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In our pfevious papers (Lu éf al. 1967), we concluded that 1) varieties
introduced from overseas were adapted either to the spring (February to March
planting) or to the summer (June to July planting) crop season, or poorly
adapted to any season, but 2) some of the strains selected from hybri:d
populations planted successively in the two different seasons (from “disruptive

seasonal selection”) were adapted to both. It was suggested further that the

yield of such season-insensitive strains could remain stable in different years.
Their adaptability to various locations and stability of performance are discussed
in this paper.

Materials and Methods

A number of hybrid-derived strains. selected at Taichung (¢f. Tables 1 and
k 2 of the second paper of this series) and introductions from the U.S.A. and
Japan were used. Palmetto, Jikkcku and some other " introduced strains,
recognized to be well adapted, were used as controls. These varieties were
tested  at the Chung-Hsing University, Taichung, and at Agricultural Im-
provement Stations located in various districts of Taiwan. ‘They were also
tested by farmers in Hsinchu district (north-western part).

Standard cultural practices were described in the first paper of this series.
Dense planting {15 emX45cm) was made for short-stature strains whose height
was about 50 cm or less (most of our hybrid-derived strains and a part of
introduced varieties), while standard spacing (20 cm x50 cm) was used for

taller strains.

" *  Chung-Hsing University, Taichung, Taiwan, Republic of China, ,
** National Institute of Genetics, Misima, Japan. ) . )
The writers express their sincere thanks to the Joint Commission on Rural Recon-

struction for the generous financial support. They are also indebted to the Agricultural

Improvement Stations of the Taiwan Provincial Government for their kind cooperation.

209

s




. Botaniéal Bulletin of Academia’Sinica

Results

1 Regression analysis of wield variation due to-location,

In the spring and summer crops of 1961, seven hybrld der1ved and twelve .
1ntroduced varieties” were - tested at 'the Agricultural Improvement Stations
located at Taipei (north), Lotung (north-east), Taichung (central-west), Tainan
(south-west), Pingtung (south), Hualien (central east), and Taitung (south-east),
respectively. The data showed a wide variation in yield according to variety,
~season and locatlon. The ‘summer crop at ‘Taipei and the spring crop at Hualien
were failures on account of heavy rainfall and insect pests, giving low: vields
for all tested varieties. ‘The vyield ‘data were discarded. - The spring-Taipei
and summer-Tainan crops also gave low yield records, but they were included
in the computations as they appeared to show certain varietal differences. A
'; part of the data taken as fexamples and the mean yield at e}ac;h location in

each season (location means) are in Table 1. '

Table 1. Examples of yzeld records at different locations and location means.
(kg/10a, in 1961)

SR

Hybrid-derived “Introduced Mean yield of
: Chichibu- 19 varieties

& g g " (Location
o E27 F19 syilztsl}lli;n- Dortchsoy ean)

Spring | Taipei 19 32 11 17 22
Lotung | - : 40 23 , 5
Taichung : o , : : ’ : 95
Tainan | 0 o5 1 : 93

°

Season Location

Taitung

Pingtung

Surmmer : Lotung

- Taichung
Tainan
Hualien

\ Taitung

~Pingtung

For a comparlson of yield varlablhty between hybrid- derived and introduced
varieties, var1ance analys1s was made of the data for both groups, respectwely,
-excluding those from ‘Taipei and Hualien. Before computation, the data were
transformed into common logarithms, as will be explained later. The results
. are in Table 2. The table shows that the hybrid-derived varieties generally
7had small variance components due to Varletyx Jocation and to other interactions,

' as compared W1th the 1ntroduced ones. They also had a 'smaller component '
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due to location than the latter. It seems that in response to locations, the
hybrid-derived varieties showed a more stabilized performance than the

introduced ones.

