INTERNATIONAL JOURNAL OF PLANT SCIENCES
IJ Volume 8 | Issue 1 | January, 2013 | 83-90

ReseArRcHARTICLE

Indentification of genetic divergence in okra genotypes
[Abelmoschus esculentus (L.) Moench]

B K.V. VIJAYA KUMAR, K.T. VENKATESHA, M. ASIF, E. GANGAPPA AND M. PITCHAIMUTHU

SUMMARY

Using M ahalonobis D2 statistic and Tocher method, 166 germplasm lines were grouped into 18 divergent clusters. Clustering pattern
was not associated with geographical region of genotypes. Hence, Geographical separation may not be referred as index of genetic
diversity. Yield per plant, Mean inter-node slength and nodes per plant contributed largely for total divergence, revealing ample scope
for improvement of these traits. Maximum number of genotypes were congregated in cluster XV 111 followed by cluster 1. the highest
inter cluster distance between cluster | and cluster XV 111 emphasized the possibilities of getting high heterotic F, hybrids as well as
transgressive segregants in advanced generationsfor different traits, when hybridization is carried out involving genotypes between

these two divergent clusters.
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ra[ Abelmoschus esculentus (L) Moench.] an annual,

Often cross pollinated crop belongs to the family

Malvaceae; it is an important vegetable crop of the

tropics and subtropics of the world. It has found its place in

Indiasincetimeimmemorial. Okraisalso referred as gumbo,
lady’s finger and bhendi.

The D? statistic is a tool to evaluate large number of
germplasm linesfor their genetic diversity and hel psto identify
genetically divergent parents for utilization in hybridization
programmes, as hybridization between lines of diverse origin
display a greater magnitude of heterosis than those between
closely related strains. Roy and Panwar (1993) suggested that
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the magnitude of resulting heterosis was largely depended
on the degree of genetic diversity in parental lines. Multivariate
analysis with Mahal onobis D? statistics is a powerful tool to
know the clustering pattern to establish the relationship
between genetic and geographic divergence Dhaduk et al.
(2004) and to determine the role of different quantitative
characters towards the maximum divergence (Murthy and
Arunachalam, 1966).

MATERIALS AND METHODS

The material for the study comprised of 166 collections
of okra genotypes. The details of the genotypes used in the
present study are given in Table A. Field evaluation of the
genotypeswas carried out at vegetables sectionin Department
of Horticulture, UAS, GKVK, Bengaluru, during Kharif 2008.
The observations for the present study were recorded on 11
characters, viz, Yield and its attributing characters such as
days to 50 per cent flowering, Plant height (cm), Primary
branches per plant, nodes per plant, inter-node length (cm),
green pods per plant, Fruit length (cm), Fruit diameter (cm),
Number of ridges per fruit, Average fruit weight (g) and green
fruit yield per plant (g). Observations were made on five
randomly selected competitive plants per treatment in each
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TableA: List of okra collectionsused in the present study

