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Abstract

The experiment was conducted at two locations, Awassa and Gofa during 2006 main growing season. The objective
of the experiment was to evaluate the genetic diversity among soybean germplasm introductions. Forty-nine soybean
genotypes were sampled from the introduction populations and used for experimentation. Data were collected on plot
basis for nine traits and from ten randomly sampled plants for the rest eight traits. Protein content was determined
using micro Kjeldhal method whereas oil content was determined using Nuclear Magnetic Resonance Spectroscopy.
Genetic parameters were estimated following the variance components. Genotypes were clustered following the
Mahalanobis's D” distance between genotypes. Relatively high broad sense heritability was observed for plant height
(0.42), days to flower (0.6), days to maturity (0.45), lodging (0.47) and shattering (0.4) indicating the existence of
possibility for selection of varieties which are early, with short height to resist lodging. The clustering of genotypes
based on 17 traits revealed the existence of variability among genotypes. The maximum inter cluster divergence was
observed between genotypes under clusters IX and X hence, the genotypes grouped under these clusters could be
used for crossing if yield superior varieties are planned in the hybrid development program.
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1. Introduction

The major areas of soybean production in the world were restricted to temperate regions until the mid 1940s,
when the area started to expand to tropical and subtropical regions (Tukamuhawba et al. 2002). Soybean is a
short-day plant usually flowers and matures earlier when introduced from temperate to the new tropical and
subtropical regions (Zhihui 1999). The new production areas are characterized by warmer and more humid
conditions, which impose different production problems such as pod shattering and poor seed viability that result in
reduction of yield. However, plant breeding enhanced the adaptation of soybean to a broad range of temperate
environments hence; varieties are now being grown as far north and south as 50° latitude (Gardner & Payne 2003).

The crop was not domesticated to Ethiopia in earlier times that research activities were stared with the introduction
of germplasms. The introductions have been categorized based on their maturity group (broadly early, medium and
late maturing type). There is also variation among germplasms in terms of morphological characters like plant
height, pod number and size, seed size, inflorescence, seed coat color etc. Despite the probable narrow genetic base
of those germplasm introductions, varieties were either recommended or released following selection procedures.
Hence, the objective of this study was to evaluate the genetic diversity of soybean introductions using agronomic
traits so as to characterize and cluster with in introduction populations for further breeding purposes.

2. Materials and Methods

The experiment was conducted at Hawassa and Gofa in Southern Nations, Nationalities and Peoples Regional State
of Ethiopia. Hawassa is 275 km South of Addis Ababa, capital of Ethiopia, and located at 1700 meters above sea
level at 07° 05N' latitude and 38° 29E' longitude. It receives average rainfall of 1110 mm annually with average
maximum temperature of 27.42° C, and minimum of 12.38° C. The soil type is Andosole. Gofa is 520 Km South of
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Addis Ababa at 1400 meters above sea level and lies at 06° 19N latitude and 36° 53E' longitude. It receives 1338.95
mm average rainfall annually with average maximum and minimum temperatures of 29.4° C and 17.63° C,
respectively. The soil type at Gofa is Acrisole.

Forty-nine genotypes of soybean, including six registered varieties, were grown in 7 x 7 simple lattice design
(Allard, 1952) in 2005 main season. The plot size was four rows, 3 m long and 1.6 m wide. The spacing between
plants, rows, plots and blocks was 10 cm, 40 cm, 80 cm and 1 m, respectively. Data were measured on plot basis as
well as from 10 randomly selected plants of each experimental plot. Protein content was determined according to the
methods of C.G. Youngs as described by Stringam et al. (1974). Fatty oil content was determined using Nuclear
Magnetic Resonance Spectroscopy. Analysis of variance for all traits and locations were carried out using SAS (SAS,
2001) statistical package.

The variance components were estimated with mixed model procedure in which location effect is considered as fixed
and genotype, replications with in location, blocks in replication, and the interaction of genotype with location were
considered effects as random. Heritability in Broad sense (h’) and Genetic advance as percent of means were
calculated for all characters according to the method described by Johnson et al. (1955a). Phenotypic coefficients of
variation (PCV) and genotypic coefficients of variation (GCV) were estimated according to Burton (1951) while the
Mahalanobis’s generalized distance (D?) statistics (Bhatt, 1970) was used for clustering of genotypes by assessing
the divergence between genotypes for the traits measured.