Table 2. Variance analysis of vield data for 7 hybrid-devived and
12 introduced varieties (in log.). ;

' Variance due to. Hybrid-deriveq Introduced Expectation
, D.F. M. S, D. F. M.S. (season fixed)
Season (S) 1 0.0857 1 0.7084 | o2 +502 +ko?, +5kok
Location (L) 4 0.3307 4 0.9332 | 202, +2ke?
Variety (V) 6 0.0222 11 0.0609 | 202 +100%
SxL 4 0.0402 4 0.5503 | o2+kel,
VxS 6 0.0209 11 0.0574 | o2 -+502
VxL g 24 0.0168 44 0.0349 | 203
VxSxL 24 0.0103 | - 44 0.0272 | o2

(Spring and summer seasons; 5 locations in each season; & varieties)

Comparison of variance components

Hybrid-derived Introdiiced
VxSxL o 0.0103 ©0.0272
VxL a2, 0.0084 0.0175
VxS o2 ) 0.0021 ‘ 0.0060
SxL o2, ‘ 0.0043 _ 0.0436
Variety o2 ' 0.0005 ' « . 0.0026
Location o2 00224 7 0.0374
Szason o 0.0010 0.0021

As Finlay and Wilkinson (1963) have asserted, the environmental value of
a location may presumably be represenfed by the mean vield of many varieties
tested at that location (location mean). Then, the variety-location interactional
variance may be divided into one portion due to the regression of wvarietal
vields on location means and the other portion due to deviation from the
regression. This compuation was made of the yvield data for spring and
summer crops and of the pooled data (with the sums of mean squares and of
mean products from spring and summer data), respectively, after transformation
of the original data into logarithms. ‘The results are in Table 3.

T able 3 shows that the hybrid-derived varieties, producing higher mean
yield than the introduced ones, generally had smaller standard deviations due
to location and smaller regression coefficients than the latter. They seem to
have given stable performance at different locations. - The ‘difference in the
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Table 3. Regression analysis of yieldl variation due to-location
= for individual varieties.

Mean Sea- (0 o dus® Regression coef,® Deviation® from® :
Variety E’@gg} S;’él;}_ lof:(;;tion - on location mean regression. (in o)
. ha) ??Z? " (log) Spring‘ S;Illg;' t,Peoled Springi SI?II;' ‘Pooled
Hybtid- '
derived: v
E27 ' 1.25 0.4 | 0.280 1.05* 0.5 7% - 0.87%*% 0.170 0.052 0.136°
E31 ) 1221 —14.4 : "0.223 SQ.TTHH0.68* 0.73** 0.036 0.068 .| 0.055
E32 1.28 5.6. | 0.256 0.84%%. 7 0.83%* k 0.84**-0.115 0.088 0.096
B4 1,13 | —~10.2 0.248 0.51* 1.02* 0.71%* 0.136 0.145 0.152
E49 1.19 6.4 0.308 1.07%% - 0.73* 0.94%* - 0.172 0.151 0.156
k14 1.10 —5.11-0.288 0.79* 1.00 | 0.87*% 0.124 0.239 0.149
F19 1.14 2.2 0.253 0.94* 0.38** - 0.72%* 0.190 | 0.045 0.154
~Introduced : :
(from'
-Japan): :
Kanto-11 | 0.89 | 94 | 0299 | 0.97*% 1024 0.99** 0.063 | 0.055 | 0.054
Takidani-1 0.87 2.5 0.417 0.86 0.96%% %0.90 0.514 0.084 | '0.334
Norin-3 0.70 | —34 | 0417 | 122* | 142%% 130** 0224 | 0.106 | 0.165
Chi chibu-s 094 |~ 10.0 0.387 1.30% |- 0.99* 1.18%* 0.238 0.166 0.198
Aso-1 098 | —42 | 0283 | 038 | 091* 059 | 0324 | 0.110 | 0.240
Kimusume 0.80 2.1 0.405 1.05. | 1.29%% - 1.15%* 0,264 0.073 0.233
Tsurunocko | 0.76 15.2 0.398 k 1.18%* 1.48%% - 1.31%*.0.063 0.105 0.093
Introduced : L
(from
U.S. A): . . .
Ri‘;anoke 0.92 12.7 0.356 1L17* ~1.07f 1.13**.0.160 ’0.108 0.128
Jackson 0.57 22.0 0.355 0.83 1.10% | 0.94*% |- 0.321 0.141 0.233
‘Perry | 096 | 168 | 0371 | 1.23* | 116*f 1.20*% 0.153 | 0063 | 0.108
Lee 0.73 | 147 | 0422 | 1.40%% 1.30*% 136** 0106 | 0.169 | 0.133
Dortchsoy 1.00 2510362 118% [ 1A5%H - 1.14%*% 0212 | 0.140 | 0.170

