STUDIES ON SOYBEAN BREEDING IN TAIWAN

1. Growing Seasons and Adaptabilities of
Introduced Varieties '

YING-CHUAN LUV, Kuo-HAl TsA1® and Hiko-ICHI OKA?®
(Received July 20, 1966} :

Before 1948, soybean culture in Taiwan was quite limited except for groWing
them for green manure. Later, a few varieties introduced from the U.S.A.
and Japan were extended to certain areas of the island. At present, soybeén
production is growing year after year, arriving at 55,563 hectares. and 61,897
tons in 1965. In retrospect, at the beginning of this study, the writers wanted
to know why no fsoybeans had been grown in Taiwan, trhough this valuable
legume of Asian origin was cultivated in all ‘countries or areas surrounding
the island. We then learned that this was due to lack of adaptive varieties.

We have obtained seeds of a number of varieties from the U. S. A., Japan
and other Asian countries, and have conducted experiments on their adap-
tability to the climatological conditions at Taichung. Then, we devoted
ourselves to hybridization and breeding studies. Similar efforts ~were also
‘made by Prof. W.T. Tang of: the National Taiwan University and cowork-.
ers. The results of our experiments have been partly published in -Chinese
language (Lu 1953, 1954, 1956, 1959 and 1961; Lu and Tsai 1956, 1964, etc.).
However, .as our data seem to s’ﬁggest considerations of certain fundamental
aspects of adaptation. in- crop plants, some of them, seemingly of general
interest, are reported in this series of papers. The present paper deals mainiy
with  the varietal responées to - day-length and - temperature and with
the growing seasons to which they are adapyted. The writers are indebted
to Dr. J. Fukui (National Institute of Agriculturél Science, Japan) and
Dr. T. Nagata (Hyogo University, Sasayama, Japan) for their kind re\;iew of
the manuséript. ‘ ~

‘ Materials and Methods

Seeds of about 160 varieties, obtained throﬁgh the kindnesses of variots

1) . College of Agriculture, Chung-Hsing University, Taichung, Taiwan.
2) National Instij:ute of Genetics, Misima Japan.
The writers express their sincere thanks to the Joint Commission on Rural Reconstruc-

tion for the financial support of the experiments. . .
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agricultural institutions of the U. S, A., Japan, Thailand, Philippines and Taiwan
were used for the experiments. They were repeatedly grown in the experi.
mental field of Chung-Hsing University, Taichung (24°N), seeded monthly
throughout the year. Such growing.season experiments were made three times,
from September 1952 to August 1953, July 1955 to December 1956, and July
1960 to August 1961, A part of the varieties were used in all these _experi-
ments, and the rest in one or two .only. The data from 1955-6 and 1960-1
experimentg are presented in this paper.

The growing scheme we adopted, which was determined after a series of
planting-method experiments, was as follows: A field plot was cultivated and
furrowed at 50 cm intervals, and a basic dressing of fertilizers was applied
at the rate of N'15, P,O; 45 and K,O 80kg/ha. Three seeds per hole were
sown by hand at 20cm spacing on the ridge, and after germination thinning .
was made so that one plant per hole remained.. Usually, a variety was grown
in a single row of 25 plants (5 meters long). Weeding was made about three
weeks after seeding with a hoe, so as to mould the ridge a few centimeters
higher. Irrigation was made once in 10 days when it did not rain.  Insecticides
were applied two or three times during the growing period.

‘Records ' on - individual ‘plant. basis were taken regarditig the following
traits: - 1) number- of ‘days to flowering (from the next day of seeding to the
‘opening of the first’ flower), 2) number of days to maturity (from the first
flower obening to maturity of the plant),” 3). number -of branches per- plant
(branches with pods), 4) number of pods per.plant, 5) number of good beans

“per plant, 6) fertility (percentage of good beans), 7) plant‘height, 8) plant
weight (of a dried plant including roots), 9) bean vield (weight of dried grains
per plant), 10) weight of 100 grains, and 11) color and other seed characters.