3. Result and Discussion
3.1 Genetic Variability

The estimates of genotypic variance, phenotypic variance, broad sense heritability, genetic advance, genetic advance
in percentage of means, and phenotypic and genotypic coefficients of variation are indicated in Table 1. The
magnitude of phenotypic variance was higher than genotypic variance as the latter is a component of the former. The
phenotypic variance (Gzp) is the sum of environmental variance (¢7), genetic variance (ng) and their interaction
(nge). However, the phenotypic and genotypic variance values cannot be used for comparing degrees of variability
since different traits have different means across environments. For this reason the genotypic and phenotypic
coefficient of variations were used. Relatively wider differences between genotypic and phenotypic coefficients were
observed for traits branches/plant, harvest index an grain filling period while relatively narrow differences were
observed for traits days to flowering, shattering and lodging. This implies that traits showed narrow differences
between genotypic coefficient of variation and the respective phenotypic coefficient of variation had relatively low
sensitivity to environmental effects while those with wider differences were affected by environmental factors.

3.2 Heritability

Heritability estimates ranged from 0.00% for harvest index to 59.59% for days to flowering (Table 1). Igbal et al.
(2003) reported the magnitude of heritability ranging from -3.2% for seed/pod to 99.4% for 100 seed weight.
Heritability estimates for days to flowering, lodging, shattering, days to maturity, and plant height were relatively
higher than for other traits. This is in agreement with the findings of Anand and Torrie (1963) and Weber and
Moorthy (1952) who reported high heritability for days to flower, grain filling period, lodging and plant height. In
this study, the heritability of oil content was 39 %. Weber and Moorthy (1952) reported the heritability of 54.7% for
oil content and Johnson et al (1955) also found 67.5 % and 77.6 % in two soybean populations. The heritability of
protein content in this study was very low (8.4%) while Johnson et a/ (1955) reported heritability estimate of 38.9%.
Heritability indicates the ease in which a trait can be improved through selection and could vary with materials
studied and the environment. Therefore, varieties that are early, short in height with shattering resistance can be
developed through selection. Heritability estimates of branches/plant, grain filling period, harvest index, protein
content and seed yield were low (<10%). Low estimates of heritability for seed yield/plant, seed weight, protein
content was reported in previous studies (Kown and Torrie 1964, Anand and Torrie 1963).
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Relatively high heritability (>40%) with high genetic advance (>10%) and genetic advance in percentage of mean
(>20%) was exhibited for only plant height, reflecting the chance that this trait could be further improved through
selection. In line to this Igbal et al. (2003) reported high heritability with high genetic advance as percentage of mean
for plant height. Days to flowering, days to maturity, lodging index, pod shattering and oil content revealed high
heritability (>40) with low genetic advance (<10) indicating delayed for further improvement of these traits through
selection.

3.3 Genotype Clustering

The square of the distance (D?) between any two genotypes was calculated as sum of the squares of the distance
between the mean values of all transformed variables. Totally 1176 D* values were obtained and these values were
tested for their significance using Wilks's criterion (Bhath, 1970). The test showed the existence significant
differences between genotypes in the mean values for the aggregate of 17 traits assessed. The relative contribution of
each trait to the total D* between each pair of genotypes was given in Table 2. The percent of each trait contribution
varied between 0.085 for grain filling period to 20.66 for grain yield/plant. Based on this seed yield/plant, oil content,
days to maturity, and shattering, stood the first, second, third, and fourth, respectively while grain filling period
contributed the least.

The smallest D* value (2.94) was obtained by combining genotypes IPB-849-285D-2 and SR-4-2 while the
maximum D? value (101.84) of the most distantly related combination was between Clark-63k and Moya-80. By
using the criterion of smaller D for determining constellations, 49 genotypes were grouped into 16 clusters (Table
3). The clustering pattern of genotypes did not follow mostly their growth habit. The varieties under production fall
in three different clusters showing the existence of divergence among them.

