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Abstract 

Evaluation of twenty traditional rice varieties grown in Karnataka, as a dehusked grain was performed 

with respect to physical characteristics. Traditional rice varieties varied significantly (p<0.05) for physical 

characteristics such as, grain length (4.43 – 8.17 mm), breadth (1.93 – 3.10 mm), L/B ratio (1.69 – 3.66), 

1000 kernel weight (7.98 – 11.03 g), kernel volume (11.3 – 14.47 cm3), and bulk density (0.64 – 0.87 

g/cm3). Grains were classified according to length and L/B ratio. Forty per cent each of the varieties 

analysed were long grain and medium grain types. Remaining twenty per cent rice varieties were classified 

as short grain types. The majority (80 %) of traditional rice varieties were bold based on L/B ratio, whereas 

15 and 5 per cent rice varieties were round and slender respectively. Kernels of five varieties (25 %) were 

translucent, whereas seven (35 %), four (20 %) and four (20 %) varieties showed small, medium and large 

per cent area of chalkiness respectively. 
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INTRODUCTION  

Rice (Oryza sativa L.) is one of the major food crops in the world and more than 50 per cent of the 

world’s population depend on rice as their primary calorie source [1] and increasingly becoming popular 

because of its nutritional and beneficial health properties [2]. Rice occupies pivotal place in Indian 

agriculture and livelihood security system, as it forms the staple food of two-thirds of the population, 

providing 20 to 25 per cent of agriculture income. Rice crop occupies 22.8 per cent of total crop area, which 

is the largest acreage in the world. It is usually consumed as a whole grain after processing and cooking and 

in a regular Asian diet, can contribute for 40 to 80 per cent of the total calorie intake [3,4,5,6]. Commonly, 

rice is consumed as polished white rice with the husk, bran, and germ fractions removed. However, 

consumption of brown rice (hulled rice) is increasing in recent years, due to the increased awareness about 

its health benefits and good nutritional properties due to higher amounts of protein, ash, dietary fibre and 

minerals than white rice [7,8,9]. Through the introduction of modern high yielding varieties, along with new 

management practices and green revolution has led to a considerable increase in rice production in India as 

in other Asian countries. This development has led to a gradual erosion of the rice genetic diversity, since 

thousands of traditional rice varieties were replaced by relatively few high yielding rice varieties [10]. 

Traditional rice varieties have long been consumed in Asian countries e.g., India, Sri Lanka, China, Japan, 

etc. [11,12,13]. Being a major cereal grain, evaluating the physical characteristics of rice has been given 

highest priority. However, studies have not been carried out comprehensively on physical characteristics of 
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the traditional rice varieties in Karnataka, India. Thus the objective of this study was to evaluate physical 

characteristics of traditional rice varieties.  

MATERIAL AND MEHODS 

A. Procurement of traditional paddy rice varieties:  

Twenty traditional rice verities from Karnataka were included in this study. The samples were 

procured from All India Coordinated Research Project on Rice, ZARS, V. C. Farm, Mandya. 

B. Milling of paddy varieties 

Paddy samples were cleaned thoroughly using winnower to remove the chaff and other foreign 

matters and dried in hot air oven up to 12-14 % moisture content and de-husked using a rubber roll paddy 

sheller. Milling fractions include husk, head rice, bran, and broken rice. Head rice were separated from 

milling fractions and used for the study.  

C. Rice grain classification  

Milled rice was first classified into three classes based on length, long (>6 mm), medium (5-6 mm), 

and short (<5 mm). They were again classified into three based on the length/breadth ratio; slender (>3); 

bold (2-3); round (<2) to determine size and shape [14]. Thus, based on the length and L/B ratio, grains 

were classified into long slender (LS), short slender (SS), medium slender (MS), long bold (LB) and short 

bold (SB). 

