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Abstract 

A total of 120 advanced rice breeding lines along with five checks were evaluated for genetic 

divergence using Mahalanobis D² statistics across nine agronomic traits. The research was carried out 

in Kharif 2024 using Augmented block design. The research was performed at Agriculture Research 

Station, Sakoli, Dist. Bhandara. Analysis using Wilk’s criterion revealed significant variation among 

genotypes. Tocher’s method grouped the lines into five clusters, with the highest inter-cluster distance 

observed between clusters II and V (D² = 84.05), indicating maximum diversity. Superior lines such as 

SKL-18-22-230-77-187-120-60, SKL-18-20-283-108-184-160-105, and SKL-18-22-230-77-170-100-

54 outperformed the check variety Sakoli-8 in grain yield. Lines like SKL-18-03-220-305-374-250-212 

and SKL-18-03-200-305-236-235-134 were identified as promising advanced breeding programs. 

 
Keywords: Rice, augmented block design, advanced breeding lines 

 

Introduction 

Rice (Oryza sativa L.), a semi-aquatic grass of the family Gramineae, is one of the world’s 

most important staple crops, cultivated in 116 countries by over 144 million farm families on 

around 162 million hectares, producing 480 million tonnes of milled rice. Of the 24 species 

in the genus Oryza, only O. sativa and O. glaberrima are cultivated. Rice is a diploid species 

(2n=24) and typically grows 0.5 to 2 meters tall, though some varieties reach up to 6-9 

meters. It provides 20% of global dietary energy, with 90% of milled rice used as human 

food. Nutritionally, rice contains about 87% carbohydrates and 7-8% protein, and is crucial 

for food security, especially in Asia. In India, rice is grown across nearly all states, with West 

Bengal and Uttar Pradesh leading in area and production. Punjab ranks highest in 

productivity (6.5 t/ha). India contributes 30% of global rice production and 55% of the 

country's total cereal output. 

 

Materials and Methods 

The experimental material comprised of 120 advance breeding lines of F7 population along 

with five checks PDKV Sadhana, PDKV Kisan, SKL-8, PKV HMT, PDKV Tilak selected 

on the basis of yield performance of F6 used in the study, grown in Augmented block design 

with spacing of 20 cm × 15 cm. The research was performed at Agriculture Research Station, 

Sakoli, Dist. Bhandara. Total 10 plants were selected randomly from each F7 populations and 

checks in Kharif-2024-25. Observations were recorded on days to 50% flowering, days to 

maturity, plant height (cm), panicle length (cm), number of tillers plant-1, number of spikelets 

panicle-1, number of panicles plant-1, 1000 grain weight (g) and grain yield plant-1(g).  

 

Results and Discussion 

1. Days to 50% flowering 

The data on mean value for days to 50% flowering ranged from 59 to 118 days. Among the 

advance breeding lines studied, 16 were classified as early duration (less than 90 days), 93 

were classified as medium duration (90 to 120 days) and 11 were classified as late duration 

(more than 110 days). The advanced breeding line SKL-18-12-185-166-218-178-105 (59) 

attained earliest flowering followed by SKL-18-05-65-10-48-48-30 (81). The early check 

PDKV-Sadhana flowered at 87 days while late check SKL-8 flowered at 110 days.
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2. Days to Maturity 

The data on mean value for days to maturity ranged from 89 

days to 148 days. Among the advance breeding lines 

studied, 16 were classified in early group (less than 120 

days), 93 were classified in medium group (120 to 140 days) 

and 11 advance breeding lines exhibited late maturity (more 

than 140 days). The advanced breeding line SKL-18-12-

185-166-218-178-105 (89) attained early maturity followed 

by SKL-18-05-65-10-48-48-30 (111) over the early check 

PDKV-Sadhana (117 days). 

