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Soybean varieties introduced from overseas were, as mentioned in our
previous paper (Lu ef al. 1967), either adaptive to one of the two crop seasons
found in Taiwan, or inadaptive to any season. Generally, their yield was
fluctuating and unstable. As the history of development of the Ponlai rice.
varieties indicates, it seemed that hybridization should be conducted in Taiwan
for obtaining really adaptive genotypes. ;

Though no introduced varieties seemed to be adapted to spring as well ‘as
summer season, we have adopted a selection plan generally used in Taiwan
for rice breeding, that is growing segregating generations successively in two
crop seasons and repeating selection, advancing by two generations every-year.
The results showed that a partof the progeny lines thus selected were adapted
to both seasons and their yield was relatively stable in different years, as is

reported in'this paper. ' ’

“ Materials and Methods

Varieties of various -origins shown in Table 1 were used as cross-parents.
Cross combinations were chosen so that a strain selected from a Taiwanese
green-manure variety was mated with introduced varieties having different
photoperiod and temperature respbnses. Of 12 crosses so far made, seven from
which promising lines were obtained and one used for estimatiﬁg genetic
parameters are listed in Table 2.

As already mentioned; the hybrid populations were raised successively in
spring and summer crop-seasons. - The F, to F, or Fs populations were grown
in bulk and a weak mass selection was made eliminating a few inadaptive
~ plants. The size of a bulk population was 2000 to 3000, A number of plants
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Table 1. Parental varieties used for hybridization.

‘%?)c Local name Origin Type** I I I w
2 Hsingying-tatou ) North China Inadapt, 44 64 9 4.5
5 Nungyuan-1 Taiwan* Spring 47 57 5 6.0
6 Pingtong-chingpitou Taiwan Summer 64 81 15 54
9 Utou : Taiwan Spring 57 57 8 7.6
L 127 Jikkoku Japan . Spring . 45 59 11 5.8 ..
o & " 142 | “Tamana-zairai Japan ' Inadapt. 44 46 24 5.2
144 | Sangoku - Japan = Summer 53 72 21 45
145 Yonegake Japan Summer 51 70 27 2.4
173 Wakajima Japan . _Summer 51 70 7 4.4
203 | Palmetto U.S. A. Summer 54 72 8 55
227 Avoyelles U.S A, Summer 52 70 32 2.4

*

Pure-lines selected from green-manure varieties native to Taiwan.

: Adaptive to spring or summer crop-season, or inadaptive in any season (Lu et al. 1967).
Average number of days to flowering of plants seeded at different dates.

Average number of days from flowering to maturity.

: Day-length sensitivity in T. D. M. degree.

Index of temperature response (shortening of the days to flowering due to 1°C rise, in %).

*
*

HdEEn

Table 2. Cross combinations and number of progeny lines tested.

" Symbol | Combinati Crop-season No. of liqes tested . vNo. of lines
ymbo 9m ination v of Fs ‘ Fs T Fy Fs selected

A 5x 2 Spring 1956 100 459 63 12 3

B 5x127  Summer 1956 80 2 30 3 2

c 5><144 Summer 1956 109,30 2 6 2
5x227 Summer 1956 253 50 3 1
5x145 Summer 1956 240 oo} 102 5 19

F  5x142 Summer 1966 4 8} 62 8 4

G 127% 9 Summer 1956 - 715 9¢ b 150

N 203127 Summer 1959 200 200 12 5 5

were selected from F; or F5 populations and pedigree lines were raised,
as shown in Table 2. Line and plant selections were -continued- until
Fi. The materials were space-planted according to the scheme -mentioned in’
our previous paper. Yield trials of short strains (50 cmor less in plant height)
were tade at a high planting density, 45cm (row interval)x15cm (between-

‘plant space), instead of 50 cm X20cm.
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Results

1. Genetic variations in hybrid populations. ,

Examples of the variances of plant weight obtained from F, to F, hybrid
and parental populations are given in Table 3. The data in the table show
that the hybrid populations grown in the spring season tended to have larger
variances than those grown in the summer season. It is also found that in
Cross E the F; population in spring had a markedly smaller variance than the
F; had in the same season. This is indicative of the effect of natural selection.
C and other crosses also showed the same tendency. They produced more
promising strains than those not showing this tendency.