(1) Seasonal difference= Xspring — Roummer (;, oy

: spring “+Xgummer :

(2) Standard deviation computed from the meansquare due to location on a logarithmic
scale, k k : :

(3) Significance of the mean square due to regression is shown.
S** Significant at 125" level, * at 52 level. ; : g

(4) Standard deviation computed: from the mean square due to-deviation from regression,
on a logarithmic scale. -

mean yield between spring and summer  crops of each variety (in per cent of
the sum of spring and summer yields) is also shown in Table 3. :Most hybrid- k
derived varieties (excepting E31 and E44). showed -small seasonal differences
“than the'introduced ones. As mentioned in: our previous paper, they are
adaptive to both seasons; introduced ‘ones‘might be adaptive only:to the spring
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or only to the summer season, but a few of them appeared to be “two-season
types”.

Co-variations of the regression coefficients on location means with standard
deviations for the variation due to location, varietal mean yields, and with
seasonal yield differences are in Figures 1 to 4, respectively. Fig. 1 shows that
the regression coefficient was strongly correlated with the standard deviation
for location variation, excepting three varieties with a large deviation from
regression. On the whole, a 77.3%-portion of the sum of squares of varietal

vields due to location was found to be attributable to regression. Thus, in -
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Fig. 1. Scatter diagram: showing the relation between regression coefficients of
varietal yields on location means (abscissa) and standard deviations for
the variation due to location (ordinate).

n.8.: Regression being non-significant.

52;: Significant at 52 level.

Others with no mark were significant at 125 level.
(The same applies to the following figures.)
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Fig, 2. Scatter diagram showing the distributions .of regression coefficient of
varietal yields on location means (abscissa) and standard deviation
from regression (ordinate). :
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Fig. 3. Hybrid-derived and introduced varieties scattered according to the
regression coefficent of yields on location means (abscissa) and mean
*yield (ordinate). ‘
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Fig. 4. Hybrid-derived and introduced varieties scattered according to the

regression coefficient of yields onlocation means (abscissa) and seasonal
yield difference (ordinate).

i

. . Xspring —X. .
Seasonal yield difference= ~Spring summer (in 2)

spring + Xsummer
Minus sign shows that Xspring < Xsummer.

most varieties, the yield variation due to location could be largely represented
by the regression on location means. Fig. 2 shows that the deviation from
regression was slightly negatively correlated with the regression coefficient,
and that the hybrid-derived wvarieties generally had smaller deviations from
. regression than the introduced ones. - ‘

' Fig. 3 shows that the regression coefficient was negatively correlated with
mean yvield. In other words, varieties with high performance generally had a
wide regional adaptability. This relation is found not only between hybrid-
derived and introduced variety-groups, but also among introduced varieties.
Fig. 4 shows that the hybrid-derived varieties tended to have smaller seasonal
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difference than . the introduced ones, suggesting a weak correlation between
seasonal and regional adaptabilities. : o

- ‘These computations are, as mentioned, based .on the data transformed into
logarithms. When the original data were directly used, the above intervarietal
correlations were almost nullified. It was also. found that the use of a
logarithmic scale gave a higher linearity of regression than the use of actual
figures. ~As reported by Finlay and Wilkinson (1963), yield variation may be
better estimated in terms of ratios than from differences.

2. Comparison of location variations in Hsinchu district.

To estimate varietal yield variations due to experimental sites with relatively
similar environmental conditions, a Taichung selection (E27) having a high
vield stability and three introduced varieties known to be adaptive were tested

- in eight villages in Hsinchu district. ‘The' results are in Table 4.  The data
" show thaf E27 produced almost the same yield in spring and summer crop at
different sites. After transformation into logarithms, variance analysis of the
data was made for each variety. The results in Table 4 indicate that E27 had
a smaller seasonXlocation mean square than the other three varieties. It may -
be inferred that at least some of our hybrid-derived strains, obtained after

selections in differert seasons, are stable in yield at different locations.