Intra cluster and inter-cluster divergence value among 16 clusters and their statistical distance were computed (Table
4). Cluster number V showed the least intra cluster D* value (5.53) while the maximum intra cluster D* value (27.75)
was from cluster number XII. This indicates that genotypes under cluster V are with least divergence and genotypes
cluster under XII are with maximum divergence. Since it contained the solitary genotype, cluster number XVI had
zero intra cluster D” value. The inter cluster D* values varied from 12.16 (between clusters V and VI) to 66.56
(between clusters IX and X). It is true that the larger the divergence between the genotypes, the higher will be the
heterosis when hybrid program is planned to develop yield superior variety. Therefore, genotypes could be selected
from clusters IX and X for crossing purpose.

The mean values of assessed traits for 16 clusters were shown in Table 5. Genotypes grouped under cluster II are
averagely with least branches/plant, seeds/plant, and seeds/pod. Those genotypes of cluster V took shortest time to
fill grain and ended up with least seed yield/plant. The genotypes grouped under cluster IX showed longer plant
height, high nodes/plant, and high seeds/plant finally yielded best of all clusters. The genotypes under cluster X were
characterized by shortest height and inter node length, with lowest pods/plant, matured earlier, and were resistant to
lodging. Cluster XII genotypes took longer time to mature but with least mean harvest index. More branchy types of
cluster XIV genotypes produced average maximum seed/pod and finally ended up with lowest seed weight. Those
genotypes of cluster XV took longer time to grain filling and hence with maximum seed weight and protein content.
The long grain filling period probably associated with suitable nutritional conditions for protein since protein is
influenced by environmental conditions until late maturity. Based on the cluster mean one can see that if the
objective of plant breeding is to develop short and lodging resistant and early maturing variety, then genotypes under
cluster X can be used as parent material for crossing.

The clustering of genotypes into groups based on 17 traits assessed revealed the existence of divergence among
genotypes. The magnitude of divergence (measured in terms of D” value) varies with different clusters, which can be
an indication of different hetrosis level that can be attained during crossing. Generally, largest heterosis can be
achieved from the cross of genotypes with highest divergence. This study indicated that, from the genotypes studied,
genotypes grouped under cluster IX and X could be used for crossing if the aim is to develop a hybrid with high
yield.
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4. Conclusion

In this study plant height showed moderately higher heritability associated with higher genetic advance and higher
genetic advance as means of percentage indicates the better chance of selection for shorter varieties that can with
stand lodging than those traits with moderate heritability but having low genetic advance such as days to maturity,
lodging resistance, pod shattering and oil content. The higher genetic divergence observed in this study indicates the
potential of improving yield of soybean by crossing those parents shows highest divergence which can yield
heterosis.
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Table 1. Estimates of means, variance components, PCV, GCV, heritability in broad sense (h%g), genetic advance (GA), and genetic advance as percentage of
mean (GAY) for the combined data

No Traits Mean + SE oty g ol oty PCV GCV ki GA GA%
1 Plant height 583 £1.5% 12000 4289 12361 286.5 28.54 1847 4188 14.64 24,63
2 Inter node length 588 +£004 002 0002  0.0648 00887 1237 594 2307 0.14 5.89
3 Branches/plant 416 £0.03 0003 0.02 00368 00798 14.12 274 3758 0.022 1.10
4 Mods/plant 10.12£001  0.001 0.004 00027 00084 9.18 317 11.8 0.023 2.26
5 Pods/plant 30.1£0.01 0.0045 001 0.009% 0.024 10.68 463 1875 0.06 4.14
6 Days to flower 4717003 2965 1562 4.49 49.76 14.95 11.54 5858 8.68 18.40
7 Days to maturity 9273+£080 3041 6.09 31.65 68.15 8.90 595 4462 7607 8.20
8 Grain filling period 4556082 541 19,12 33.04 57.57 16.65 511 9387 1.472 323
9 Lodging 168003 0.048 0.021 0.034 0.103 2547 1739 466 0.308 24.51
10 Shattering 203£003 005 0.00% 00427 0.102 23.31 1632 4902 0323 2360
11 Seedsiplant 6968 £0.02  0.009 0.003 00184 0.028 9.41 524 3103 0.10% 6.03
12 Seedsipod 242003 0011 0.011 0038  0.0539 1589 681  18.36 0.093 6.03
13 100 seed weight 462027 302 352 346 10.00 21.63 11.89 302 1.872 1349
14 Harvest Index 4001081  0.00 34.27 3191 66.18 1972 0.00 0.00 0.00 0.00
15 Crude protein (%) 3506 £087 389 0.00 36,776 40,65 17.83 563 9958 1.285 367
16 Oi content (%) 181011 0847 0.53 076 213 8.07 5090 3877 1.1%8 6.63
17 Seed yield/plant 9.22£007 0.048 0.287 0.236 0.571 25.53 740 8406 0.131 4.43

