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Studies on the selection in soybean breeding.

[ Additional data on heritability, genotypic
correlation and selection index.

Chinju Agr. College
Kwon Yawl Chang

SUMMARY

The experimental studies were intended to clarify the effects of selection, and also aimed at estimating the heritabilities,
the genotypic correlations among some agronomic characters, and at calculating the selection index on some selective
characters for the selection of desirable lines, under different climatic conditions. Finally practical implications of these
studies, especially on the selection index, were discussed.

Twenty-two varieties, determinate growing habit type, were selected at random from the 138 soybean varieties
cultivated the year bsfore, were grown in a randomized block design with three replicates at Chinju, Korea, under May
and June sowing conditions. The method of estimating heritabilities for th=2 eleven agroaomic characters-flowering
date, maturity date, stem length, branch numbers per plant, stem diameter, plant weight, pod numbers per plant,
grain numbers per plant and 100 grain weight, shown in Table 3, was the variance components procedures in a
replicated trial for the varieties. The analysis of covariance was used to obtain the genotypic correlations and pheno-
typic correlations among the eight characters, and the selection indexes for some agronomic characters were calculated
by Robinson’s method?®,

The results are summarized as follows:

Heritabilities

The experiment on the genotype-environment interaction revealed that in almost all of the characters investigated
the interaction was too large to be neglected and materially affected the estimates of various genotypic parameters. The
variation in heritability due to the change of environments was larger in the characters of low heritability than in
those of high heritability. Heritability values of flowering date, fruiting period(days from flowering to maturity), stem
length and 100 grain weight were the highest in both environments, those of yield(grain weight) and other characters
were showed the lower values(Table 3). These heritability values showed a decreasing trend with the delayed sowing
in the experiments. Further, all calculated heritability values were higher than anticipated. This was expected since
these values, which were the broad sense heritability, contain the variance due to dominance and epistasis in addition
to the additive genetic variance.

Genotypic correlations

Genotypic correlations were slightly higher than the corresponding phenotypic correlations in both environments, but
the variation in values due to the change of environment appeared between grain weight and some other characters,
especially an increase between grain weight and flowering date, and the total growing period(Table 6). Genotypic
correlations between grain weight and other characters indicated that high seed yield was genetically correlated
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with late flowering, late maturity, and the other five characters namely branch numbers per plant, stem diameter,

plant weight, pod numbers per plant and grain numbers per plant, but not with 100 grain weight of soybeans.
Pod numbers and grain numbers per plant were more closely correlated with seed yields than with other

characters.
Selection index

For the comparison and the use of selection indexes in the selection, two kinds of selection indexes were calculated,
the former was called selection index A and the later selection index B as shown in Table 7. Selection index A was
calculated by the values of grain weight per plant as the character of yield(character Y), but the other, selection
index B, was calculated by the values of pod numbers per plant, instead of grain weight per plant, as the character
of yield'(character Y'). These results suggest that selection index technique is usszful in soybean breeding. In
reality, however, as the selection index varies with population and environment, it must be calculated in each
population to which selection is applied and in each environment in which the population is located. In spite of the
expected usefulness of selection index technique in soybean breeding, unsolved problems such as the expense, time
and labor involved in calculating the selection index remain.

For these reasons and from these experimental studies, it was recognized that in the breeding of self-fertilized
soybean plants the selection for yield should be based on a more simple selection index such as selection index B of
these experiments rather than on the complex selection index such as selection index A.

Furthermore, it was realized that the selection index for the selection should be calculated on the basis of the data
of some 3-4 agronomic characters-maturity date(X;), branch numbers per plant(X;), stem diameter(X3) and
pod numbers per plant etc. It must be noted that it should be successful in selection to select for maturity date(X;)
which has high heritability, and the selection index should be calculated easily on the basis of the data of branch
numbers per plant(Xz), stem diameter(X3) and pod numbers per plant, directly after the harvest before drying and
threshing. These characters should be very useful agronomic characters in the selection of Korean soybeans, determinate
growing habit type, as they could be measured or counted easily thus saving time and expense in the duration from
harvest to drying and threshing, and are affected more in soybean yields than the other agronomic characters.
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Table 1. Means of characters
*@’@‘@'@,@@@l @’@l@
PATEFMUAITHBATHE ¥ R | o8E | ®0K |15 5 L5y vk iirs | 1008 s