Results

1, Varietal responses to day-length and temperature.

In many vai‘ieties, it was generally found that seeding in March "and in
September shortened the growth period in comparison with seeding made in
other thonths, as shown in Fig. 1. When seeded in November to December,
flowering was delayed, the time to‘ flowering éxceeding 100" days. In most
varieties, April-May seeding gave also a prolonged growth. This indicates
that ﬂovs}ering is retarded by the lorig days of May-July (exceeding 14 hours)
as well as by the low temperatures in winter months (15° to 20°C in monthly
average). ‘ ‘

The number of days from flowering to maturity also varied in a similar
manner according to the seeding time. In most varieties, the variation was
correlated with that of the days to flowering. It may be inferred -that flower
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4 Fig. 1. Number of days to flowering related to flowering date.

U-tou (a green-manure variety native to Taiwan)
Otootan (U, S.)

Hsinying-tatou (from Northern China)
Hanashirozaki-1 (Japan)
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» initiation, development of flower organs and seed ripening a¥e controlled by a
common factor, as postulated by Nagata (1960) as well as by Fukui and
Matsumoto (1961). . ,

In-each variety, the mean number of days to flowering from different
seeding dates and that from flowering to maturity were computed. - They
showed a positive intervarietal correlation (#=0,596, 7=109)., Comparing- the
growth periods (seeding to maturity) of U.S.A. varieties with Morse and
Cartter's(1949) classification of maturity groups, the growth periods at ‘Tai-
chung were found to be highly correlated with those in the U.S. A,

‘With eight arbitrarily selected varieties, dair-length experiments (9-14 hours)
were conducted in- summer “and ‘winter, with plants seeded on July 25 and
November 19, respectively. - The restlts are given in Table 1. The table shows
that the difference in the days to flowering between long-day and short-day
treatment is generally 1arger in winter than in summer. It seems that the
flowering.promoting  effect of short days: becomes high when flowering is
retarded by low temperatures (15°-20°C). Late varieties show this tendency
more ‘strongly than the early ones. It is well known that both short days and
high temperatures promote flowering and maturation at different rates accord-
ing to-varieties.  As will be discussed later, however, the varietal responses
to combined effects of day:length and temperature seem to be too complicated
to inlterpre,t,them by -a simple rule.
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Table 1. Days to flowering under different day-lengths in
winter and in summier. )

i : Day-lengths (hour)
Variety Season
9 10 11 12 13 14 Natural

Mamotan 6680 Summer 25 26 26 30 35 33 33
’ Winter 56 61 63 62 77105 59
Mikuni B Summer 27 28 27 28 31 30 37
i g Winter 56 62 64 63 117 135 62
Chichibusyakin-nashi Summer 26 27 27 2T 28 31 30
Winter 62 63 66 62 72 79 65
Seminole Summer 28 28 29 29 32 35 36
Winter 58 67 66 57 82 106 60
Manchu Summer | 27 27 28 29 31 36 37
Winter 58 55 66 61 84 88 63
Avoyelles ' Summer 30 32034782 3441 " 40
k Wintér 60 55 65 65 113 125 62
Ping-tong-ching-pi-tou Summer 34 34 37 35 44 47 49
Winter 72 72 100 102 128 130 108
U-tou Summer 37 37 38 37 48 53 53
) Winter 69 85 110 125 141 - 146 = 118

- =
Average temperature: Summer 27.8°C, Winter 16.1°C,

In the groWing-season experiments, the gradual shortening of ‘the period
to flowering in June to September seedings may be attributed to the shortening
of day-length after the summer solstice, ‘a$ the temperatures in ‘this period
are uniformly high (26°-28°C).  For estimating daY-lehgth sensitivities' of in:
dividual varieties, the “tangent-day-minute” method useéd by -Oka (1954, 1958)
for rice varieties was employed; by which the rate of ‘acceleration of flower
initiation (in.day) in response to one minute shortening of day-length at the
time of flower initiation is'shown by an angle: “According to Kato et al. (1951),
flower initiation may beé assumed to take place 25 days before flowering.
‘Accordingly, the initiation date was taken to be 25 days before flowering,
and the day-length (including twilight) at that date was related to the days
to flowering.  The “T.D.M. degree” thus obtained may be regarded as repre-
senting the requirement for a'certain short:day of ‘a plant to initiate ‘flower
primordia. The day-length sensitivity estimated by this method showed posi-
tive intervarietal correlations with the mean number of:days to flowering and
that from flowering to maturity (Table 3).