Table 3. Variances of plant weight in parental strains and
hybrid populations (Unit: gm?).

Cross-PyxP; | Generation - Date seeded Ve, Ve, “Vighia h? (%)
R Mar. 2 .33 33 123 73
(B) 5x227{ o Fg July 25 36 63 76 36
Fy Feb. 24 50 140 200 53
Fs Mar. 2 33 * . 489 -
(E) 5x145 { Fy July 10 37 206 158 -
Fy Feb, 14 50 * 87 —
Fi Mar. 2 10 40 288 89
(G) 127x9{ Fy Aug. 2 22 50 46 22
Py Feb. 24 49 187 267 56

* Not reaching maturity
1
VHYMM—-—-2 (Ve, +Vs,)

¥ %100

ht=
. Hybrid

Heritability values' were estimated by subtract{ng the mean parental
variance from the phenotypic variance of hybrid populations. Those obtained
from the data for two F; populations seeded at different dates are given in
Table 4. - The vtab‘le shows that populations grown in spring generally had
higher heritability than those grown in summer. It also shows that a 20-day
difference in seeding date in the spring season gave rise to considerable
differences. in heritability value, suggesting that the hybrid genotypes are
quite sensitive to environmental conditions. ‘

Heritability ‘values basing on parent-offspring regressions were estimated
in F; and' later generations. The results are in Table 5, together with
" parent-offspring correlation coefficients. The data in the table show:that in
plant- weight as well as in bean yield, the regression or correlation is positive
when estimated from plants grown in the same season, but when plants grown




Lu et al—Studies on Soybean Breeding in T aiWan

Jan, 1967 83
Table 4.  Heritability values estimated from F, plants seeded at
different dates (in 25).
Seeded on
Character
Feb. 1 Feb. 21 July-15
Days to flowering 81 34 39
o Plant height 76 84 81
k - Plant weight 64 89 37
‘ * Bean no./plant 67 74 41
Bean yield ’ 73 83 43
Average figures for E1x173 and E32x173 are shown.
El and E132 are strains selecféd from cross E.
Table 5. Parent-offspring regressions and correlations for
k plant weight and other characters.
Growing season No. of bor ¥
Cross p . lines Ve Vo Weo (26)
arent Offspring )
Plant weight (gm): (&)
(E) 5x145 Fs (Summer) Fs (Spring) 130 396 . 393 - —40 —101
(E) 5x145 Fe¢ (Spring) - Fy (Summer) " 60 35.3*% 140 ~3.2 —9.1
(E) 5x145 Fs (Summer) Fy; (Summer) 60 28.8 14.0 4.8 16.7
(A) 5x2 Fg¢ (Summer) F; (Spring) 178 44.6 18.0 ~1.7 —3.8
(C) 5x144 Fs (Summer) Fs (Spring) 128 467 110 03 =07
()
(G) 127%9 Fs (Summer) Fs (Spring) 485 2L0* 121 . ~08 —52
(G) 127x9 Fg (Spring)  Fy (Summer) 29 28.4* 18.3 —0.1 ~0.2
(G) 127x9 Fe (Spring) 'Fs (Suimmer) 29 28.4* 14.0 —52 " —258
(G) 127%x9 Fes (Summer) \F-, (Summer) 29 14.0* 183 13.0 81.6
* Plant height (cm): , ()
(G) 127x9 F¢ (Spring) Fy (Summer) 29 151.0%* 23.9 26.1 434
(G) 127x9 Fe (Summer) Fy (Summer) 29 22.7* 23.9 20.3. 87.3
Bean yield (gm): (n
(G) 127x9 Fg (Spring) - Fy; (Summer)+ 29 5.04% 4.08  —0.33 f—6.’7 :
(G) 1279 Fe (Summer) Fy (Summer) 29 3.70* 4.08 3.16 81.2:

Vp: Variance of individual plants used parents.
*: Variance of line means is shown.
Vo Variance of offspring line means.

in different seasons are compared, the values tend to be neggtive. This
indicates ~that plants adapted to spring season are inadaptive in summer
season, and vice versa, in the same mannper as was found among “introduced

varieties.
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Genetic correlations were estimated from genetic variances and covariances
obtained by subtracting individual variances or .covariances of parental
varieties from those of hybrid populations. The averaged values of correlation
coefficients obtained from two F; populations are given in Table 6, as the two
~populations had quite similar patterns, As shown in the table, the number of
days to flowering was in the spring season positively, and in the summer
season negatively genetically correlated with bean yield and other characters
which were generally positively inter-correlated.