(cm) (cm) [:3) & @)
i 62.080 90.88/ 153.41 84.54 4.77 1.32 95.30, 69.83 99.18 21.55 23.17
) 46.91 68.681 115.29 69.19 4.42 1.13 76.68 69.51 98.58 20.12 21.10
Note: [---Sowed on 7th, May, 1964 ®:-+-Stem diameter
IV ---Sowed on 5th, June, 1964 @---Plant weight
@---Days to flowering ®-+-Pod no./plant
@---Days from flowering to maturity (®-++Grain no./plant
@:---Days to maturity @---Grain weight/plant
@:--Stem lengh @D---100 grain weight

®:---Branch no./plant

B1RNA e v o] A TolAo wat
FGETT B sol vk oA BB RolAW &
HHECH Masle 552 BE FlAA Ze7]
Lol AZEe, o) Ze HERLE WD #HEd
& Hre 2o

ojs} e MY AL Etl FHMAA 47 B
o SESHE T8 9 2 BRE G2 H2xs 29
{Table 2).

BEHE 2 BE 4#cE 2 (Table 2) 7 BE =

sl glold & REY FRES REYL 4+ Y
2L 57 HERE(D e £FAKS 100 %
B KBl oAt FBEIL 2ol ). 6 AFBEECN)
o elAe AFAYR-ER- —KRER S 27 B BHE
o heix KA FEZEIT 2l

ROl glelAl e 4 AR 1B EH 100 &
o KRB, 5 REES] BBE BE - 5% RER 5
F 2 ghlE B BRRHEE oA KE HFx
7t Bgich. KERC YiNE Zd kit A B



Table 2. Analysis of variances

D0 | ® ] 066 0 ©) @ | O
Factor [atly D) il @ e 2wl &Pk [ s som| 1 5 1 | 1aam | 1sin s ootim

*# 3k| EXd % %] & | % %] & k| * % % k| kg k% %3k
Variety (21} 284.6009] 160.2078 416.3722 556.4747 1.9524) 0.0335| 1736.7931| 2331.2874| 10246.4037| 266.5698 111.739§
Replication| 2; 0.2850| 2.9695 17.2275 28.2774) 0.3147| 0.0097| 214.1364| 445.1975| 195.2461| 25.9952 13.1025
Error 42/ 0.5579] 11.3983) 3.1796| 20.3128| 0.5528] 0.0063| 224.8705| 139.2325 589.6600| 32.7231| 1.9427

=

. B * ¥, Bk EEd £33 EX3 * %! 33 sk EE] Hk
Variety 21| 110.2597| 190.7453 43229511: 331.4462 0.4706) 0.0153 1028222}: 2157.5062] 8054.6126; 125.3896| 107.9570
IV|Replication| 2| 0.1364] 17.3182 7.0152| 38.2274] 0.1874| 0.0006) 848.0638| 626.2611( 294.8865 8.0405| 4.7665
Error 42! 0.4221F 9.7626; 3.2215, 18.7604] 0.1503 0.0045/ 267.6971) 645.4893] 657.4777} 34.1636/ 3.1048

Note : Characters Q~(D as in Table 1.
* Significant at the 5% level.

[ ---Sowed on 7 th, May, 1964
V---Sowed on 5th, June, 1964

**Gignificant at the 1% level.
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Genotypic variances, environmental variances and heritabilities
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94.6810] 49.6032| 139.8528| 178.7206

SRS Bo™G
36.6125| 60.3276{ 143.0245) 104.2286

0.4665
0.1068

0.0091503.9742| 730.6850| 3218.9146| 77.9489| 36.5960
0.0036| 253.5087| 504.0056) 2465.7116| 30.4087| 34.9507