D. Physical characteristics of traditional rice varieties 

The parameters studied under physical characteristics includes grain length, breadth, L/B ratio, 1000 

kernel weight, bulk density, and chalkiness. 

a. Grain length (mm) and breadth (mm)  

It was determined by using millimeter scale. Ten rice grains were placed either length-wise (with 

their respective ends, germ or distal) or breadth-wise (with their respective sides, dorsal, ventral touching 

each other), on a flat plane surface along a millimeter scale. Cumulative length and breadth were noted and 

averaged. The measurements were repeated three times in each sample [15]. 

b. Length by breadth (L/B) ratio  

Ratio of length and breadth gave L/B ratio. It was obtained by dividing the length of a single kernel 

by the corresponding breadth [16]. A mean of 10 replications is reported. 

c. 1000 Kernel weight (g)  

The 1000 kernels from each cultivar were counted randomly in triplicate and weighed separately to 

determine 1000 kernel weight [4]. 

d. Bulk Density (g/ml)  
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Milled rice kernels from different cultivars were poured into a certain known volume from a fixed 

height and mass of samples occupying the volume was determined. Ratio was calculated as g/cm3 [4]. 

e. Chalkiness of the grain  

The percentage of the chalky area of grain is determined visually and is rated on a scale of 0 to 9 

according to increasing intensity as is given in the Standard Evaluation System for Rice [17]. Scale used for 

endosperm chalkiness; 

Scores          Area of chalkiness (%) 

    0  None  

    1  <10 

    5  10-20 

    9  >20 
 

RESULTS AND DISCUSSION 

A. Grain classification of traditional rice varieties 

Grain size and shape are considered as important criteria for understanding the physical properties of 

rice. Cooking and eating properties are strongly influenced by size and shape of the grain. Significant 

(<0.05) variations in grain size and shape of the nutritionally valuable traditional rice varieties were 

observed (Table 1). Based on the length, grain size of the varieties was long (6.13 to 8.17 mm), medium 

(5.47-6.00 mm) and short (4.43-4.67 mm). Based on L/B ratio, grain shape of the varieties was slender 

(3.66), bold (2.03-2.87), and round (1.69-1.96). Forty per cent each of the varieties analysed were long grain 

and medium grain types. Remaining twenty per cent rice varieties were classified as short grain types. The 

majority (80 %) of traditional rice varieties were bold based on L/B ratio, whereas 15 and 5 per cent rice 

varieties were round and slender respectively. The details on the grain classification (Size and shape) of 

individual rice varieties are shown in Table 2. 

Similar classifications are reported by other researchers. Yadav et al. [15] classified four non-

basmati and two basmati Indian rice cultivars according L/B ratio as short grain, medium grain, and long 

grain. Subudhi et al. [18] categorized forty one elite rice varieties of eastern India depending on L/B ratio, 

13 varieties having long slender grain. The varieties viz., Savitri, Gayatri and Nuakalajeera are classified as 

short bold type. Other varieties are having medium slender grain type. In the present study, forty per cent of 

the varieties analysed were long grain (Gamnad batta, Anandi, Krishnaleela, Kagisaale, Murkan sanna, 

Mysore mallige, Nagabatta, and Gajagunda) and medium grain type (Doddabyranellu, Ratnachoodi, 

Malgudi sanna, Gowrisanna, Chinna ponni, Salem sanna, Karimundaga, and Rajmudi). Remaining twenty 

per cent rice varieties (Rajakaime, Jeerige sanna, Gandhasaale, and Kalajeera) were classified as short 

grain type. 

B. Physical characteristics of traditional rice varieties 

The results of rice grain characteristics include length, breadth, L/B ratio, 1000 kernel weight, 

volume, and bulk density are presented in Table 3. All the varieties exhibited significant differences in all 

the physical characteristics studied (p<0.05).  
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TABLE I.  OVERALL GRAIN CLASSIFICATION OF TRADITIONAL RICE VARIETIES 

Length (mm) 
Varieties 

L/B ratio 
Varieties 

N % N % 

Long (>6) 8 40.00 Slender (>3) 1 5.00 

Medium (5-6) 8 40.00 Bold (2-3) 16 80.00 

Short (<5) 4 20.00 Round (<2) 3 15.00 

Total 20 100.0 Total 20 100.00 

Grain length  

The grain length was found to be significantly different among the traditional rice varieties. Among 

the long grain rice varieties, the average length ranged from 6.13  
TABLE II. INDIVIDUAL GRAIN CLASSIFICATION OF TRADITIONAL RICE VARIETIES 

Category No. Varieties Grain classification 

Long 

grain 

1 Gamnad batta Long slender 

2 Anandi Long Bold 

3 Krishnaleela Long Bold 

4 Kagisaale Long Bold 

5 Murakan sanna Long Bold 

6 Mysore mallige Long Bold 

7 Nagabatta Long Bold 

8 Gajagunda Long Bold 

Medium 

grain 

9 Doddabyranellu Medium bold 

10 Ratnachoodi Medium Bold 

11 Malgudi sanna Medium Bold 

12 Gowrisanna Medium Bold 

13 Chinna ponni Medium Bold 

14 Salem sanna Medium Bold 

15 Karimundaga Medium Bold 

16 Rajmudi Medium Bold 

Short 

grain 

17 Rajakaime Short round 

18 Jeerige sanna Short Bold 
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19 Gandhasaale Short Bold 

20 Kalajeera Short Bold 

Length (mm):  L/B ratio:   
Long (>6)  Slender (>3)   