 

3. Plant height (cm) 

The data on mean value for plant height at maturity ranged 

from 100.6 cm to 132 cm. The advanced breeding line SKL-

18-21-125-14-34-24-20 (132) was tallest followed by SKL-

18-09-92-40-126-64-91 (130.1) while the advanced 

breeding line SKL-18-18-210-135-127-60-84 (100.6) cm 

was shortest followed by SKL-18-18-210-135-127-60-84 

(100.8). The advanced breeding line SKL-18-21-125-14-34-

24-20 (132) followed by SKL-18-09-92-40-126-64-91 

(130.1) exhibited significant superiority over the best check 

PDKV-Tilak (117.2). 

 

4. No. of Tillers plant-1 

The data on mean value for number of tillers plant-1 ranged 

from 5.4 to 11.8. The advanced breeding line SKL-18-22-

230-77-187-120-60 (11.8) had maximum number of tillers 

plant-1 followed by SKL-18-04-292-204-207-218-156 (11.6) 

while the advanced breeding line SKL-18-18-210-135-127-

60-84 (5.4) had minimum number of tillers plant-1 followed 

by SKL-18-18-70-50-34-28-35 (5.6).  

 

5. No. of Panicles plant-1 

The data on mean value for number of panicles plant-1 

ranged from 4.6 to 11.2. The advanced breeding line SKL-

18-04-292-204-207-218-156 (11.2) and SKL-18-17-172-

107-94-60-83 (11.2), had maximum number of panicles 

plant-1 followed by SKL-18-07-106-184-103-94-27 (10.8) 

while the advanced breeding line SKL-18-18-210-135-127-

60-84 (4.6) had minimum number of panicle plant-1 

followed by SKL-18-18-210-135-127-60-84 (4.8). 

 

6. Panicle length (cm) 

The data on mean value for panicle length ranged from 21 to 

28.3 cm. The advanced breeding line SKL-18-20-200-30-

88-80-50 (28.3) had highest panicle length followed by 

SKL-18-22-264-118-334-218-112 (28.2) while the 

advanced breeding line SKL-18-04-281-148-105-150-89 

(21) had lowest panicle length followed by SKL-18-17-172-

65-81-50-37 (21.2). The advanced breeding line SKL-18-

20-200-30-88-80-50 (28.3) followed by SKL-18-22-264-

118-334-218-112 (28.2) showed significant superiority over 

the best check PDKV-Sadhana (25.9). 

 

7. No. of Spikelets Panicle-1 

The data on mean value for no. of Spikelets Panicle-1 ranged 

from 146.5 to 262.5 cm. The advanced breeding line SKL-

18-18-70-42-18-24-18 (262.5) had highest no. of spikelets 

panicle-1 followed by SKL-18-22-230-77-187-120-60 

(252.3) while the advanced breeding line SKL-18-04-24-48-

32-60-24 (146.5) had lowest number of Spikelets panicle-1 

followed by SKL-18-04-281-148-105-150-89 (160.4). The 

advanced breeding line SKL-18-18-70-42-18-24-18 (262.5) 

followed by SKL-18-22-230-77-187-120-60 (252.3) showed 

significant superiority over the best check PDKV-Tilak 

(220.4). 

 

8. 1000 grain weight (g) 

The data on mean value for 1000 test weight ranged from 

10.36 to 39.16 g. The advanced breeding line SKL-18-20-

200-30-88-80-50 (39.16) had maximum 1000 seed weight 

followed by SKL-18-20-283-108-184-160-105 (28.56) 

while the advanced breeding line SKL-18-01-212-53-125-

67-50 (10.36) had minimum 1000 seed weight followed by 

SKL-18-04-281-148-105-150-89 (10.8) g which is lower 

than the fine check variety PDKV-Tilak. 

 

9. Grain yield plant-1 (g) 

The data on mean value for grain yield plant-1 ranged from 

5.51 to 67.46 g. The advanced breeding line SKL-18-22-

230-77-187-120-60 (67.46) had maximum grain yield plant-1 

followed by SKL-18-20-283-108-184-160-105 (67.3) while 

the advanced breeding line SKL-18-18-210-135-127-60-84 

(5.51) had minimum grain yield plant-1 followed by SKL-

18-04-281-148-105-150-89 (7.8). The advanced breeding 

line SKL-18-22-230-77-187-120-60 (67.46) followed by 

SKL-18-20-283-108-184-160-105 (67.3), SKL-18-22-230-

77-170-100-54 (59.57), SKL-18-03-72-65-11-05-18 (56.9), 

SKL-18-20-200-30-88-80-50 (56.55) showed significant 

superiority over the best check Sakoli-8 (50.4). 