Table 6. Genetic correlations of characters among F, plants seeded at different
dates and corvesponding envivonmental corvelations.

Charactes Doisy | mante, [Flat . Feat Bean s Beam
Feb. 1 \(Genet.) 40 .34 45 .07
Days to flowering { Feb. 21 \ .66 .73 37 J2
July 15 (Env.?\—.m —60- - —67 — 40
Feb. 1 13 0N .80 .82 72
Plant height { Feb. 21 —.02 \ 63 61 56
July 15 g% \ 53 62 57
Feb. 1 —.01 .39 77 .08
Plant weight { Feb. 21 —.5gF* - gpkE 92 .98
' July 15 —.13  .35% 99 99
Feb. 1 14 63 Kot ' .87
Bean no. p. plant { Feb. 21 " .08 2g%* 51 \ .87
July 15 —.04 20%* .83%* ; 96
: Feb. 1 .10 ABFE  gowx 87
Bean yield Feb. 21 —01  —.04 5o goek
‘ Tuly 15 —.11 24% 85%* 91x

Averaged figures for E1x173 and E32x173 are shown in the same manner as in Table. 4.
Above the diagonal: genetic correlations, below the diagonal: environmental correlations.
** Significant at 1% level, * at 5% level.

These genetic correlations may be compared with the within-varietal
seasonal correlations in which some reversed situation was found between
‘maturity and vegetative charactersf namely, the number of days to flowering
was negatively correlated with vegetative characters:in varieties of spring -
type, and uncorrelated in varieties of summer type (our previous paper).. It
seems that in spring late flowering genotypes tend to have large wvalues for
vegetative characters, which increase in a flowering-accelerating conditien. In
summer, early maturing genotypes may have large values for those characters,
but they are not increased by flowering acceleration.

The so-called environmental correlations (due to minor environments) were
“low between the days to flowering and other characters; which were inutuailly
positively correlated in both spring and summer seasons.
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9. Yield and seasonal adaptability of selected strains. ’

Fixed strains, 36 in total number, were selected from the Fs and later
generations of the hybrids under observation. Cross E (5X145) produced a
larger number of promising strains than others. It was interesting to find
that among these selected sirains, bean yields of spring and summer crops
were positively correlated, the coefficient being 0.288, making a contrast with
the negative correlation found in earlier generations. This indicates that the
selected strains tend to have equal productivity in both spring and summer
seasons. '

The selected strains were tested in spring and in summer crop . for three
vears, using Jikkoku (from Japan) and Palmatto (from U.S. A.) as the control.
The data for some of the strains are. in Table.7. The table shows that
a part of the strains, e.g, E32 and A92, produced similarly high yield:in
spring as well as in summer crop. The results of variance analysis of the
yieid data are in Table 8. Comparing the data 'in the table with those
for introduced varieties (Lu et al. 1967, Table 4), we find that our selected
strains had apparently smaller variances due to strainXseason, year and to
strainX year than the introduced varieties. It may be suggested that repeated
selections in two different seasons bring about a general adaptability to both
and a stability of yield in different years.

Table 7. Bean vield and other characters of selected strains, shown as examples .
(Average for 1959, 1960 and 1961).

L [vencenon DR itlem et weght (o

Spr. Sum.  Spr.”  Sum. ’ Spr. . Sum. - Spr. Sum. Spr.  Sum.