0.5579| 11.3983
0.4221] 9.7626

3.1796| 20.3128
3.2215| 18.7604

BE S5 Ho%E

0.5528
0.1503

0.0063| 224.8705| 139.2325| 589.6600| 32.7231
0.0045| 267.6971| 645.4893) 657.4777| 34.1636

1.9427
3.1048

B & he

== |2 =2 =

00.4141} 81.3147 97.7770! 89.7943| 45.7667 59.0909] 69.1470| 83.9947
98.8603| 86.0714| 97.7972| 84.7462) 41.5403! 44.4444] 48.6339] 43.8458

84.5176] 70.4324] 94.9591
78.9485) 47.0925] 91.8414

Note : ¢%G---Genotypic variance
o2e---Environmental variance
h2---Heritability
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Il---Sowed on 7th, May, 1964
V---Sowed on 5th, June, 1964
Characters @~ as in Tables 1 and 2.
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Table 4. Phenotypic, genotypic and environmental covariances ([} ---Sowed on 7 th, May, 1964)
‘ ) l ® ‘ ® ® 1 @ ‘ \ @ a ]
BEFEAS | AFHE I o & BIXE E (1 % B | IHKEE | IS | 1HNE | 1008E
® (92.3172) |
Cov. ph 90.4147
® Cov. G 93.2799] (137.1070)
Cov. E —0.0642
Cov. ph 4.9395 3.8400
® Cov. G 5.1610 4.4658)  (0.9976)
Cov. E —0.0559] —0.5308
Cov. ph 0.0933 0.0558| —0.0165
® Cov. G 0.0802 0.0603 —0.0210! (0.0152)
Cov. E 0.0161] —0.0002 0.0034
Cov. ph 10.1542]  35.8234] —1.6669 2.1154
@ Cov. G 10.9563]  26.4157, —2.8863 1.5065| (713.0075)
Cov. E —0.7251 8.7541 1.3913 0.6678
Cov. ph 53.7947|  30.4357 3.4266 1.7318] 597.5552
Cov. G 55.3946)  30.4936 2.3312 1.5816] 509.5712] (856.8492)
Cov. E 0.0714) —0.9194 1.4086 0.1649]  98.2310
Cov. ph 281.3197| 302.9715 13.9168 2.7918/ 994.9545| 1383.3514
®@ Cov. G 287.6954] 311.9432 15.8061 2.9665, 974.7256! 1347.1214/(3697.3953)
Cov. E 2.3210 —1.0620] —1.2330] —0.0941] 45.3272,  71.8072
Cov. ph 59.3978|  68.8568 1.8053 0.6427) 115.3831| 159.3327] 503.7806
® Cov. G 60.7311]  71.2533 2.5258 0.3078  93.3135 128.6047] 401.1717| (108.0512)
Cov. E 0.4759] —0.7255 —0.6031 0.3482| 23.4827)  48.2854] 116.4521
Cov. ph 10.9272)  13.4846 0.3290] —0.1475| —83.1777] —92.8339| —162.2375 7.8563
@ Cov. G 11.4070)  13.4583 0.44097 —0.1598 —93.9164| —103.2934| —169.1721 4.8729, (37.7516)
Cov. E —0.1893 0.0663] —0.0551 0.0030 6.4651 5.1532 0.5574 2.6486

Note : Characters @O~ as in previous tables.
Cov. ph---Phenotypic covariance
Cov. G---Genotypic covariance