From above observations, it is concluded that advanced 

breeding line SKL-18-12-185-166-218-178-105 shown early 

days to 50% flowering and days to maturity. Advanced 

breeding line SKL-18-01-212-53-125-67-50 exhibited 

minimum 1000 seed weight and the advanced breeding line 

SKL-18-22-230-77-187-120-60 had maximum grain yield 

plant-1. The advanced breeding line SKL-18-22-230-77-187-

120-60 (11.8) had maximum number of tillers plant-1. The 

advanced breeding line SKL-18-18-70-42-18-24-18 (262.5) 

had highest no. of spikelets panicle-1. The advanced 

breeding line SKL-18-04-292-204-207-218-156 (11.2) had 

maximum number of panicles plant-1. The advanced 

breeding line SKL-18-20-200-30-88-80-50 (28.3) had 

highest panicle length.  

 

Wilk’s criterion and D2 statistics 

The analysis of dispersion (Table 1) using Wilk’s criterion 

showed highly significant differences among advanced 

breeding lines for nine traits. Due to the large number of D² 

values from 120 lines and five checks, individual values are 

not presented. Similar studies by Yadav et al. (2011) [9] and 

Ranjith et al. (2018) [6] also reported significant genetic 

divergence among rice genotypes. 

 
Table 1: Analysis of dispersion 

 

Source of variations Df Mean squares 

Varieties 124 1.4260E12 

Error 247 9.7906E-03 

 

Grouping of advanced breeding lines along with five 

checks into different clusters  

The grouping of 120 advanced breeding lines along with 

five checks into different clusters were done by Tocher's 

method are presented in Table 2 and Fig. 1. 
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 Table 2: Grouping of advanced breeding lines into different clusters 

 