A92 204 199 <106 87 36 49 45 82 . 138 10.8

CB11 121 - 238 95 85 30 . 39 40 91 © 181 12.3
Ci15: 173 238 13 92 33 39 58 04 . 147 10.7

E27 150 - 235 98 86 . 23 .42 27 98 2L1 12.7

E31 185 293 105 95 24 39 31 142 184 10.4

- E32 237 260 104 94 27 51 50 11 163 103
E64 236 203 98 89 60 54 84 97 13.4 10.8

F15 200 227 107 . 88 731 55 44 104 160 114

F19 188 220 107 94 30 49 55 96 17.7 13.1

Palmetto 117 235 129 100 74 93 109 145 2.9 10.9

Fikkoku 100 . 130 o7 82 28 33 26 66 216, 134

As shown in Table 7, the selected strains had a growth period (seeding
to maturity) of 95 to 110 days in spring, and 85 to 95 days in summer. They
were generally short (plant height ranging from 25 to 35cm in spring and 40
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Table 8. . Variance analysis of yield data for 36 selected strains (Unit: kg/a).

Variation due to d. f. M. S. Expectation (season fixed)
Year 1 434.000%* 2¢% ,+720%
Season 1 1,857.20%* e 20% 5+ 360% s +720%
Year xSeason - - 1 8.44 0% +360% 5
Strain 35 16.60%* 26% 5 +402
Strainx Year 35 830 203,
Strain x Season , 35 829 - o2 +-20%
Error 35 . 5.81 é%
Variance component Selected strains Introduced® varieties
Error - o

~5.81 ‘ 9.93
(Strain x Year x Season) .

Strain x Year %y 4.15 16.21
Strainx Season ‘ L 1.24 : 18.32
Strain o2 : 2.08 L L0690
Year x Season s 0.07 8.12
Year o3 ’ 591 ‘ U814

. Season - : o2 25.64 : e 14.71

Experiments In 1960 and 1961, with 3 replications.
** Significant at 124 level. . . L
" (1) From Lu et al. (1966), Table 4. Recomputed according to the season-fixed model.
(2)‘This value is smaller than 25.64 for selected strains, because both spring and summer
types are. present in the varieties ‘used. ~In selected strains, summer yields - were
generally higher than spring yields.
to 55 cm in summer), and their beans were of medium size. . Regarding gro'wth‘
habit, all were found tobe of determinate type. They were tested in a growing-
season experiment, repeating . seedings throughout: the year at one-month
interval.  From the results, their day-length sensitivity (requirement for a
+certain short-day, in “T.D.M. degree”) and index for temperature response
(shortening of the days to flowering due to 1°C rice, 'in 2) were computed,
by ‘the method described in our previous paper. -As shown in Table 9, the
strains were found to have a low day.-length sensitivity and a high temperature
response. In these respects, they may be considered to be varieties of spring
~ type. 4 .
Discussion
 Heritability values of bean yield and other agronomic characters in soybean
‘hybrids have been éstimated by a number of wofkers {Bartley -and . Weber
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Table 9. Variations in indices for photoperiodic sensitivity and temperature
response of selected strains, as compared with those of introduced varieties.

Phot iod sensitivity in T.D, M.
otoperiod sensitivity in No. of

Strain group .
o° 5° 10° 15° 20° 950 393 a5° stramsv

- Selected strains 16 11 1 28
Introduced varieties,

Spring type 1 15 11 1 3 1 1 33

Summer type ' 2 3 3 '10 3 2 23

Index of temperature response in %

1 2 3 4 5 6 7 8

Selected strains 2 1 8 18 6 35
Introduced varieties, ) ’
Spring type 8 20 4 2 34
Summer type ‘ 1 2 4 4 4 10 5 1 31

1952, Johnson et al. 1955a, b, Hanson and Weber 1962, Anand and Torrie 1963,
Horie et al. 1965, etc.). As reviewed by Johnson and Bernard (1962), it is
known that bean yield has a quite low heritability, though other characteérs -
show varying degrees of heritability according to the involved genotype-
environment interaction, This indicates that individual selection in early
hybrid generations cannot be very effective, and that the bulk method may
be preferable.