Cov. E---Environmental covariance
Phenotypic variances are in parentheses,



Table 5. Phenotypic, genotypic and environmental covariances ([ ---Sowed on 5th June, 1964)
O] ® ‘ ® , ® @ l ©® @ 1 [0}
BATEEE | 4FRE | o H HI X E K11 & & { 1HEH | 1EE | THNE | 1008E
@ (35.8993) ] '
Cov. ph 58.2263
® Cov. G 60.0517 (141.9620)
Cov. E 0.0064 ,
Cov. ph —1.1134] —1.5862
® Cov. G —0.2589] —1.5873/ (0.2549)
Cov. E —0.8949; —0.0717
Cov. ph 0.1370 0.3524 0.0015
® Cov. G 0.1402 0.3544] —0.0052/ (0.0079)
Cov. E 0.0014] 0.0096 0.0071
Cov. ph 53.4277| 98.7879| —0.1839 0.8726
@ Cov. G 54.4246 94.7739 0.1430 0.5010] (531.2629)
Cov. E 0.7627 6.4332| —0.2804 0.3876
Cov. ph 12.8194| —86.6046 4.0404 0.3711] 187.5311
® Cov. G 11.5123| —87.7704 3.8372 0.0734; 110.8126((1133.3954)
Cov. E 1.8233) —2.8126] —0.0122 0.2968  59.8010,
Cov. ph 91.8694| —18.1725 8.7025 0.6308; 323.8857| 1280.8859,
@ Cov. G 97.9599, —17.6873 7.6523 0.6168| 355.5570) 1232.0835((3036.1647)
Cov. E —3.2064 0.0186 1.3117 0.0402| —5.5509, 102.7791
Cov. ph 18.9279 2.8195 0.2578 0.1557|  58.3231}  95.7147| 290.2308
® Cov. G 17.8416 1.9489 0.0348 0.1576| 57.6313] 73.4361 159.8307| (62.8329)
Cov. E 1.6925 1.1785 0.1965 0.0034 4.9776 27.2590| 138.1424
Cov. ph 5.5768 28.6942: —0.8710 0.0025 —12.4474| —94.1123|—173.8183 7.7742
@ Cov. G 5.7254 28.4284| —0.8699 0.0004/ —18.7934 —104.6308) —181.8366) 4.7874; (37.0312)
Cov. E 0.0106) 0.9972| —0.0398 0.0088 4.8604 6.8280) 1.7901 3.3936

Note : Characters @~@D as in previous tables.
Cov. ph---Phenotypic covariance
Cov. G---Genotypic covariance
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Cov. E---Environmental covariance
Phenotypic variances are in parentheses.
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Table 6. Genotypic and phenotypic correlations(on right and left of diagonal line respectively)
[O) @ ® ® @ [©) ® a
BIEER  AFIRM I o B B IR E 8| 1% E | IREE | 1588 | 15EE | 1008E
@ BETEE R 1 \ 0.8106, 0.7766 0.0864 0.0502 0.2106 0.5211 0.7069 0.1938
) 0.8299] —0.1310 0.3862 0.5649 0.0847 0.3260 0.5347, 0.1601
® AHAK i 0.8037 0.5529 0.0535 0.0995 0.0954, 0.4649 0.6824 0.1881
N 0.8156 ~—0.4062 0.4943 0.4977) —0.3269] —0.0298 0.0296 0.4025
® % B K i} 0.5147 0.3283 —0.3226;f —0.1882 0.1263 0.4078 0.4189 0.1067
v —0.3681] —0.2637 —0.2653 0.0275 0.5230 0.4718 0.0193] —0.4503
®%HE & o 0.0838 0.0387] —0.1340 0.7036 0.6135 0.5481 0.3656, —0.2769
] 0.2572, 0.3328, 0.0335 0.5246 0.0545 0.2070 0.4764 0.0011
@1 % B I 0.0396 0.1146| —0.0625 0.6426] 0.8397 0.7653 0.4708/ —0.6919
N 0.3974 0.35971 —0.0158 0.4261 0.3162 0.4497 0.6564 —0.1997
14 %y | 0.1913 0.0888 0.1172 0.4800 0.7589 0.8784 0.5389 —0.5940
N 0.0636, —0.2159 0.2195 0.1240 0.2416) 1.1052 0.5932) —0.7384
@ 18 B i} 0.4815 0.4255 0.2291 0.3725 0.6128 0.7772 0.8009] —0.4929
U 0.2783, —0.0277 0.3128 0.1291 0.2550) 0.6905 0.5837] —0.6194
® 14 HE i 0.5977 0.5657 0.1739, 0.5017 0.4157 0.5236, 0.7970 0.0912
N 0.3985 0.0299 0.0644 0.2210 0.3197, 0.3587, 0.6645 0.1468
@ 100 8 & I 0.1851 0.1874 0.0536] —0.1951] —0.4768 —0.5161] —0.4342 0.1230\
v 0.1530 0.3958/ —0.2835 0.0046] —0.0887] —0.4594f —0.5184 0. 1612‘