SE= standard error, o, =variance of Gx E interaction, o%;=genotypic variance, o= environmental variance, and o% = phenotypic variance,

PCV =phenotypic coefficient of variation, GCV = genotypic coefficient of variation, h®p =heritability in broad sense, GA= genetic Advance, and GA (%) =
genetic advance as percent of mean.

Table 2. Relative contribution of individual trait to population divergence

Number of Percent of
No Trait first rank contribution
1 Plant height 29 2.47
2 Inter node length 6 0.51
3 Branches/plant 5 0.43
4 Nodes/plant 2 0.17
5 Pods/plant 22 1.87
6 Days to flowering 189 16.07
7 Days to maturity 5 0.43
8 Grain filling period 1 0.09
9 Lodging 99 8.42
10 Shattering 145 12.33
11 Seeds/plant 69 5.87
12 Seeds/pod 9 0.77
13 Seed weight 71 6.04
14 Harvest index 23 1.96
15 Protein content (%) 17 1.45
16 Oil content (%) 241 20.49
17 Seed yield/plant 243 20.66
Total 1176 100.00
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Table 3. Clustering pattern of 49 soybean genotypes based on genetic divergence test

Cluster Genotypes Cluster Genotypes
Awassa -95, Cocker—240*,
I |IPB-849-285D-2, SR-4-2 IX |Bossier-2, TGX-1892-10F
II  |Crow ford, Williams-82-1, SR-4-1 X  |PR-157-47-2, TGX-1895-33F
Clark-63k, Davis, Williams, Protona, PR-118 (2780), AGS-234,
I | Tgx-536-100c, V1 X1 F82-7629-3
Pr-41- (339-1), IPB-350-8D-1,
IV  |PR-157-47-1, SS79168-79-9-1 XII  |Moya-80, AGS-162, AGS-208-1, GAIL-2
V  |Duicker-3, TGX-1893-10F XII |GAIL-1, ST-5-1, Impala (18), EPPS-2
VI [UFVI-1, AGS-65 XIV [Hardee-1, FB-82-7629-1
VII [IPB-400-34 (P), AGS-3-1, SR-4-3 XV  |Braxton, ESSEX-1
Forest -2, D75-92-07-1, Monkey hair-2,
VIII |TGM-58-4192-1, TAB 144-81(p) XVI [TGX-1185-10

" Light shaded are released varieties of soybean included in the experiment.

Table 4. Inter cluster D-square values {above diagonal), intra cluster D-soquare values (diagonal and bold), and inter cluster distance wvalues (below

diagonal)

with in 16 clusters of soybean genctypes

Cluster

I I T IV W Wl VILOVIOD W IX

¥ XTI o o Xm IV XV XVI

HEdu~HEgas<288 -

1323 4792 2012 171 1265 2546

6592 1204 5366 4498 3333 2533
4486 7325 1759 244 16463 35
4135 6707 494 2125 139 21.98
3557 57773 4078 3728 553 1216
5428 5033 5916 4638 3487 605
733 3863 7416 7068 6137 5411
5694 5202 6481 5662 4758 4391
778 5628 7182 7387 6046 5041