1t may be inferred from Fig. 1 that excluding the delay of flowering ‘due
to long days after April-June éeedings, the seasonal 'variation in- the days to
~ flowering would be largely due to temperatures. Anoverall estimate of tempe-
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Table 2. - Comparison of day-length sensitivity and other characters
between spring and summer type varieties.

o Day-length sensitivity (T.D. M.) No. of
‘ 0 5 1000 15 200 o 25° 30" 3 VA
Spring 1 15 1 1 3 1 1 33
Summier 2 3 3 103 : 2 23
Temperature response (b, 25)
1 2 -3 4 5 6 7 8
Spring 8 20 4 2 .. 34
Summer 1 2 4 4 4 10 5 1 3];
Mean no. of days to flowering
40 45 50 55 60 65 70 70
- Spring 2 16 9 5 2 ’ 34
Summer 2.5 5 3 8. 6 2 31
Mean no. of days of seed maturation
50 55 60 65 70 75 80 85
Spring 1 4 13 9 4 3 34
Summer 3 10 5 5 2 4 2 31

rature responses of the varieties may then bé obtained by the regression of
the days to flowering on the average temperatures of corresponding  growth
periods. ~ The regression coefficient in per cent of the mean number of days
to flowering was éomputed for each variety.- It showed a’ high intervarietal
correlation (»=0.853, n= 66) with the difference in the number of days be’cween
January and August seedlngs. It may then be con31dered to show the mag-
nitude of variation in the days to flowering due to temperatures. As shown
in Table 3, this index of temperature response ‘was found to be negatively
correlated with day-length sensitivity, mean number of days to flowering
and that from flowering to maturity.  In general, early varisties appéa}éd
to be less sensitive to day- Iength but ‘more sensitive to temperature, than late
varieties.

2. Adaptive growz'ng seasons in Taiwan. ;

The data of growing-sedason experiments showed that the bean yield of a
variety markedly differed according to the seeding date, as shown ‘in ‘Fig. 2
Basing on the seasonal variation in vield, the tested varieties could be divided

~into three groups;i.e., 1) varieties producing’ a considerable yield (1.5 ton/ha
or more) from Febrary or March seeding (spring type), 2) those producing
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such a yield from June or July seeding (summer type), and 3) those showing
a-low yield at any seeding time {(inadaptive varieties). ~The number of varieties
belonging to these three groups were, throughout the experiments repeated
three times, 34 (spring type), 31 (summer type) and 97 (inadaptive), respectively.
In addition, the experiment in 1955-6 proved that three selections from green:
manure varieties native to Taiwan gave ‘their. maximum yield when ‘seeded
in October or-in-November, though they then had a long growth ‘period (180
days or more, maturation in May).

In Fig. 3, the maximum bean vyields -of various varieties are related to
the:seeding dates giving the maximum vield.” The figure ¢learly shows that .
the adaptive ‘seasons of ‘soybean culture at Taichung are represented by Feb-
ruary-March and June-July seedings. No variety appeared 10 be adaptive to
both spring and summer Crop-seasons.: Takmg the ‘highest yield of ‘a~ variety
in a season (that.exceeding 1.0 -ton/ha) to be 100, its second high yield in the -
other season was at the best 68, but was in most varieties only: 10 to 20;"