Cluster 
Number of advanced 

breeding lines 
Name of the advanced breeding lines 

I 82 

SKL-18-09-80-12-19-36-50, SKL-18-10-29-07-100-49-50, SKL-18-18-81-84-40-57,  

SKL-18-10-65-51-184-108-115, SKL-18-10-63-13-124-74-94, SKL-18-08-115-100-178-184-110, SKL-

18-17-172-107-94-60-83,  

SKL-18-08-115-60-95-84-50, SKL-18-10-65-51-206-215-123, SKL-18-10-29-01-20-16-34, SKL-18-19-

56-03-11-18-12, SKL-18-06-28-90-105-102-118, SKL-18-19-56-03-15-26-28, SKL-18-16-270-200-184-

156-118, SKL-18-04-28-91-36-80-35, SKL-18-16-270-200-198-190-145, SKL-18-18-70-50-34-28-35, 

SKL-18-16-213-140-106-100-50, SKL-18-17-172-65-81-50-37, SKL-18-16-270-160-156-126-88, SKL-

18-18-84-81-93-48-68, SKL-18-17-200-184-111-90-102, SKL-18-09-80-12-14-18-29, SKL-18-08-84-50-

38-51-37, SKL-18-16-213-140-106-100-50, SKL-18-09-126-110-320-205-180, SKL-18-06-13-38-23-50-

34, SKL-18-08-84-21-24-34-24, SKL-18-05-65-46-127-75-60, SKL-18-08-115-85-127-156-88,  

SKL-18-07-106-184-103-94-27, SKL-18-09-107-103-219-108-112, SKL-18-05-120-88-351-108-112, 

SKL-18-10-111-89-318-187-180, SKL-18-22-264-118-334-218-112, SKL-18-19-56-03-24-39-42, SKL-

18-20-270-68-126-105-90, SKL-18-12-185-166-218-178-105, SKL-18-12-44-61-58-50-60, SKL-18-22-

135-48-103-70-30, SKL-18-20-283-108-184-160-105, SKL-18-20-200-30-88-80-50, SKL-18-14-165-205-

380-208-187, SKL-18-05-65-46-108-64-53, SKL-18-20-200-36-36-74-40, SKL-18-20-200-10-05-24-14, 

SKL-18-22-135-04-28-28-15, SKL-18-02-255-210-110-100-92, SKL-18-04-24-48-32-60-24, SKL-18-22-

250-100-260-180-98, SKL-18-22-264-118-338-280-128, SKL-18-06-235-134-216-190-194, SKL-18-02-

192-104-32-50-38, SKL-18-04-24-43-12-20-18, SKL-18-06-13-24-11-34-13, SKL-18-09-126-110-308-

180-136, SKL-18-16-10-39-39-81-25, SKL-18-10-29-07-34-41-43, SKL-18-16-270-200-211-205-190, 

SKL-18-03-182-203-184-208-128, SKL-18-21-145-58-184-96-43, SKL-18-09-92-40-126-64-91, SKL-18-

22-230-77-187-120-60, SKL-18-14-62-85-160-105-48, SKL-18-03-130-75-52-40-45, SKL-18-21-180-95-

194-112-49, SKL-18-14-44-46-78-75-35, SKL-18-14-44-18-05-24-15, SKL-18-12-59-72-122-100-34,  

SKL-18-12-44-58-31-45-38, SKL-18-22-250-100-208-124-84, SKL-18-21-125-14-34-24-20, SKL-18-14-

62-85-184-120-66, SKL-18-14-117-140-318-192-108, SKL-18-04-28-91-48-90-54, SKL-18-04-281-156-

128-168-98, SKL-18-05-120-56-127-100-87, SKL-18-04-292-204-207-218-156, SKL-18-22-135-48-135-

80-38, SKL-18-05-65-10-48-48-30, SKL-18-03-182-154-136-197-100, SKL-18-14-62-108-235-188-89 

II 8 
SKL-18-22-264-118-378-286-160, PDKV-Sadhana, PDKV-Kisan, SKL-18-12-44-48-12-20-30, SKL-8, 

PDKV-Tilak, PKV-HMT, SKL-18-03-220-305-374-250-212 

III 20 

SKL-18-05-120-103-368-120-140, SKL-18-14-44-18-34-65-26, SKL-18-08-115-60-102-102-67, SKL-18-

16-10-39-28-34-10, SKL-18-12-44-61-102-78-70, SKL-18-03-130-75-81-50-50, SKL-18-22-230-77-170-

100-54, SKL-18-04-260-130-92-145-74, SKL-18-01-74-27-30-18, SKL-18-03-130-75-52-25-30, SKL-18-

20-270-68-104-100-83, SKL-18-03-72-65-11-05-18, SKL-18-08-115-100-202-190-135, SKL-18-04-281-

148-105-150-89, SKL-18-18-70-42-18-24-18, SKL-18-02-184-58-12, SKL-18-01-212-53-125-67-50, 

SKL-18-10-29-07-108-63-88, SKL-18-04-292-186-138-184-118, SKL-18-21-125-48-134-38-37  

IV 12 

SKL-18-06-13-38-35-62-78, SKL-18-06-28-76-101-98-105, SKL-18-06-180-108-150-124-144, SKL-18-

07-65-72-72-81-12, SKL-18-06-260-155-306-216-226, SKL-18-06-260-155-237-205-218, SKL-18-06-28-

54-68-86-88, SKL-18-06-184-120-184-135-188, SKL-18-06-180-92-134-113-130, SKL-18-02-213-150-

65-81-43, SKL-18-18-210-135-127-60-84, SKL-18-10-111-77-250-138-156  

V 3 SKL-18-03-200-305-236-235-134, SKL-18-04-292-204-188-205-128, SKL-18-03-165-136-124-83-88 

  

 
 

Fig 1: Dendrogram showing clustering of 120 advanced breeding lines along with five checks by Tocher’s method  
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The entire advanced breeding lines (120) and checks (5) 

were grouped on the basis of D² statistics into five clusters. 