Table 4. Yields and variences of fou¥ varieties tested at. eight
locations in Hsinchu district.
(kg/10a, in 1961)

E27 Dortchsoy Jikkoku Kochi-akidaizu
Location — -
Spring | Summer | Spring | Summer | Spring | Summer | Spring | Summer

Tahsi 154 165 149 145 112 140 128 140
Hsinwu 149 151 151 117 118 |~ 124 126 . 167 -

Chupei 147 153 167 125 126t 130 135 178
Peipu 177 170 173 107 134- 143 128 |- 183 .
‘Nanchuan 153 |. 169 144 101 101 140 98 179. .

Chunan 145 145 158 111 110 131 128 180

Houlung 163 L 144 176 101 128 133 137 187
‘Tunghsiao 179 163 177 150 115 138 137 188"

Mean 158 158 162 120 118 135 . 127 175
(D.F.) (Mean square,in-log.) . )

Season 1 0.000,01 . 0.073,17 0.014,52 0.079,81
Location - - 7 _ 0.001,54 0.003,03 0.000,98 -0.002,09

SxL -7 - -0.000,55 - 0.002,70 0.001,12 - 0.001,86"
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3. Variations due to micro-environments.
‘The above experiments’ indicate the stability in performance of ourA hybrid-
: “deri"ved ‘strains, 'With the view to estimating how their yields ﬂuctuate in
esponse to mmor environments, a series of experlments was conducted. First, -
‘fthe yields of five varieties seeded-at three »dlfferent dates in the spring season
were oompared. As shown in Table 5, planting on February 21 generally gave
the highest yield. However, E27 was found to have produced similarly high
‘yields throughout three planting dates ranging from February 1 to March 13;
This variety is known to be stable at different locations, as already mentioned.
Thls suggests that in certain: genotypes seasonal and reglonal adaptabilities
are correlated ) ‘

Table 5 Yzeld varmtzon due to seeding time.
(kg/10a, 1962 Talchung)

““Yield of plante seeded “on cv C.'V. for individual variation (24)

VA reb. 1 | Feb.21 | Mar.13| (%) | pPlanf | plant  pod number
A%2 ce2r | 281 | 244 | 1Ll | 104 21.9 17.8
E27 286 281 | 276 18 | 103 228 | 193
E31 | 263 235 | o213 | 108 | 125 |, 242 25.7
Jikkoku 189 | 185 | 159 14.2 10.6 23.7 25.8 -
Palmetto 257 283 | 185 20.9 Wa 21.0 20.6

Table 5 also shows that the variations of _individualk plants within plots
~ did not differ much among varieties. Further, four hybrid-derived and four
irrtroduced varieties were repeatedly seeded every dayk starting  from July 21
i:o August 2 (summer crop), and the yield data were recorded.  ‘The variations
~ due to seeding date and to individual plants within plots, in terms of variability
coeﬁ‘icient, are given-in Table 6. The table shows that the varieties tested did
not differ much in the variability die to minor environments. ‘

T hese experimental results suggest that hybrid-derived strains, having wide
seasonal as well as regional adaptabilities, do not necessarily show stability in
: the growth of individual plants, and that regional and seasonal yield stablhty
is not correlated W1th 1nsens1t1v1ty to ‘minor env1ronments

DiscusSion

“It has long been recognized by plant breeders that certain crop varieties
perform well over -a wide range of environments and that this ability is
gerfotYpiéally conditioned. As the environment varies from location to location, d
,and from vear, ‘a Wwide adaptability to charging environments is usually a.;
;desn‘,,ed, character of c¢rop plants. -For evaluatmg varietal performance in
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Table 6. Coefficients of variabiltty for variations due to seeding time
and to individual plants within plois.
(Seeding .was made everyday from July 21 to August 1, 1965, at Taichung.)