“Varieties of -spring and summer types were compared regarding the mean
number of days to ﬂoWering, from flowering to maturity, day-length sensitivity,
and - temperature  index. "I‘he‘ results  are in Table 2, The table shows
that varieties of ‘spring type generally “have a smaller number- of days to
ﬂowerlng and to maturity, lower day-length sensitivity and higher temperature
response than those of summer. type. It seems that the adaptabilities to spring
and summer crop- .Seasons are at least partly determined by varietal responses
to day-length and temperature. i

~Intervarietal correlations between the above four values and bean yields
in spring (February: éeeding) and summer (Julyy seeding) Ccrops are given in
Table 3. For this computatlon, 63 varieties with complete data were used,
»among which 20 were spring types, 13 were summei- types, and the remaining
30 were madaptwe. The table shows that bean yxeld in the spring “season 'is

Table 3. Intervarzetal correlations between becm yields in sprzng and’
: snmmer crops and other chamcters -

Character -~ | k B e D E = F
A) Days to flowering - 01 B99% —1060 262 331%=
B) Days of seed maturation B71%% S 314% 120 263%
C)" Photo:senitivity <(T. D.M.) = U -404%F  -342%F 5]3%k
D) - Temperature response (b, %) . i i : .206* =119,
E). Yield in spring ' : o 168
“F) o Yield in summer

** Significant at 12 level, * at 5% level (#=63)
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negatively correlated with the days to flowering and day-length sensitivity, -
and - positivly-correlated with temperature response, while yield in the summer
season s positively correlated with the days to flowering, from flowering to
maturity -and day-length sensitivity. ' Roughly saying, early “varieties ‘with a
lIow photoper10d1c sensitivity can be spring types, and late varieties Wlth a
high photo-sensitivity «can be summer types.

To look into ‘this relation in more detail, ‘the mean number of - days to
flowering (A), from flowering to maturity (B), day-length sensitivity (C) and
temperature response index (D) ‘were combined so as to maximize the correla.-
tion of ‘the combined value with bean yield in-the spring-crop and with that
in-the summer‘crop, by using the method of selection-index computation.. The
results (standardized) were as follows:

- Xyp=—0.407A+B~—0.814C+0.824D, =~ 74, Spring yield=0.502;

X5 =0.031A40.213B-}C+0.240D, 7x,. Summer yield=0.531.

It was found that linear combinations of these four values gave correlation
coeflictents approximating 0.5 with spring as well as summer yieid. All these
four characters seem to take part in spring yield, but for summer yield photo-
periodic sensitivity seems to be particularly important. = In other words, varieties
flowering early,w with a'long period for seed ripening, not sensitive to photoperiod
and highly responsive to temperature, may pfodu‘ce’ a high yield in'the spring
season, and: varieties sensitive to photoperlod may be adapted to ‘the summer
season,” :

The correlation coefficient; 0.5, however shows that only one fourth of the

“yield variance could be explained by the four characters. Yield might be con-

ditioned by many other physiological factors than those four. In this relation,
variannces of yield obtained from a varietal trial contmued for three years
may be examined. : : :

Nine: vatrieties ‘were tested for yield in the spring and summer crbp seasons
from 1957 to 1959, each variety being planted in three rows and the plots were
randomlzed W1th three repllcatlons. Variance analys1s of the data showed that,
as-given in Table 4, the components of variance due to variety Xseason and to
variety Xyear were considerably large, biit that due to varietal genotype was
almost nil~ Similar results ‘were also reported by Johnson ef al. (1955) and
other workers (Bartle‘y, and Weber 19652; Horie et al. 1965). . Since in our expe-

- riment the varieties used were adaptive either to spring or to summer crop,

the ‘variety Xseason variance may be regarded as representing varietal varia- -
tion, Then, the sum of ¢°, and %, amounts to about one half of the total
of variance components.. The vield of a variety in a crop' season thus seems
to fluctuate in a wide range, possibly in response to various environmental
conditions. ‘
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Table 4. - Variance analysis of vield data from a variety trial (Unit: kg/a).