Sr. No. Name of variety Source Sr. No. Name of variety Source
1 I1C 43720 NBPGR 43. 1084 Vibha
2. 1C 39137-A NBPGR 44, 1018 Vibha
3. 1C 43736 NBPGR 45. 1081 Vibha
4. 1C 43750 NBPGR 46. 1114 Vibha
5. EC 305619 NBPGR 47. 1108 Vibha
6. 1C 265147 NBPGR 48. 1003 Vibha
7. 1C 069286-Sel-87-1 NBPGR 49. 1089 Vibha
8. SEL 7 Mahyco 50... 2 Vibha
9. SEL 13 Mahyco 51. Parbani Kranti Parbhani
10. Mahyco 12- F Mahyco 52. Arka Abhay IIHR
11. SEL 6 Mahyco 53.. 1080 Vibha
12. SEL 10 Mahyco 54. Pusa Sawani IARI
13. Nunhems -M Nunhems 55. Arka Anamika IIHR
14. SEL 2 Mahyco 56.. 1C 43733 IIHR
15. SEL 11 Mahyco 57. 1C 69242 IIHR
16. SEL 8 Mahyco 58. 1C 140915 IIHR
17. SEL 9 Mahyco 59. 1C 33344 IIHR
18. Punkaj Mahyco 60. PUSA A4 IARI
19. PB 7 ACRP (VC) 61. 1C 282279 IIHR
20. Mahyco 112-M Mahyco 62. I1C 282294 IHR
21. SEL 1 Mahyco 63. EC 329406 IIHR
22. SEL 4 Mahyco 64. 1C 45800 IIHR
23. Shagun Mahyco 65. IC 28226 IIHR
24. SEL 16 Mahyco 66. 1C 43746 IIHR
25. SEL 12 Mahyco 67. 1C 43732 IIHR
26. SEL 3 Mahyco 68. IC 69257 IHR
27. 1111 Vibha 69. 1C 43750 IIHR
28. 1080 Vibha 70. EC 169362 IIHR
29. 1113 Vibha 71 IC 69290 ITHR
30. 1119 Vibha 72. 1C 282296 IIHR
31 1007 Vibha 73. 1C 140906 IIHR
32. 1096 Vibha 74. IC 282292 IHR
33. 1002 Vibha 75. 1C 282284 IIHR
34. 1085 Vibha 76. IC 140910 IHR
35. 1004 Vibha 77. 1C 218894 IIHR
36. 3 Vibha 78. 1C 282286 IIHR
37. 1117 Vibha 79. 1C 45806 IIHR
38. 1012-1 Vibha 80. IC 282282 IHR
39. 1097 Vibha 81 Hissar Unnath Hissar
40. 1006 Vibha 82. IC 140877 IHR
41. 1114-1 Vibha 83. 1C 140927 IIHR
42. 1008 Vibha 84. 1C 282266 IIHR

Table 1: Contd..........
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Table A: Contd........

85. 1C 128885 IIHR 127. 111 Hyderabad
86. EC 329357 IIHR 128. 114 Hyderabad
87. 1C 282232 ITHR 129. KA 032 Raichur

88. 1C 128893 IIHR 130. 1C159 IIHR

89. 1C 282277 IIHR 131 Barka ACRP (VC)
90. EC 169337 IIHR 132. DOV 2 ACRP (VC)
91. 1C 282241 IIHR 133. PB 266 ACRP (VC)
92. 1C 45814 IIHR 134. 102 Hyderabad
93. 1C 282233 IIHR 135. Punjab Padmini PAU

94. 1C 85595 IIHR 137. KA 079 Raichur

95. 1C 128894 IIHR 138. INDOL 03 ACRP (VC)
96. 1C 45831 IIHR 139. HRB55 x HRB-9-2 GKVK

97. 1C 43752 IIHR 140. KA006 x Punjab Padmini GKVK

98. EC 329380 IIHR 141. Mughal Konda Collection Raichur

99. 1C 69237-SEL 86 IIHR 142. DVS 125 ACRP (VC)
100. I1C 282293 ITHR 143. DSN 1 ACRP (VC)
101. EC 169378 IIHR 144. KAO006 Raichur
102. I1C 282269 ITHR 145. Punjab Phalgani PAU

103. 1C 4792 IIHR 146. KA 016 Raichur
104. 1C 128873 IIHR 147. Ujwal Seeds Raichur
105. EC 329360 IIHR 148. PB266 x Arka Abhay GKVK

106. 1C 218873 IIHR 149. DOV 1 ACRP (VC)
107. 1C 282289 IIHR 150. 29 Hyderabad
108. I1C 140929 ITHR 151. DSN 28 ACRP (VC)
109. 1C 128889 IIHR 152. PB266 x 101 GKVK

110. 1C 218877 IIHR 153. GS33 ACRP (VC)
111 1C 140912 IIHR 154. HRB 9-2 Hissar

112. 1C 282230 IIHR 155. HRB 55 Hissar

113. 1C 282229 IIHR 156. Pusa Sawani x HRB-9-2 GKVK

114. 1C 282231 IIHR 157. Larmal x Punjab Padmini GKVK

115. KA 035 Raichur 158. KA 026 Raichur
116. Arya Dhanalaxmi ACRP (VC) 159. KAO006 x HRB55 GKVK

117. Karishma -33152 ACRP (VC) 160. 114 x Larmal GKVK

118. DSV 1 ACRP (VC) 161. Kamini ACRP (VC)
119. Larma-1 Raichur 162. KA 013 Raichur
120. KA 052 Raichur 163. p-7 ACRP (VC)
121. KA 075 Raichur 164. KAO006 x 101 GKVK

