 
temperature. Singh and Singh (2006) found the alkali 
spreading value between 2.5 to 7.0 with low variation in 
some of the scented varieties of rice. Out of 100 ahu rice 
genotypes of Assam, 97 genotypes showed low GT range 
(55–68ºC) with ASV 5.0-7.0 (Rathi et al., 2010). The 
findings of the present study are, thus well comparable 
with these reports. In the present investigation, the range 
of fat content of 99 rice genotypes was 2.64-3.76 per 
cent and the values were found close to the findings 
of many earlier workers. Juliano (1977) recorded lipid 
content from 2.4 to 3.9 per cent in brown rice, 17.5-
21.7 per cent in bran and 0.3 to 0.6 per cent in polished 
rice. The lipid content in glutinous rice of Assam was 
reported to vary from 2.22 to 3.62 per cent (Dutta and 

Baruah, 1978). Bhagabati (2000) recorded a little lower 
range of 3.34 to 3.51 per cent crude fat in glutinous rice 
varieties of Assam. The range of crude protein content 
in the rice genotypes including Ranjit was varying from 
8.1 to 10.32 per cent. Juliano et al. (1964) reported the 
average protein content of brown rice in the range of 
7.32 to 13.46 per cent for indica varieties. Kandali and 
Borah (1992) reported that the grain crude protein in 19 
local rice varieties of Assam varied between 8.4 to 14.0 
per cent on dry weight basis. The crude protein content 
of three glutinous rice varieties of Assam was found to 
vary from 9.96 to 10.39 per cent (Kandali et al., 1995). 
Bhagabati (2000) revealed the crude protein content of 
nine different Assam rice varieties from 9.23 to 11.29 
per cent. Thus the present findings conform to all these 
earlier reports. Lysine content of rice genotypes ranged 
from 2.71 to 3.39 g/100g protein and the value was 
comparable to the findings of Pathak (2008). However, 
the lysine content in rice genotypes used in the study was 
found to be lower than the reported values by Sekhar et 
al. (1982) and Begum et al. (1993). A wide variation 
in lysine content (1.73 to 7.13 g/16 g N) in milled rice 
grains of some Indian rice land races was reported by 
Banerjee et al. (2011). The average lysine contents in 
the rice land races were recorded as 4.62 g/16 g N which 
was much higher than the present findings. They observed 
that variation for lysine content was higher than that of 
protein content. These results indicated the existence of 
wide genetic variability for eating and nutritional quality 
parameters in among the genotypes studied. The variation 
in the lysine content of rice grains may primarily be due 
to genotype differences, genetic makeup of the genotypes, 
climatic condition, nutrient status of soil as well as the 
analytical methods used (Baishya et al 2010).
	 Various variability parameters studied are presented 
in the Table 2. The difference between GCV and PCV 
was less for all characters except GT, which indicate 
greater correspondence between phenotype and genotype, 
and less environmental influence and greater role of 
genetic factors on expression of grain quality traits. 
Similar results were obtained by Rathi et al. (2010) 
and Subbaiah et al. (2011). Among the grain quality 
parameters very high GCV and PCV was recorded for 
amylose content which indicate enormous variability for 
amylose content in the present study material and vast 
scope for region specific improvement of amylose content. 
However protein content and lysine content showed low 
PCV and GCV estimates, indicated limited scope for 
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selection within the experimental materials. Babu et al. 
(2012) and Shejul et al. (2013) reported low PCV and 
GCV with low genetic advance for protein content; Rathi 
et al. (2010) and Arulselvi et al. (2007) reported high 
heritability with low genetic advance for starch content, 
which supports the present findings. High heritability 
with low genetic advance indicates that these characters 
were predominantly governed by non-additive gene action 
(dominance and epistasis). Vaneja et al. (2006) reported 
low GCV and PCV with high broad sense heritability and 
for grain length and kernel elongation ratio. Ogunbayo 
et al. (2014) reported similar finding for grain length. 
However, broad sense heritability includes both additive 
and non additive effects. Heritability estimates along 
with genetic advance is more reliable in selection of 
individuals than heritability estimate alone (Johanson et 
al., 1955). High heritability coupled with high genetic 
advance as per cent of mean was recorded for amylose 
content, which indicates preponderance of additive gene 
action and can be improved through simple selection. 
High heritability with moderate genetic advance recorded 
for grain widening ratio. Low heritability along with 
moderate genetic advance was recorded for gelatinization 
temperature. High heritability with low genetic advance 
was recorded for starch content, gel consistency, grain 
length, grain elongation ratio, amylopectin, grain width, 
cooked grain length, cooked grain width, fat (%), protein 
(%) and lysine content (%).Heritability in conjunction 
with genetic advance would give a more reliable index 
of selection value (Johnson et al., 1955). The high 
heritability estimates along with low genetic advance 
indicates that non-additive type of gene action and 
genotype-environment interaction plays a significant 
role in the expression of the traits. Thus the characters 
showing high heritability along with moderate or low 
genetic advance could be improved by intermating the 
superior genotypes of segregating population developed 
from combination breeding (Samadia, 2005).
	 In the present study, genotypic and phenotypic 
correlation coefficients were studied for grain quality 
characteristics are presented in Table 3. The genotypic 
correlation coefficients in most cases were higher than 
their phenotypic correlation coefficients indicating the 
major role of genetic factors for association (Pandey 
et al, 2012; Ehdaie et al, 1989; Ullah et al, 2012). 
Amylose content is negatively correlated with alkali 
spreading value (ASV), a measure of the time required 
for cooking. ASV is inversely proportional to GT. This 