Variance due to: d.f. Slz‘l/{f:g Expectation
Year 2 178.86** 0% +20%yy 902y + 1802,

‘ Season 1 535.00%* 0%+ 30%y s +CQolys -+ 2702

Year x Season 2 82.97%* o2, +90%y¢

Variety 8 73.89%* 6% + 202y + 302y s + 602y

Variety x Year ¢ i 16 32.42%* o2, + 2%y

Variety X Season’ 8 64.00%* 024 30%5

Variety x Year x Season 16 9.93 o2,

Error due to replication 108 11.72

9 varieties, spring and summer crops, 1957, 58 and 59, 3 replications,
** Significant at 12 level.

0‘29 = 90,93 G'Zys—-—‘ 8.12
o2y =18.32 o¥s =14.71
6%5=11.25 0%y = 4.08
o2y =

In our growing:season éxperiments, since a variety was represented by . a
row and no replication was made, the error variance might be larger than
the above estimation. It may then be inferred that excepting the fluctuating
variation due to “minor environments”, the varietal variation in vyield could
be for a considerable part explained by the combination of growth periodsand‘
indices of responses to day-length and temperature.

3. Correlation of characters due to seasonal variation.

Together with the seasonal changes in growth period; yield- as well as
other characters change resulting in within-varietal seasonal correlations. The
seasonal correlations were computed for six varieties of spring type and three
of summer type, respectively. ' They showed on the whole similar patterns of
correlations. The within-varietal correlations were then averaged for spring
and summer types, after being transformed into z values. The results are
in Table 5.

The table shows that due to sedsonal variation, bean yield is negatively
correlatd with the days to flowering and the days from flowering to maturity,
and positively correlated with plant height and other  vegetative characters,
~which are generally positively inter-correlated. ' A comparison between spring
and summer types shows a major difference in that the days from flower-
ing to maturity are in spring types negatively, but in summer types positively
correlated with vegetative characters. It is'also found that seed fertility is
in spring types positively correlated with the days to flowering, but shows no
correlation in summer types. In both types, bean yield is strongly correlated
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Table 5. Within-varietal correlations of characters due to seasonal
variation (18 seeding dates).

Character a b c d e f g h i

a) Days to- \ 025 =136 056 =152 108 -.060  -.349% - ~.017
flowering

b) Days of 315+ \ WB12% U197 249 L ~B03%F -.240.  B5I** . -.207
maturation : B .

¢) Plant —.342%% - 347Hk \ BIE**  Q08**F -318%  792%F 843Kk 717Hk
height ) )

d) Branch —A14%% -~ G3IFE g1owk TB2%E - 134 - BOOF* . 7Q6%F. 76T
number .

e) Pod ~350%F  —520%* - 638%k - 840%*
number . .
f) Fertility 280** -370%%F -,218%*% 000 158

o= BOBHE L TLGRE L gypHEE o o3k
258 374wk 384%*

£) Beat;) =.204% -B12%F  37okk . 7ogkk - gqgkk T oqgk JT85¥k L Q7okk
number ! N
- h) Plant =109 - -373%F . G08%* - 746%* . 004** 115 .692*v*\ BTE*
weight . :

i) Bean yield | =133  —478%% = 441** = G45**  .860**  950%  Q1g%* .873*;\

- Above the diagonal: Average for 3 varieties of summer type (Ping-tong-ching-pi-tou,
Otootan & P1-181698) :
Below the diagonal: -Average for 6 varieties of spring type (Fuchien-tatou,. Hsinying-
tatou, Chinmen-tatou, Nung: yuan 1, Misao-:daizu, & Kuro- dalzu)
**Significant at 1/ level,  * at 52 level.

with the number of beans per plant, suggestlng that s1ngle gr ain weight does
not change much with the season. :

With the view to finding out common factors underlying seasonal variations
of characters, the technique of principal component analysis (cf Kendall 1961) ~
was- employed to the correlation matrices in Table 5 excludmg bean yield and
two characters apparently closely correlated with it, bean number and plant
weight. The first and second component vectors extracted from the correlation
matrices for spring and summer types are in Table 6. The two components
made a more than 70% contribution to the total variance. They may be
considered as showing latent phases of character assoc1at1on independent of
each other. : ' : {