122. Punjab Padmini x Arka Abhay GKVK 165. Hosalli Local Koratagere
123. AOL- 03-1 ACRP (VC) 166. Holavanahalli Local Koratagere
124. KA 010 Raichur

125. 106 Hyderabad

126. Local Collection Raichur

Internat. J. Plant i, 8 (1) Jan., 2013: 83-90 @ Hind Agricultural Research and Training Institute
\—/




K.V. VIJAYA KUMAR, K.T. VENKATESHA, M. ASIF, E. GANGAPPA AND M. PITCHAIMUTHU

replication for above characters and the mean of these five
plants was considered for statistical analysis.

Mahalanobis’s (1936) D?- statistic analysiswasemployed
for assessing the genetic divergence among the test entries.
All the n (n -1)/2 D? values were clustered using Tocher’s
method as described by Rao (1952). The averageintracluster
distances were calculated by following the formulae asgiven
by Singh and Chaudhary (1977).

RESULTS AND DISCUSSION

The experimental findings obtained from the present
study have been discussed in following heads:

Clustering pattern of genotypes:
Onthe basi s of magnitude of D? values, all the genotypes
evaluated were grouped into 18 clusters so that genotypes

within acluster had smaller D? valuesamong themselves than
those belonging to different clusters. Cluster 18 consisted of
the maximum number of genotypes (95) followed by cluster 1
with 39 genotypes. The remaining 16 clusters had two
genotypes each (Table 1). Thisindicated the existence of high
divergence among genotypes of okra. All the remaining
clusters were having two genotypes each. Ariyo (1987)
grouped 30 genotypes for five clusters; Bindhu et al. (1994)
grouped 70 genotypesin six clusters and Dash (1997) grouped
27 genotypesin six clusters.

Intraandinter cluster divergencein okravarieties:

The average intra and inter cluster D? values are
presented in Table 2 and average inter and intra cluster
distances (D) = v D?) are presented in Table 3.

Cluster XVIII had the maximum intra cluster distance
(D=7.273) followed by cluster | (D =5.985); whilethe lowest

Table 1: Composition of different clustersfor diversity in okra genotypes

Clusters Number of varieties ~ Genotypes

Cluster 1 39 1C43720, 1C39137-A, 1C43736, 1C43750, EC305619, 1C265147, IC069286-Sal-87-1, Sel7, Sel13, Mahycol2
Female, Sel6, Sel10, Nunhems Male, Sel2, Sel11, Sel8, Sel9,Pankaj, PB7, Mahycol2 Male, Sell, Sel4, Shagun,
Sel16, Sel12, Sel3, 1111, 1080, 1113, 1119, 1007, 1096, 1002, 1085, 1004, 3, 1117, 1012-1, 1C43732

Cluster 2 2 KAO016, 29

Cluster 3 2 1114-1, Pusa Sawani

Cluster 4 2 1081, HRB55

Cluster 5 2 DOV1, KA026

Cluster 6 2 Karishma33152, DVS125

Cluster 7 2 1C282296, 1C282284

Cluster 8 2 1C69290, Local Collection

Cluster 9 2 KAO035, DOV2

Cluster 10 2 1C128893, Pusa Sawani x HRB-9-2

Cluster 11 2 DSN28, P7

Cluster 12 2 1C282266, Indol03

Cluster 13 2 Barka, PB236

Cluster 14 2 HRB55x HRB-9-2, KAQO6 x Punjab Padmini

Cluster 15 2 PB266, PB266 x Arka Abhay

Cluster 16 2 1C282294, 1C43746

Cluster 17 2 1089, HRB-9-2

Cluster18 95 1097, 1006, 1084, 1018, 1081, 1114, 1108, 1003, 1089, 2, Parbani Kranthi, Arka Abhay, PB-7, Pusa Sawani,