The cluster I was largest comprising of 82 advanced 

breeding lines, followed by cluster III comprising of 20 

advanced breeding lines, cluster IV comprising of 12 

advanced breeding lines, cluster II comprising of 8 

advanced breeding lines, cluster V comprising of 3 

advanced breeding lines. All the checks i.e. PDKV-Sadhana, 

PDKV-Tilak, PKV-HMT, SKL-8 and PDKV-Kisan were 

grouped into cluster II. There were many advance breeding 

lines distributed in other cluster which were highly deviating 

from the check. From the data it can be seen that cluster I 

had maximum number of advance breeding lines. Those 

cluster which did not have the check varieties were 

genetically diverse from the checks and hence there is scope 

for selection of potential advanced breeding lines for yield 

and yield contributing characters. 

 

Average intra and inter cluster distance 

Average intra and inter cluster distance among nine 

characters were worked out by Tocher's method and 

presented in Table 3. Data showed that inter cluster distance 

in most of the cases were higher than the intra cluster 

distance. The intra cluster distance range from 12.64 to 

29.23. Cluster V possessed highest intra cluster distance 

(D²=29.23) followed by cluster IV (D²=24.87), cluster III 

(D²=23.08), cluster I (D²=22.45) and cluster II (D²=12.64). 

The average inter cluster distance was maximum between 

cluster II and V (D²=84.05), followed by cluster IV and 

cluster V (D²=76.13), cluster I and cluster V (D²=61.71), 

cluster II and cluster III (D²=56.84), cluster III and cluster 

IV (D²=50.90) and cluster II and cluster IV (D²=45.42) 

suggesting more variability in genetic makeup of advanced 

breeding lines included in these clusters. From the data it 

can be observed that the average intra cluster distance was 

maximum in cluster V, cluster IV and cluster III and the 

average inter cluster distance was maximum between cluster 

II and cluster V, cluster VI and cluster V. Widely diverged 

clusters remain distinct in different environment. Khatun et 

al. (2015) [2] evaluated 43 genotypes in a randomized 

complete block design with three replications. Cluster 

analysis based on 22 traits grouped the 43 rice genotypes 

into five clusters. Cluster II was the largest and consisted of 

20 genotypes mostly originating from the Philippines.  

 

Cluster means  

The cluster mean for all the nine characters are presented in 

Table 4 and discussed below. The comparison of cluster 

means for nine characters under study marked considerable 

genetic difference between groups. Highest cluster mean for 

days to 50% flowering was recorded by cluster IV (103.66) 

followed by cluster V (103.64) and cluster I (101.13) while 

cluster II (93.83) followed by cluster III (101.02) 

represented the lowest mean for days to 50% flowering. 

Highest cluster mean for days to maturity was recorded for 

cluster V (133.78) followed by cluster IV (133.53) and 

cluster I (131.12) while cluster II (123.93) followed by 

cluster III (131.06) represented the lowest mean for days to 

maturity. Highest cluster mean for grain yield plant-1 was 

recorded by cluster V (63.76) followed by cluster III (43.60) 

and cluster I (24.39) while cluster II (4.54) followed by 

cluster I (7.86) represented the lowest mean for grain yield 

plant-1. Highest cluster mean for number of panicle plant-1 

was recorded by cluster IV (10.76) followed by cluster V 

and Cluster III while cluster II followed by cluster I 

represented the lowest mean for number of panicle plant-1. 