The six characters under observation -are in Fig. 4 scattered in the plane
defined by the first and second component axes.  The figure shows “that three
characters showing vegetative growth (plant height, branch number and' pod
number)-can be distinguished from the other three charaéters supposedl? in-
dicative of reproductive growth the number of days to flowering, ‘that from
flowering to maturity and ‘seed fertility.  For demonstrating this classification
of characters more’ clearly, the component-axes were rotated to hypothetical
ones, X and Y, by using the method of rotation to “simple structure”. The
rotated vectors are also shown 1n Table 6. The X vector has in both spring
and summer types positive loadmgs on vegetative: characters and negative or
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Table 6. Component vectors extracted From within-varietal correlatzons
due to seasonal varmtzons in chamcters !

- Lif
Spring type Summer type
Character k Compopent Rotated . Componen_t i Rotated
I I X Y I i1 X Y
a) Days to flowering | 64 .30  -70 .25 | -08 71  -40 .58
b) Days of seed o . , Y
maturation . . .76 -77 -.61 -88 . .50 92 0 1.06
c) Plant height 85 =25 .88 -.09 1.00 =29 1.01 21
d) ‘Branch number 1.00 10 .96 .26 .89 -.39 .96 .07
e) Pod number .98 -.02 .96 13 .99 -.28 .98 21
f) FPertility -.16 1.00 - -.36 94 -54 - . -1.00 0 =113
% variance 50.9 ' 209 | .49.5 21.8 ’

zero -loadings on the other characters, indicating that when flowering ~and
maturation are promoted, the vegetative characters may: develop. Varieties
of springv type have this tendency more strbngly than those of summer type."
The Y vector indicates another phase of correlation-at which fer’gility becomes
high when mafuration is promoted. It seems that in a spring type relatively
late flowering and accelérated seed ripening result in high fertility, but in-a
summer type accelerated flowering and matiiration may raise ‘fertility. The
spring and summer types show similar patterns of - character association, “but
they may differ in the relation of flowering and seed ripening to yield characters.

The scores given by the X and Y Vectbrs (obtained by summing up ‘the
values of six characters standardized and weighted according to the loadings)
showed correlations. with bean yield as follows:

; Spring type Summer type
Score X 0.643 L 0.736.

Score Y ’ 0.533 I -0.148

When the X and Y scores were combined so as to niaximizé the correlation
of the combined value with bean yield, X+1. 68Y and X——O 26Y were such
combinations for the spring ‘and summier  types, glvmg correlation coefﬁcxents&
0.826 and- 0.753, respectively.  These h1gh correlations indicate. that a maJorf
part of the seasonal vield variation can be accounted for by variations in such
phases ‘of character assomatlon as shown by the X and Y vectors.

These computatmns suggest that a var1ety expresses its ‘inherent y1eld1ng
capacity when it is grown under a condition that promotes maturatlon. Such
a-condition is found in the spring season when seeding is made a few weeks

i before ‘the seedmg time known to promote - flowering most’ strongly. In the
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summer. season, it is late June to early
about the minimum number of days to
of spring type which are weakly sensit

July, while the seeding time . bringing
flowering is in September. In varieties
ive to photoperiod, accelerated matura-

tion results in-an increase of vegetative characters, but in photoperiod sensitive

varieties of summer type, it increases s

eed fertility.
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Since the pioneer work of Garner and Allard (1920), soybean is known to
be a short-day plant. The varieties seem to 'be mostly photoperiod  sensitive,

though their sensitivity varies widely.
only flower initiation but also the deve

It is known that in most varieties not
lopment of flower organs and seeds are

' promoted by short days (Fukui and Matsumoto 1961). Fukui and Gotoh (1959)
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proved this by anatomical observation. Among the varieties, photoperiodic
responses at different developmental stages are, though not completely, on the

whole positively correlated (Parker and Borthwick 1951, Fukui ef @l 1962,
Nagata 1960, etc.). In this respect, sovbean differs from other short-day plants
like photoperiodically sensitive rice varieties, in which flower initiation only
is promoted by short days, the subsequent developmental processes being almost
neutral.