indicate that rice varieties with high amylose content 
have high gelatinization temperature, amylose tends to 
act as a restraint to gelatinization because it diffuses out 
of the granules during swelling, making up the continuous 
phase (network) outside the granule (Hermansson and 
Svegmark, 1996). The GT affects the degree of cooking 
of rice because of the cooking gradient from the surface 
to the core of the grain. In the present study most of the 
genotypes possess low GT and GT correlates directly 
with cooking time, i.e. low GT favours fuel conservation, 
provided eating quality is not adversely affected. Park et 
al. (2007) postulated that the crystalline regions of non-
waxy (high amylose) rice starch restricted the hydration 
of amorphous regions whereas waxy (high amylopectin) 
rice starch consisted mostly of crystalline regions and 
thus could begin gelatinization at a lower temperature. 
Generally gel consistency is negatively related with 
amylose content. Gel consistency decide either rice 
remain soft (gel consistency->than 60 mm gel length) or 
medium (gel consistency-41-60 mm gel length) or hard 
(gel consisteny-<than 40 mm gel length) after cooking. 
Odenigbo et al. (2013) reported negative correlation 
between amylose content and GC, but in present study 
there was no correlation observed between amylose 
content and GC. The negative correlation between grain 
elongation and amylose content was observed, which 
indicates that cultivars that elongate more during cooking 
would likely have a decreased content of amylose. This 
finding is similar with the finding of Oka et al. (2012). 
The negative correlation between amylose content and 
cooked grain width and grain widening ratio indicate 
that cultivars with low amylose content swell more and 
would have more grain widening ratio. Grain elongation 
showed positive correlation with GT, indicates that cooked 
grain elongation increases with increase in gelatinization 
temperature but high gelatinization temperature elongates 
less during cooking than low and intermediate gelatinizing 
rice. Therefore, here GT showed positive correlation 
with grain elongation. This finding was similar with 
the findings of Perez et al. (1987). Amylose content 
showed negative correlation with grain width and grain 
widening ratio, thus it is not possible to breed for low 
amylose content variety with fine grain. Amylopectin 
showed positive correlation with starch content, which 
is in conformity with the findings of Rathi et al. (2010) 
and Chakraborty et al. (2009), who reported positive 
correlations of starch content with amylopectin content. 
GT was negatively correlated with fat. The lysine content 
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of the rice genotypes was found to be negatively correlated 
(r= -0.750) to the protein contents. Juliano et al. (1973) 
observed a negative correlation between the lysine content 
of protein and protein content of brown and milled rice 
only in samples with protein below 10 per cent. As protein 
content increased water-soluble nitrogen also increased 
as a percentage of brown rice. Lasztity (1996) reported 
that a negative correlation between protein and lysine 
content. He explained the negative correlation by the 
fact that increase in protein content is highest in the 
starchy endosperm and lower in the germ and aleurone 
layer. This suggests that the increased biosynthesis of 
the protein mainly produces storage proteins. Above 
discussion revealed that rice grain quality index can be 
improved by decreasing the breadth of the grain. The 
desired characters showing significant positive correlation 
can be improved with simple selection for one trait, while 
the desirable characters showing significant negative 
correlation compromise has to be done in deciding the 
extent of loss of one traits over other during selection.

Diversity Analysis
UPGMA Cluster analysis revealed the existence of two 
major clusters (A and B) with additional sub clusters 
within each major cluster in indica rice genotypes 
under study for grain quality data (Fig. 1). The cluster 
A comprised of short bold (8 genotypes), long bold 
(12 genotypes), basmati type (5 genotypes) with one 
medium slender and one long slender genotype and 
extra long slender. The cluster B comprised of short 
bold (12 genotypes), long bold (42 genotypes), basmati 
type (12 genotypes) with four medium slender and one 
extra long slender genotype. Average amylose content 
(AC) (23.50 %), grain length (8.0 mm), grain width 
(2.89 mm), cooked grain length (11.10), cooked grain 
width (4.83 mm), grain widening ratio (1.94) and fat 
percentage (3.35 %) of sub cluster A2 was greater than 
sub cluster A1 which have average amylose content 
17.68 %, grain length 6.18 mm, grain width 2.48 mm, 
cooked grain length 8.86 mm, cooked grain width 4.56 
mm, grain widening ratio 1.86 and fat percentage 3.10 
%. A1 sub cluster was characterized by non waxy type 
amylose content; soft gel consistency, high protein 
percentage and majority of genotypes have medium 
type grain length. A2 sub cluster was characterized by 
very long grain type, intermediate GT, soft GC and 
low lysine content. B1 sub cluster comprised of three 
genotypes, these genotypes were characterized by waxy 
type genotypes, broad type grain width, high lysine, 

fat, moisture content and low protein content. B2 sub 
cluster comprised of 68 genotypes, these genotypes were 
characterized by waxy type amylose content, high GT, 
high cooked grain width, high grain widening ratio, high 
starch content and low moisture content. 
	 Rice varietal improvement for grain quality is 
directed towards improving traits associated with 
consumer acceptance, nutritional quality and post harvest 
processing. All characters showed high broad sense 
heritability estimates except GT, which suggest that 
selection based on phenotypic performance, would be 
effective in improvement of these traits. Based on above 
discussion amylose content trait would be highly effective 
to be used in breeding programmes for improving cooking 
and eating quality. These local genotypes must not be 
left out, since they form a rich resource for incorporation 
into breeding programmes.
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Fig. 1. UPGMA cluster analysis based on grain quality characteristics of local winter (Sali) rice of Assam, India.
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