The efficiency of selection by bulk and by pedigree methods was compared
by Raeber and Weber (1953), who concluded that selections from space.planted
plots by both methods were similarly. effective. On’ the other hand, natural '
selection . experiments made by Mumaw and Weber (1957) indicated that
in populations composed of differgnt varieties, branching types increased against
non-branching ones, with no bearing on the yield in pure stand. ' In view of these
informations, we have adopted the bulk method, growing hybrid populations
in-bulk up-to Fys or Fse. A number of plants were then visually selected and
pedigree selection followed. . ;

Both the bulk and the pedigree populations were raised successively in
spring and summer seasons. = We found that the bulk populations grown in
spring generally had larger genetic variances and higher heritabilities than
those grown in summer. This was also pointed out by Yii ef al. (1965). It
may be that in spring, plants with different degrees of photoperiod sensitivity
react with different growth patterns, weakly sensitive plants being naturally -
selected. In.summer, photoperiodically sensitive plants may have an advantage.
As different genotypes are advantageous in the two ceasons, the parent-offspring
regréssion in yield ‘and other -characters will, as we have founds tend to be
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negative. It may then be inferred that when hybrid populations are successively
grown in the two different seasons, natural selection works in obposite directions.
This may be considered as a disruptive selection.

It is known that disruptive selection favors an increase in heterozygotes
resulting in polymorphism, as theoretically pointed outby Haldane and Jayakar
(1963). In autogamous populations, further, it may result in selection of
genotypes with a wide adaptability to various conditions, the so-called “general-
purpose genotypes” (Baker 1965). The positive correlation found between
spring and summer vields of our selected strains, as well as their reduced
variances due to strainXseason and to strainXyear, suggest the selection of
such -genotypes.

The selected strains generally had a low photoperiod sensitivity. It seems
that a low photoperiod sensitivity is selected in spring, and in summer, a
particular temperature ~response -may be selected. Tﬁough the  selected
strains showed a high index of temperature response, this was due only to
an overall estimate of sebasonal changes in  growth  period.  Actually,
‘temperature responses at different stages of development would be interrelated
constituting a complex. Yield depends upen the interrelation of many com-
ponent characters, which are modified in response to outer conditions at
different stages. Therefore, the effects of natural and artificial selections in
different seasons cannot be easily resolved into a few distinict factors. We
may conclude that our “disruptive seasonal selection” has brought about a
wide seasonal adaptability. ‘ , ‘ /

The similarly high yields in both spring and summer seasons of some of
our strains indicates that the results of our soybean breeding are comparable
with the results of rice breeding so far achieved in Taiwan. The Ponlai
varieties of rice have been obtained after repeated “disruptive. seasonal
selections” in the first and second crop ‘seasons. They are insensitive to
photoperiod and produce high yield in beth crop seasons. In our previous
paper, we have pointed out that within one year two. adaptive seasons occur
in rice as well as in soybean, though the underlying physioclogical factors
remain almost unknown.. - Our soybean strains, adaptive to both .spring and
summer Seasohs, may be considered as having such a seasonal adaptability as
the Ponlai rice varieties have.

Regarding rice as well ds soybean breeding in Taiwan, it is a subject of
discussion which is more profitable, selection of strains specifically adapted -to
the one or the cther season, or. generally -adapted to both. . The season-limited
‘adaptabilities of introduced scybean varieties as well as of some of our selected
strains suggest the advantage of ‘selecting strains specifically adapted to a
season. - Our breeding experiments however indicate that “disruptive seasonal
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selection” may bring about a wide adaptability and a stability of yield. =~ The
successful extension of the Ponlai rice varieties also indicates the advantage

of growing successive generations in different seasons.

Summary

‘Hybridization was made in 12 cross-combinations of various soybean
varieties,. The F, to F. or F; populations were propagated‘in bulk, and then
pedigree selection was made.  The bulk as well as pedigree populations were
successively grown in spring and in summer crop seasons, progressingk by two -
generations each vear. Comparing the same population grown in the two
seasons, the spring crop was found to give larger genetic variances of characters
and higher heritability values than the summer crop. It was also found that
the parent-offspring regression and correlation were negative when two gene-
rations in. different seasons were compared. Among the finally selected 36
strains, however, a positive correlation was found between spring and summer
yields. Some of them produced a high yield in both crop seasons, and appeared
to be relatively stable in different years. The selected strains were determinate
types, generally short, and showed a low -photoperiodic sensitivity. It was
pointed out that “disruptive seasonal ‘selection” may bring about a wide
seasonal adaptability, and in this respect our soybean strains may be compared
with Penlai rice varieties.
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