Highest cluster mean for number of spikelets plant-1 was 

recorded in cluster V (228.39) followed by cluster III 

(217.16) and cluster I (210.62) while cluster IV (180.27) 

followed by cluster II (201.00) represented the lowest mean 

for number of spikelets plant-1. Highest cluster mean for 

number of tillers plant-1 was recorded cluster IV (11.05) 

followed by cluster V (9.93) and cluster III (8.99) while 

cluster II (5.36) followed by cluster I (8.41) represented the 

lowest mean for number of Tillers plant-1. Highest cluster 

mean for plant height was recorded in cluster I (114.33) 

followed by cluster III (114.02) and cluster II (112.17) while 

cluster V (108.64) followed by cluster IV (111.82) 

represented the lowest mean for plant height. Highest cluster 

mean for panicle length was estimated by cluster V (26.35) 

followed by cluster III (25.31) and cluster I (24.80) and 

minimum cluster mean was estimated for cluster IV (22.64) 

followed by cluster II (24.14). For 1000 test weight, highest 

cluster mean was estimated by cluster V (31.11) followed by 

cluster III (24.95) and cluster I (18.78) and minimum cluster 

mean was estimated for cluster IV (12.30) followed by 

cluster II (14.45). Over all study for cluster means 

considering all the characters indicated that cluster V 

possessed the highest cluster mean for days to maturity, 

grain yield plant-1, number of spikelets panicle-1, 1000 test 

weight, panicle length and Cluster IV showed the maximum 

mean for days to 50% flowering, number of panicle plant-1, 

number of tillers plant-1. Cluster II possessed lowest mean 

for most of the characters under study such as days to 50% 

flowering, days to maturity, grain yield plant-1, number of 

panicles plant-1, number of spikelets panicle-1 and number of 

tillers plant-1. The variance for cluster means for all the 

characters indicated that the maximum variation was 

accounted for grain yield plant-1 (472.63), number of 

spikelets panicle-1 (330.87), 1000 test weight (59.6), days to 

flowering (16.24), days to maturity (16.24), number of 

panicles plant-1 (5.19), plant height (5.15), number of tillers 

plant-1 (4.57), and panicle length (1.4). It is suggested that 

the selection of advance breeding lines may be made on the 

basis of the characters exhibiting maximum variation and 

expected to be genetically diverse. Thus, from this study it 

can be reported that the advance breeding lines may be 

selected on the basis of these characters namely grain yield 

plant-1 and number of spikelets panicle-1. 

 
Table 3: Average intra and inter cluster distance D2 values in rice 

 

Cluster I II III IV V 

I 22.45 34.12 35.86 34.35 61.71 

II  12.64 56.84 45.42 84.05 

III   23.08 50.90 37.39 

IV    24.87 76.13 

V     29.23 

D̅=20.96 
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 Table 4: Cluster means for nine characters 

 

Cluster 
Days to 50% 

flowering 

Days to 

maturity 

Grain yield 

plant-1 (g) 

Number of 

panicle 

plant-1 

No. of 

spikelets 

panicle-1 

No. of tiller 

plant-1 

Plant height 

(cm) 

Panicle 

length 

(cm) 

1000 grain 

weight (g) 

1 101.13 131.12 24.39 7.86 210.62 8.41 114.33 24.80 18.78 

2 93.83 123.93 10.03 4.54 201.00 5.36 112.17 24.14 14.45 

3 101.02 131.06 43.60 8.62 217.16 8.99 114.02 25.31 24.95 

4 103.66 133.53 17.60 10.76 180.27 11.05 111.82 22.64 12.30 

5 103.64 133.78 63.76 9.02 228.39 9.93 108.64 26.35 31.11 

SD 4.03 4.03 21.74 2.28 18.19 2.14 2.27 1.4 7.72 

Variance 16.24 16.24 472.63 5.19 330.87 4.57 5.15 1.96 59.6 

 

Conclusion 

Advance breeding lines SKL-18-03-220-305-374-250-212, 

SKL-18-03-200-305-236-235-134, SKL-18-02-213-150-65-

81-43, SKL-18-20-200-30-88-80-50, SKL-18-22-230-77-

170-100-54, SKL-18-03-72-65-11-05-18, are significantly 

superior over the checks for grain yield plant-1, number of 

spikelets panicle-1, number of tillers plant-1, number of 

panicles plant-1. 
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