Medium (5-6)  Bold (2-3)   
                    Short (<5)                     Round (<2) 

(Gajagunda) to 8.17 mm (Gamnad batta). The length of medium and short grain rice varieties ranged from 

5.47 (Rajmudi) to 6.00 mm (Doddabyranellu) and 4.43 (Kalajeera) to 4.67 mm (Rajakaime) respectively. 

Overall, the variety Gamnad batta (8.17 mm) had the highest length followed by Anandi (6.63 mm) and 

least was recorded for Kalajeera (4.43 mm).  

Grain breadth 

Among the long grain rice varieties, the breadth was found to be maximum in Krishnaleela (3.10 

mm) followed by Anandi (3.07 mm), however there was no significant difference found between the 

varieties and least was observed in Mysore mallige (2.20 mm). The breadth of medium and short grain rice 

varieties ranged from 1.93 mm (Rajamudi) to 3.07 mm (Doddabyranellu) and 2.27 mm (Kalajeera) to 2.77 

mm (Rajakaime) respectively. Irrespective of grain type, Krishnaleela (3.10 mm) recorded highest breadth 

followed by Anandi (3.00 mm) and least was recorded in Rajmudi (1.93 mm). 

L/B ratio 

The grain size i.e., the length by breadth ratio (L/B) ranged from 2.05 to 3.66 among long grain rice 

varieties. Rajamudi (2.83) had highest L/B ratio among medium grain rice varieties, whereas, the lowest 

ratio was recorded for Doddabyranellu (1.96). The L/B ratio of short grain rice varieties ranged from 1.69 to 

2.08. Among all the varieties tested, Gamnad batta (3.66) had highest and Rajakaime (1.69) had lowest L/B 

ratio. Bhonsle [19] reported L/B ratio in aromatic rice varieties ranged from 2.0 to 4.8. In the present study, 

slightly lower values were reported (1.69 to 3.66). However, L/B ratio reported by Bhonsle and Sellappan 

[20] ranged from 1.59 to 3.51 in traditionally cultivated rice varieties of Goa. 

1000 kernel weight 

The 1000 kernel weight found significantly highest in Gajagunda (10.51g) followed by Mysore 

mallige (10.45 g) among long grain rice varieties, while the lightest kernel weight was found in the variety 

Nagabatta (7.98 g). Among the medium grain rice varieties, the values ranged between 8.92 g (Malgudi 

sanna) and 11.08 g (Chinna ponni). Further, 1000 kernel weight of short grain rice varieties ranged between 

8.08 g (Rajakaime) to 11.03 g (Jeerige sanna). Irrespective of grain type, Jeerige sanna (11.03 g) recorded 

highest and Nagabatta (7.98 g) recorded lowest for 1000 kernel weight. Thomas et al. [21] reported highest 

thousand kernel weight in glutinous rice (19.43 g) followed by Bario rice (19.23 g) and brown rice (18.66 

g). Lower values were reported in the present study however, Singh et al. [22] evaluated thousand kernel 

weights in twenty three Indian rice cultivars and ranged from 13.3 to 19.9 g. 

Kernel volume 
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The average kernel volume of long grain rice varieties ranged from 12.57 cm3 to 14.47 cm3. 

Kagisaale had the highest volume and least was recorded in Nagabatta (12.57 cm3). Volume of medium 

grain rice varieties was observed between 11.30 cm3 and 14.13 cm3 and short grain rice varieties recorded 

11.83 cm3 to 13.23 cm3. In general, kernel volume was observed to be significantly highest in Kagisaale 

(14.47 cm3) and least was found in Rajmudi (11.30 cm3). 

Bulk Density 

Bulk density is related to the kernel shape i.e. L/B ratio. Bulk density of long grain rice varieties ranged 

from 0.64 (Nagabatta) to 0.78 g/cm3 (Gajagunda). Among the rice varieties of medium grain type, 

Ratnachoodi (0.87 g/cm3) and Malgudi sanna (0.68 g/cm3) showed the highest and lowest bulk density 

respectively. Among the short grain rice varieties, it ranged between 0.68 g/cm3 to 0.84 g/cm3. Overall, bulk 

density found significantly highest in Ratnachoodi (0.87 g/cm3) and least in Nagabatta (0.64 g/cm3). The 

bulk density results were on par with studies of Thomas et al. [21], Singh et al. [4], and Singh et al. [22]. 
 