Arka Anamika, 1C43733, 1C69242, 1C140915, 1C33344, Pusa A4, 1C282279, EC329406, 1C45800, 1C28226,
1C69257, 1C43750, EC169362, 1C140906, 1C282292, 1C140910, 1C218894, 1C282286, C45806, 1C282282,
Hissar Unnath, 1C140877, 1C140927, 1C128885, EC329357, 1C282232, 1C282277, EC169337,1C282241,
1C45814, 1C282233, 1C85595, 1C128894, 1C45831, 1C43752, EC329380, 1C69237 SEL86, 1C282293,
EC169378, 1C282269, 1C4792, 1C128873, EC329360, 1C218873, 1C282289, 1C140929, 1C128889, 1C218877,
1C140912, 1C282230 , 1C282229, 1C282231, Arya Dhanalakshmi, Larmal, KA052, KAQ75, 1114 x Lormal,
KA010,106, AOL03-1, 111, KA032, 114, IC159, 102,KA079 , Panjab Padmini, Lormal x Punjab Padmini,
Holavana halli, Mugalkhod Collection, DSN1, Hosa halli, KA006, Punjab Phalgani, Ujwal Seeds, PB266 x 101,
KA013, KAQ06 x 101, GS33, Punjab Padmini x Arka Abhay, Kamini, HRB55
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intra cluster distance was noticed in cluster Il (D=1.34). The
other clustersviz., cluster 111 (1.359), cluster 1V (1.391), cluster
V (1.434), cluster VI (1.544), cluster V11 (1.549), cluster V11I
(1.58), cluster I1X (1.587), cluster X (1.608), cluster X1 (1.61),

cluster XI1 (1.689), cluster X111 (1.728), cluster X1V (1.744),
cluster XV (1.833), cluster XV1 (1.92) and cluster XVI1 (1.94)
showed medium intra cluster distance. Indicating their
independent identity and importance due to the unique

Table2: Averageinter and intra cluster divergence (D?) in okra genotypes

Clusters | I 11 \Y% V \ i VIl IX X XI XIl X XV XV XVI XVIE XV
I 35.82

I 2759 1.79

I 2079 868 185

v 2553 483 475 194

\% 282 372 821 368 206

Vi 258 957 88 604 588 239

VII 25.7 19 142 189 164 126 24

VI 2215 1639 7.09 1001 1408 7.73 10.7 25

IX 3068 1139 7.69 762 1053 15.04 2181 1734 252

X 2649 177 1169 1453 1951 1522 2236 814 2306 259

X1 2469 1293 715 831 1466 1397 2076 7.66 1509 3.88 259

Xl 2154 1094 749 778 891 603 587 501 1241 1163 916 285

X1 221 1062 703 1116 1334 11.77 1191 805 128 697 676 7.02 299

XV 2973 813 629 504 1071 1322 277 1496 7.75 1892 1182 1546 1423 3.04

XV 2213 899 541 86 953 1006 655 9.09 822 1532 1076 461 543 1222 336

XVI 2665 845 6.86 1144 1018 1567 1371 16.04 121 2409 1845 1332 1193 116 665 3.69

XVII 26.61 2481 1693 2482 2203 16.21 437 129 3091 2573 2634 10.71 1724 33.06 1251 1662 3.76
XVIII 4514 3231 28.96 3218 3297 3333 3423 3272 3443 3649 3394 30.17 29.04 3596 28.62 3219 3792 529
Diagonal values = intra cluster D? values

Table 3: Averageinter and intra cluster distances (D) in okra genotypes

Clusters | 11 I W4 Vv VI VIl VI 1X X Xl Xl XHE XIV. XV XVIE XVIE - XV
| 5.99

I 525 134

I 456 295 1.36

\% 5.05 22 218 1.39

\% 531 193 287 192 143

\ 508 3.09 297 246 243 154

VI 507 436 377 434 405 355 155

VI 471 405 266 316 375 278 327 158

IX 554 338 277 276 325 388 467 417 159

X 515 421 342 381 442 39 473 285 48 161

XI 4.97 3.6 267 288 383 374 45 277 388 197 161

X1 464 331 274 279 299 246 242 224 352 341 303 169

X1l 4.7 326 265 334 365 343 345 284 359 264 26 265 173

X1V 545 285 251 224 327 364 526 387 278 435 344 393 377 174

XV 471 3 233 293 309 317 25 302 287 391 328 215 233 35 183

XVI 516 291 262 338 319 396 37 401 348 491 43 365 345 341 258 192

XVII 516 498 412 498 469 403 209 359 556 507 513 327 415 575 354 408 194
XVIII 672 568 538 567 574 577 585 572 587 604 583 549 539 6 535 567 6.16 7.27