The response to temperature may also differ according to varieties, as has
been observed by various workers (Parker and Borthwick 1939, Fukui and
Yarimizu 1952, etc.). We found that the flowering-promoting effect of short.
days could be intensified under low temperatures in winter (15°-20°C), particularly
in varieties with long growth periods. Not only such a response was found,
but also within certain limits, the higher the temperature, the higher would
be the growth rate, and different developmental stages would respond to
temperatures differently. Therefore, temperatures may modify growth and
development both directly and indirectly through their effect on photoperiodic
responses. Some workers (e. g, Nagata 1960) are inclined to think that the
varieties do not differ much in temperature response. Such a conclusion may
be drawn when different phases of temperature responses counteract each other.

The responses of soybean varieties to day.-length and temperature thus
seem to be a complex of multi-factorial variations, which may be analysed by
a special statistical technique. Although a lot of experimental efforts have
been directed toward varietal variations in photoperiod and tempeature res.-
ponses, the relationship between yield and those responses does not seem to
have been successfully analysed. What we observe in experiments are “pheno-
logicals”, that cannot be directly related to conceived physiological factors.
For instance, the relationship between the days of growth period in different
seasons and various responeses might be such one that is shown by a “response
surface”. ‘

In Japan, it has early been known that soybean varieties are differentiated

" into two seasonal types, “summer soybean” and “autumn soybean”. The former
types are known to be less sensitive to photoperiod than the latter (Nagata
1958, etc.). The present writers have found that the adaptive seasons of soybean
culture at Taichung are represented by February-March and June-July seedings.
Basing on seasonal changes in bean vield, varieties introduce from different
countries were found to be adaptive either to spring or to summer season,
or inadaptive to both. When measured by the requirement for a certain short-
day (T.D.M. degree), varieties adapted to spring season (spring types) were
less sensitive to photoperiod than those adapted to summer season (summer
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‘types). : These types may be compdred with “summer soybean” and “autumn
soybean’ in Japan, respectively.

~Our estimate of, temperature response (shortening of the days to flowering
due-to 1°C rise in-average temperature, in %) tended to be negatively correlated
to-photoperiod  sensitivity, varieties of spring type showing higher response
than ‘those of summer type. - The adaptability to a season of ‘a variety might
be in the first place determined by its photoperiod and temperature responses
and the resultant growth period. . Accordingly, bean yields in different seasons
could be to some extent explained by a combination of estimates for these
characters, though yield fluctuate widely in response to various minor environ-
ments. ) .

Our studies of seasonal correlations of characters showed that in varieties
ef spring type the number .of days to ﬂewerin'g and . that from flowering to
maturity were negatively correlated with certaiﬁ vegetative characters, indi-

, cating that acceleration: of maturation may promote their development. When
spring-type varieties are grown in summer and flowering is stronglyacceler’ated,
deeVér, reduced fertility results in a low bean yield. - In photoperiod sensitive
varieties ‘of summer type, the number of days to ﬁower‘ing and that from
flowering to maturity did not show a significant correlation with the vegetative
characters.  When they are grown under the Iong days of spring, they vigorously
perform vegetative growth but have a low fertility and a small bean number.

By rotating to “simple structure’ the component vectors extracted from
seasonal correlations of characters, we postulated that the basic pattern of
character association did not differ much between sprmg and summer types,
In both: types, the days fromflowering to ‘maturity, fertility ‘and vegetative
characters showed a triangular interrelation, indicating that when seed matura-
tion is promoted, the vegetative characters would in ‘a phase of correlation
develop, and in another phase fertility would inerease.' Héwever, fertility and
vegetative characters are negatively correlated. Therefore, a physiblo‘gicaf
condition that properly promotes seed maturatlon seems to increase  yield. In
many crop plants, we find ‘that when maturation is accelerated Vegetatwe
character are reduced The p031t1ve correlation between vegetative characters
and- accelerated seed maturation is'opposite to the developmental pattern-usually
found in other crop plants. This suggests the complexity . of 1nterre1at1ons
between responeses to outer conditions and yleld in soybeans.