TABLE III. PHYSICAL CHARACTERISTICS OF TRADITIONAL RICE VARIETIES 

 

Category No. Varieties 
Length 

(mm) 

Breadth 

(mm) 

L/B 

ratio 

1000 

kernel 

weight 

(g) 

Volume 

(cm3) 

Bulk 

density 

(g/cm3) 

Long  

grain 

1 
Gamnad batta 

8.17 a 2.23 h 3.66 
a 10.28 c 13.43 d 0.77 e 

2 
Anandi 

6.63 b 3.00 a 2.21 
fg 

10.24 
cd 14.17 b 0.72 gh 

3 
Krishnaleela 

6.37 c 3.10 a 2.05 
ij 9.31 f 12.73 i 0.73 fg 

4 
Kagisaale 

6.37 c 2.67 cd 2.39 
d 

10.26 
cd 14.47 a 0.71 hi 

5 
Murakan sanna 

6.30 c 2.40 ef 2.63 
c 8.73 h 13.07 

fgh 0.67 j 

6 
Mysore mallige 

6.30 c 2.20 h 2.87 
b 10.45 b 14.23 b 0.73 fg 

7 
Nagabatta 

6.23 cd 2.87 b 2.18 
fgh 7.98 i 12.57 i 0.64 k 

8 
Gajagunda 

6.13 de 2.87 b 2.14 
ghi 10.51 b 13.53 cd 0.78 e 

Medium 

grain 

9 Doddabyranellu 6.00 ef 3.07 a 1.96 j 10.52 b 13.70 c 0.77 e 

10 
Ratnachoodi 

5.97 f 2.63 d 2.27 
ef 10.15 d 11.67 j 0.87 a 

11 
Malgudi sanna 

5.90 fg 2.50 e 2.36 
de 8.92 g 13.17 fg 0.68 j 

12 
Gowrisanna 

5.80 g 2.47 ef 2.35 
de 10.45 b 14.13 b 0.74 f 

13 
Chinna ponni 

5.57 h 2.37 fg 2.36 
de 11.08 a 13.03 gh 0.85 b 
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14 
Salem sanna 

5.53 h 2.07 i 
2.68 

c 9.38 f 13.40 de 0.70 i 

15 
Karimundaga 

5.50 h 2.43 ef 2.26 
ef 9.89 c 12.93 h 0.76 e 

16 
Rajmudi 

5.47 h 1.93 j 
2.83 

b 9.30 f 11.30 k 0.82 c 

Short  

grain 

17 
Rajakaime 

4.67 i 2.77 bc 1.69 
k 8.08 i 11.83 j 0.68 j 

18 
Jeerige sanna 

4.57 ij 2.20 h 2.08 
hi 11.03 a 13.07 

fgh 0.84 b 

19 
Gandhasaale 

4.53 ij 2.23 h 2.03 
ij 

10.26 
cd 13.23 ef 0.78 e 

20 Kalajeera 4.43 j 2.27 gh 1.96 j 10.51 b 13.23 ef 0.79 d 

 F test * * * * * * 

SEm± 0.056 0.044 0.044 0.042 0.068 0.005 

CD at 5 % 0.155 0.122 0.122 0.115 0.188 0.015 

* Significant at 5 % 

Note: Means in the same column followed by different superscript letters differ significantly 

Endosperm chalkiness  

The adverse environmental conditions at the time of ripening of kernels resulted in development of 

fissured, immature, diseased and chalky kernels [23,24]. Lisle et al. [25] reported that chalkiness commonly 

occurs in rice when high temperatures are experienced during grain development. Chalkiness reduces grain 

resistance to forces applied during the milling process, causing a decrease in head rice recovery. The chalky 

grains reduce the palatability of cooked products, thus the presence of more than 20 per cent chalkiness in 

rice kernels is not acceptable in world markets [26]. In the present study, only four (20 %) traditional rice 

varieties showed more than 20 per cent of chalkiness (Table 4 & 5). Kernels of five varieties (25 %) were 

translucent, whereas seven (35 %), four (20 %) and four (20 %) varieties showed small, medium and large 

per cent area of chalkiness respectively. The percentage of chalkiness in fourteen aromatic rice varieties of 

Goa reported by Bhonsle [19] ranged from 13.8 to 64.36. 