Diagona values = intra cluster D values

Internat. J. Plant i, 8 (1) Jan., 2013: 83-90 /W\ Hind Agricultural Research and Training Institute
\—/



K.V. VIJAYA KUMAR, K.T. VENKATESHA, M. ASIF, E. GANGAPPA AND M. PITCHAIMUTHU

Table4: The nearest and farthest clustersfrom each cluster based on D? valuesin okra genotypes

Cluster Nearest cluster Farthest cluster
[ 111 (20.79) XVIII (45.14)
I V (3.72) XVIII (32.31)
I IV (4.75) XVIII (28.96)
v V (3.68) XVIII (32.18)
Y, IV (3.68) XVIII (32.94)
i V (5.88) XVIII (33.33)
VI XVII (4.37) XVIII (34.23)
VIII X1l (5.01) XVIII (32.72)
IX IV (7.62) XVIII (34.43)
X X1 (3.88) XVIII (36.49)
Xl X (3.88) XVIII (36.94)
Xl XV (4.61) XVIII (30.17)
X1 XV (5.27) XV (29.04)
XIV IV (5.04) XVII1 (35.96)
XV X1l (4.61) XVIII (28.62)
XVI 11 (6.86) XVIII (32.19)
XVII VII (4.37) XVIII (37.92)
XVIII XV (28.62) | (45.14)

Table5: The mean values of clustersfor quantitative parametersin okra varieties

Clusters DFF PH NPB NPP MIL FL FG NOR AFW NFP YPP

| 40.68 105.43 221 16.46 6.8 13.53 6.54 6.22 14.82 17.67 266.49
I 38 139 1.96 16.27 8.6 13.53 7.01 6.25 16.08 16.25 260.57
I 39.75 133.13 1.83 17.71 7.94 13.83 6.59 6.19 15.94 20.27 324.55
v 36.75 120.44 175 15.25 8 1311 6.76 6.01 16.04 18.81 300.61
\Y 37.75 124.5 1.67 14.25 8.92 13.25 6.94 593 14.24 17.33 244.85
VI 37 90.63 177 11.13 811 13.95 6.42 5.84 13.73 16.44 22593
VI 43.25 75.06 21 1121 6.79 14 6.68 5.62 13.04 15.06 194.3

VIl 395 67.92 1.67 9.75 6.91 12.18 6.2 6.01 13.19 16.33 215.07
IX 385 160 2.67 185 8.87 13.63 7.05 6.11 16.02 22.46 358.72
X 37.75 72.69 1.58 10.04 7.26 12.91 6.67 6.85 15.19 16.75 255.18
XI 37.75 88.13 158 12.58 6.95 12.9 6.85 6.57 16.98 18.42 312.59
XIl 395 78.75 217 12.01 6.62 13.19 6.73 59 13.6 16.76 22761
X1l 40.25 106.17 225 12.46 8.44 13.59 6.87 6.62 16.87 16.67 280.7

XV 37 155.65 2 18.52 8.25 13.42 6.52 6.19 16.61 20.13 339.26
XV 41.25 117.81 225 15.19 7.66 14.17 6.91 6.02 16.01 18.13 290.3

XVI 42.75 159.69 1.86 18.99 8.71 13.79 6.71 6.03 15.3 18.05 271.56
XVII 44.25 77.92 2.03 13.73 6.11 14.09 6.28 5.63 10.8 14.82 159.13
XVIII 405 121 2.26 15.58 8.15 13.66 6.79 6.27 15.56 17.69 277.08
GM 39.57 110.77 1.98 14.42 7.73 13.48 6.69 6.12 15 17.67 266.92

DFF= Days to 50 % flowering, PH= Plant height (cm), NPB= Number of primary branches per plant, NOP= Number of nodes per plant, MIL= Mean inter-
node length (cm) FL= Fruit length (cm), FG= Fruit girth (cm), NOR= Number of ridges per fruit, AFW= Average fruit weight (g) NFP= Number of fruits
per plant, YPP= Fruit yield per plant (g) GM= Grand mean
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characters processed by the strains in these clusters. These
genotypes serve as potentia parentsfor breeding programme.