351 7767 4213 4184 3828 53806
5801 5304 530% 5557 4313 4447
7596 6.24% 7.5%% 7057 6022 473
5873 5437 6351 5477 4635 3962
5957 5946 5432 5882 43554 5106
4682 6007 5017 4232 3891 4184
£.351 6814 5583 £545 5484 6018

5373
14.52
5495
4996
3766
29.28

17.8
5533
507
8.062
4.501
6377
5.908
£.104
£.366
5688

3242 60.53
2706 3167

42 51.58
3206 54.57
2264 3656
19.28 2541
3061 2572
2306 3695
5073 849
5465 B.158
5285 5264
65505 4747
4681 £.132
5918 4811
5461 6298
7304 5396

1232 3365 577 344% 3545 2152 4034
6032 2813 3005 2856 3535 3608 4643
1775 281% 5775 4033 2951 2517 358
17.51 3088 4938 300 346 1751 4284
1465 186 3627 2148 2074 1514 30.07
3371 1878 2237 157 2607 1751 3622
65 2026 4066 3452 3726 4052 4473
41.8 2793 4231 21.91 3503 2982 5335
6656 2771 2253 376 2315 3966 2912
102 3716 603 3517 4055 2032 3882
6086 2426 3665 2614 2218 2675 3628
7765 6057 2775 3825 3362 379 3361
£.259 5112 6265 2365 3512 2532 5452
6368 471 5798 5926 1717 3172 3217
4508 5172 6156 5032 5632 1843 326
6231 6023 5797 7384 5672 571 0
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Table 5. Mean values of 17 traits in16 clusters of 49 sovbean genotypes grown at Awassa and Gofa

Plant Internode  Branches MNodes! Podsf DF T GFP  Lodgng Pod Seeds  Seeds 1005W  HI  Od (%) Protein Seedyieldf
Cluster  height” length™ iplant plant plant  {days) {days) (days) mdex shattermg  fplant  fpod {gm) e €0 plant {grm)
I 4311 473 369 8.85 194 3988 86584 4706 1.27 2.01 6281 273 1472 4413 1884 3341 8.80
o 68,75 6,592 1.25 8.97 206 511 935 4242 302 1.50 4566 238 1469 3600 1833 3360 7.20
m 52,04 4.95 236 986 211 411 26,35 4525 142 307 618 268 1484 4158 1742 2472 2.00
IV 4886 535 429 8.92 208 4294 91.1% 4825 1.05 2.13 61.24 266 1580 4423 1865 3800 2,60
W 50,50 4.85 4.07 10.08 159 4488 8688 4200 121 2.05 5741 2.60 1367 3555 1864 3348 667
VI 58,59 575 415 10.04 2001 515 9638 4488 100 145 5781 262 1396 3556 1863 326586 7.54
VI 7784 718 386 10.89 197 521 9425 4217 307 135 56 2.55 1711 3875 1715 3658 215
VII 6648 610 383 10.86 226 483 94.4 4610 158 1.26 7851 287 1488 421 1815 2260 11.40
jne 21,87 645 433 12.62 227 5463 5783 4325 207 145 9727 329 1342 3897 1611 3854 12,33
X 3903 4.52 402 7.97 203 4063 8625 4563 1.00 237 5834 261 1620 4026 1830 3291 7.39
pas 66,50 597 339 10.92 211 4875 947332 45358 186 244 547 248 1422 3781 1765 3316 697
I 5930 554 467 963 204 5556 10031 4475 136 142 7216 3.02 1247 3500 1718 3737 236
¥ 631 579 388 10.68 222 3013 976% 4756 144 1.59 6610 277 1494 3812 1937 3278 .03
MW 72,29 644 505 11.00 223 4813 8263 4450 207 2.99 4036 315 1055 3884 1793 3510 296
XV 5714 568 467 9.87 207 4425 955 5125 1.10 1.81 57.84 262 1720 3740 1776 3967 276
T 47.00 4775 434 9.08 209 455 92.00 4650 165 145 7.2 282 1419 4480 1433 3486 962

* Measured in centimetre

12
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