FNote : Characters D~ as in previous tables.
fl, V---denote May sowing and June sowing.
Phenotypic correlations of 0.24 and 0.31 are
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A Bl EHIERS ER YA E £FHE-F
B HER, 2ol —EREH 5] ZEsek s =
ge HHb AR —HRER-—HREE T W RN
Al AES ¢ A MELS BEEEE @S Bl
HEe 4+ Q= BE, & EFHE o FEK, 2=
2 —HERCT BRI RS BEBEEA REE
oF & Aoz A=),

3. H:HKER

Bl wlob o] MHEHE Rosinson et al.2e] J5
geol whebA 2,3, 418 HES BHo T AHBRENGE
EIDZ o8 7lA BES daste EBRERES HEH
o 2} o] W) —HRES WEoz ¥ o KE(Y)
o 3 EhismE T REEMN WEEED A
# MEL 4+ d& BHP kES 23 2L HHBK
7 Qe —HRIEHE HHpo s o RHFHMl FAE
F YEE —HENE BR Y 2 € BREES UE
gloh. —HRRE(Y)T —HFREBY ) H3 EBHREEE
g 7k 2 o] wel BE X1 £FRE X E
SRR, Xt HEEK, Xi® —HEEE Jeh
(Table 7).
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necessary to be significant at the 5% and 1% levels,
respectively.

of #at A2 EEH webA L4 BEE PR,
BEe 2EBES HRes v 3EBHE v
o aztA BEY fRESF B FBE Y2 A
o FEEE A
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#el FpEY B RErt = A—3A 43, =%
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23 ol F HEC ¥ 4 Jeod MR- RR-Aud A
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£ 2 7hA BE HeA ol F BEE BHRoZ BRE
BT fFR3te ok & Ao HEH.
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sz, &9 KES A B HEESTT 9 —k
FEE Y 2 3 BMEBERS FRE RESS S

Fobe 23 BREe Ao BEdsEe &34
BSE Ao BEARA 292 #BHED A7) B



Table 7.

Selection index

Selection index A (Y=Grain weight/plant)

Selection index B (Y'=Pod no./plant)

1g=0.0113X3140.5957X:

Iy =0.0134X1+0.2386X2
I1=0.5122X;-+18.3696X,

1¥ =—0.0403X;+21.7448X;,

1§ =0.4902X,+0.1327X,

1y =0.0559X3+0.0691X,

15 =2.9192X,+23.3081X,

Iy =0.0192X>+19.9457X;

11 =0.2044X>+0.1419X,4

1y =—0.9438X5+0.0682X,
In=7.1622X,+0.1418X,

Iy =17.1698%5+0.0502X,

15 =0.4784X;+0.9924X2-+19.5509X,
Iy =—0.0437X1—0.2647X>+21.9497X,
10=0.4844X;+0.2138X,-+0.1394X,

Iy =0.0446X1—0.6143X2+-0.0735X,

17 =0.4904X;-+4.3314X5+0.1239X,

Iy =0.0088X;+16.7408X,10.0600X4
1§ =2.2491X>+8.5950%X;-0.1237Xs

Iy =—0.9548X,+17.0554X5+0.0626X
15=0.5958%;+0.4289X>-6.4548X,+-0.3874X4
1y =—0.6610X1—0.9612X>+17.2822X;+0.0625X4

15 =0.1759X1+1.6596X>
1y =0.4837X14-12.0438X2
11 =0.1803X:+103.3906X
Iy =0.7212X;+41.4617X,

I§ =4.1320X,1-108.5380X,

Iy =15.1058X2+4-6.4400X;

Iy =0.0706X1+3.8509X2+107.9736X;
Iy =—0.5738X;+11.2936X,+32.7204X,

Note: [I, [V---denote May sowing and June sowing,
respectively,
X;j--+Days to maturity
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Xj:+-Branch no./plant

X;---Stem diameter

X4-+-Pod no./plant
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