In general it ' may be said that soybean is sensitive to outer conditions and
its yield is unstable. The results of varietal experiments made in different
countries indicate that variances due to interactions of varietal genotypes with
seeding’ date; locality; year, etc. are so large that real varietal differences often
become insignificant. We have also obtained such results. This indicates the
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sensitivity of varieties to.day-length, temperature and other conditions at:
different stages of development. Therefore, our classification of introduced
varieties into spring, summer and inadaptive .types basing on their records
cannot be reliable for individual varieties. - It ' may be accepted ‘as a general
picture that two adaptive seasons of soybean culture, “spring” and “summer”™
seasons, exist in Taiwan, and introduced varieties are either adaptive ‘to: one
of ‘the two seasons; or inadaptive to both. Our-recent breeding experiments
‘suggest further that when particular genotypes are used, another adaptive:
season may be found in autumn.. This will be discussed elsewhere.

The two ‘adaptive ‘seasons ”of soybean culture in Taiwan may be compared
‘with the first and second crop-seasons of rice. In- rice, the first and second
seéasons seem to be naturally: determined by a complex of climatological factors.
According to Mr. K. M. Lin of the Taichung Agricultural Impprovement Station
who kindly showed us his unpublished data, when a set of rice varieties (photo-
period insensitive) were repeatedly grown throughout the year, it was generally
found that January-February (first crop) and June-July (second crdp) seedings
;produted a higher yield than those made in other months, though the plants
were equally irrigated, fertilized and were protec%:ed from diseases and pests.
When seeded in the period from March to May, the plants enjoy high tempér-
_atures similary as in the second crop, grow quite well, and reach maturity in-
July to August.  The reasdon why the yield declines in this season -is’ not
well known, though it may be suggested that the activity of seed ripening 'is
lowered due to mutual‘overéhadowing of the leaves. The physiological basis"
for the occurrence of two soybean seasons coulda be “partly explained = only.
It may by inferred as a working hypothesis that in a tropical condition, such
two adaptive seasons occur in different grain ‘crops as ‘the result of various:
physiological r‘esp:dﬁses to. climatological conditions.

. ~  Summary

Soybean is a new crop in Taiwan, Many varieties introduced from the
U.S. A., Japan and other Asian countries were tested throughout the vear,
repeating seeding at one month interval. The yield data showed that some
varieties were adapted either to February-March (spring type) or to Jun:e-July
(summer type) seedings, while others “were inadaptive in any seasdh. " For ;
each variety, sensitivity)to ‘day-length  (requirement “for a certain short.day,
in “T.D.M. degree”) and an index of temperafure response (shortening of the
days to flowering due to 1°C rise, in %) were estimated from the data.of the
growing-season expériment. Varieties adapted  to spring season were generally
less sensitive to day-length, but more sensitive to temperature than those
adapted to. summer season. .Varietal variations in kspring and summer yields
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could be partly explained by linear combinations of those ‘estimates of pho:
toperiod' and temperature responses, mean number. of days to flowering and
that from flowering to maturity. Within-varietal correlations of characters due
to seasonal variation were studied by using the technique of principal compornent
analysis.. It was found that yield might depend on a triangular interrelation‘
of the days from flowering to maturity, fertility and vegetative characters. In
varieties of spring type, when seed maturation is promoted, vegetative characters
develop, while in those of summer type fertility may be raised. A varietal
trial continued for three years showed that yield fluctuated in a wide range
bringing about large variety-environment interactional variances.” The responses
of soybean varieties to outer:conditions seem to be a complex of multi-factorial
variations. "It was suggested that the two adaptive seasons of soybean culture
in-Taiwan may be compared with the first and second crop-seasons of rice.
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