The frequency of chalkiness was 100.0 and 75.0 per cent present for varieties having large and 

medium kernel area of chalkiness respectively, whereas 14.3 per cent present for the varieties having small 

kernel area of chalkiness. The chalkiness was occasionally or very occasionally present (85.70 %) for the 

varieties having small area of chalkiness, where as it was 25.0 per cent for varieties having medium area of 

chalkiness. The frequency of chalkiness was 100.0 per cent absent for the translucent rice varieties, which 

did not show chalkiness. The association between kernel area and frequency of chalkiness found to be 

statistically significant (x2=31.39**, p<0.01). The detail of chalkiness score, kernel area and frequency of 

chalkiness of the individual rice variety is given in Table 5. In high yielding varieties, the chalkiness was 

found to be less and ranged from 24.1 to 85 per cent compared to traditional rice varieties [20] and most of 

the traditional rice varieties showed long (>20 %) kernel area extent of chalkiness with 100 per cent 

frequency of occurrence. 

 

TABLE IV.  OVERALL CHALKINESS SCORE, KERNEL AREA AND FREQUENCY OF CHALKINESS IN TRADITIONAL 

RICE VARIETIES 
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Chalki

ness 

scores 

Ker

nel 

area 

(%) 

Varie

ties 

Frequency of 

chalkiness 

X2 

val

ue 

Prese

nt 

OP/V

OP 

Absen

t 

N % N % N % N % 

Translu

cent (0) 
0 5 25 0 0.0 0 

0.

00 
5 

100

.0 

31.

39 

** 

Small 

(1) 
<10 7 35 1 

14.

3 
6 

85

.7 
0 

0.0

0 

Mediu

m (5) 

10 

to 

20 

4 20 3 
75.

0 
1 

25

.0 
0 

0.0

0 

Large 

(9) 
>20 4 20 4 

100

.0 
0 

0.

00 
0 

0.0

0 

Total 
2

0 

10

0 
8 

40.

0 
7 

35

.0 
5 

25.

0 
 

**Significant at 1 % level,            X2 (0.01, 6df) = 12.592 

Note: OP: Occasionally present; VOP: Very occasionally present 
 

TABLE V.  INDIVIDUAL CHALKINESS SCORE, KERNEL AREA AND FREQUENCY OF CHALKINESS IN TRADITIONAL 

RICE VARIETIES 

No. Varieties 

Endosperm 

chalkiness 

(scores) 

Kernel 

area 

extent 

(%) 

Frequency 

 

 Long grains 

1 Gamnad batta 0 None Absent 

2 Anandi 9 
Large 

(>20%) 
Present 

3 Krishnaleela 9 
Large 

(>20%) 
Present 

4 Kagisaale 1 
Small 

(less 

than 

Present 
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10%) 

5 Murakan sanna 1 

Small 

(less 

than 

10%) 

Very 

occasionally 

present 

6 Mysore mallige 0 None Absent 

7 Nagabatta 9 
Large 

(>20%) 
Present 

8 Gajagunda 5 

Medium 

(10 to 

20%) 

Present 

 Medium grains 

9 Doddabyranellu 9 
Large 

(>20%) 
Present 

10 Ratnachoodi 1 

Small 

(less 

than 

10%) 

Very 

occasionally 

present 

11 Malgudi sanna 1 

Small 

(less 

than 

10%) 

Very 

occasionally 

present 

12 Gowrisanna 0 None Absent 

13 Chinna ponni 5 

Medium 

(10 to 

20%) 

Occasionally 

present 

14 Salem sanna 1 

Small 

(less 

than 

10%) 

Occasionally 

present 

15 Karimundaga 1 

Small 

(less 

than 

10%) 

Occasionally 

present 

16 Rjamudi 5 

Medium 

(10 to 

20%) 

Present 

 Short grains 

17 Rajakaime 5 

Medium 

(10 to 

20%) 

Present 

18 Jeerige sanna 0 None Absent 
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19 Gandhasaale 0 None Absent 

20 Kalajeera 1 

Small 

(less 

than 

10%) 

Very 

occasionally 

present 

 

 

CONCLUSION 

The results of this study demonstrated a wide range of physical properties among traditional rice 
varieties, which provided the basic information for future development of food applications using these 
varieties. 
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