Among the 18 clusters, the most distant clusters were
cluster | and cluster X V111 (D%=45.14) cluster XV and cluster
XVIIl (D?=37.92) depicted in Table 4 which had equal
divergencefollowed by cluster X1 and X V111 (36.94), cluster X
and X V111 (36.49) and cluster XIV and XV11 (35.96). Thecluster
XVIII maintained greater distance with majority of clusters.
Hence, it isadvisable to select genotypes from these clusters
as potent parents in crossing programme (Table 2 and 3).

Cluster meansfor yield and yield attributes:

Cluster IV included genotypes which are early flowering
(36.75) whereascluster XV 11 (44.25) comprised of |ate flowering
genotypes, cluster IX (22.46) having less number of fruits per
plant and cluster X V11 (14.82) has high number of fruitsper plant.
For number of ridges, cluster V11 (5.62) lowest number of ridges
and cluster X (6.85) highest number of ridges, the cluster V11
(6.20) comprised of lowest fruit girth genotypes and cluster IX
shows largest fruit girth. With respect to fruit length cluster V111
(12.18) included shorter fruit length compared to duster XV (14.17),
in case of fruit weight cluster XV11 (10.80) included genotypes
with lighter weight compared to thecluster X1 (16.98),

Cluster IX (2.67) comprised of genotypes with high
number of primary branches compared to cluster X (1.58),
with respect to nodes per plant cluster V11 (9.75) comprised
genotypes with maximum nodes compared to cluster XVI
(18.99), cluster IX included taller genotypes (160.00) compared
tothecluster VI whichincluded dwarf (67.92) genotypes. In
case of mean inter-node length genotypes include in cluster
V (8.92) comprised moreinter-node length compared to cluster
XVII (6.11), the fruit yield per plant was more in genotypes
included inthe cluster IX (358.72) whilecluster XV11 (159.13)
comprised of genotypes with less fruit yield per plant. This
suggests the selection of parents from different clusters for
improvement of specific characters.

Contribution of various characters towards genetic
divergence:

The contribution of individual character isgivenin Table
6 and depicted in Fig. 1. It is evident from the table that, the
most important characters contributing to divergence was
yield per plant (23.05) followed by mean inter-node length
(16.12), number of nodes per plant (13.04), daysto 50 per cent
flowering (8.62), fruit girth (7.68), plant height (7.62) and number
of primary branches (7.08). The remaining characters viz.,
number of fruits per plant, fruit length, average fruit weight
and number of ridges had lesser contribution towards the
genetic divergence.

% Contribution to Divergence

Fig. 1: Per cent contribution of each character to divergence in
okra genotypes

DFF = Days to 50% flowering, FG = Fruit girth (cm),

PH=Plant height (cm), NOR = Number of ridges per fruit,

NPB = Number of primary branches per plant,

AFW = Average fruit weight (g), NOP = Number of nodes per plant

NFP = Number of fruits per plant, MIL = Mean inter-node length (cm)

YPP = Fruit yield per plant (g), FL = Fruit length (cm)

GM = Grand mean, SE = Standard error

The important characters contributing towards
divergence werefruit yield per plant followed by mean inter-
node length, number of nodes per plant, days to 50 per cent

Table6: Contribution of each character to divergencein okra genotypes

Character % Contribution Rank
Days to 50% flowering 8.62 4
Plant height (cm) 7.62 6
Number of primary branches per plant 7.08 7
Number of nodes per plant 13.04 3
Mean inter-node length (cm) 16.12 2
Fruit length (cm) 4.59 9
Fruit girth (cm) 7.68 5
Number of ridges per fruit 2.75 11
Average fruit weight (g) 2.88 10
Number of fruits per plant 6.57 8
Fruit yield per plant (g) 23.05 1
Total 100
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flowering, fruit girth, plant height, number of primary branches
per plant and number of fruits per plant. These characters
together contribution was to maximum to the total diversity.
Patil et al. (1996) found that mean inter-node length followed
by number of pods per plant, weight of pod and plant height
contributed most towards divergence. These results implied
that in order to select genetically diverse parents to obtain
heterotic hybrids /transgressive segregants, it is better to
classify the materials on the basis of traits such as yield per
plant, number of fruitsper plant, number of branchesper plant,
fruits diameter, number of inter-node sand intermodal length.
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