Variety C.V. du:;3 to seeding time. (%) C_“}/;‘aé(;:tléirlld_l(‘;fial |
Yield | B | pod no| Height | Yield | B2 |Pod no| Height
A92 241 | 207 | 245 | 149 | 538 | 115 | 427 | 144
Bil ' 268 | 252 | 241 | 100 | 403 | 315 | 235 | 115
E27 187 | 362 | 299 | 148 | 482 | 454 | 262 | 127
E32 : | 272 | 218 | 249 | 178 | 352 | 301 | 267 | 103
Jikkoku 184 | 170 | 157 o1 | 415 | 353 | 280 | 107
Wakajima 2.7 | 203 | 247 | 198 | 342 | 293 | 284 | 122
Palmettto o722 | 266 | 241 | 139 | 208 | 309 | 27.8 | 127
Improved pelican 15.6 13.7 15.7 1159 44.9 36.7 318 12.0

different environments, methods of4variance analysis “have been developed,
which allow a general picture of interactional variations involved in a populdation.
Some workers consider that interactional variances camouflage real genotypic
values, while others, from the viewpoint that genotypes determine reaction
norms, consider them to be an integral feature of genetic variations.

For estimating the responses to predictable environments of given genotypes, .

various- indices have been used according to practical needs. Regional environ-
ment is, however; a"complex of climatological and edaphic factors that cannot
be easily divided into components. Yield is also a complex detei‘mined by
various characters each responding ‘to -environmental -factors in a d‘iffer,ent
way. Dealing with the performance of many varieties in a number of environ-

ments, Finlay. and Wilkinson (1963) have c¢ontended that the response of a

variety to regional as well as seasonal “environments could be represented by

the linear regression of its yield on the rean yield of all» varieties at each site

in each season (location means). - This regression analysis is based -on the:
assumption that the mean yield represents the environmental value of the.

given site in the given season. By this method, a variety with a regression

ceefficient -of 1.G is regarded as having average stabhility .over all the environ-.
ments. - From data for many barley varieties tested at. different locations in-
Australia, they showed that varieties with high mean yield tended to have:
regression coefficients below 1.0; Whi!e@k those with low mean vield varied in a-

wide range of regression coefficients. ;

Konishi ‘ef al. (1965) used this method for analysing yield variation of
barley varieties in ‘Japan; and pointed out that two-rowed varieties, seemingly
adapted tolov&f soil fertility,  showed - higher s*cability of vyield than six-rowed

e
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ones selected from fertile soils.  We also have employed this method of regr'ession
' analysis for estimating yield variations due to location of our soybean varieties.

For estiméting vield stability of crop varieties; Wricke (1962) proposed to
tise as a measure the within:varietal variance due to deviation from expected
values (location means corrected by the difference between varietal mean and
grand mean), which he called “Okovalenz”. = By this ‘method, varieties with a’
higher and a lo“wér location-response than the average may have the same
. -value; varietal variations in yield stability may not be correctly evaluated by
: ; this method. Eberhart and Russel (1966) consider that varietal yield stability
can be estimated by both the regression on location means and deviation from
the regression. The deviation from the regression of a variety is due to its
“different response to the environmental series and to experimental error. But,‘
in many cases, genotype-environment interactional variation' may be largely
represented by the regressions, and the linearity may - depend upon the scale
used.  We experienced that, as was pointed out by Finlay and Wilkinson (l.c.),
a logarithmic scale could better illustrate yield variations than the natural
scale. , ,

By employing the Finlay and Wilkinson’s method, we found that mean
yield was correlated with yield stability among varieties, or that varieties with
high mean yield generally performed well over a wide range of environments.
"Most previous workers investigating this relation seem to have failed to find
such a correlaﬁon between performance and stability (e. g., Allard 1961, Pfahler
1964, Wricke 1964, Eberhart and Russel 1966, etc.). - In general, it may be that
stability and perforrﬁance are inde;;endent. It is~p‘ossib1e‘f that soybean is, as
compared with other grain crops, strongly sensitive to environments, and
accordinély relatively: " insensitive ~genotypes producing ~high vields ~under
unfavorable conditions can have a high mean yield. ’ ‘ '

Our hybrid-derived strains had not ‘only a high average performance but
also a high ?iefd stability in different localities and seasons. Among the strains
tésted, seasonal stability was not ‘strongly  correlated with ‘regional stability,
“'but some of them, e. g, E27 and F19, were highly adaptive to different crop-
seasons as well as to different locations. As mentioned in our previous paper,
their vield seems to be stable in different years. They may be conéidered as
having a general adaptability. In contrast, introduced varieties tended to be
low in performance and in stability, though they were studied because they
have been considered adaptive by Agricultural Improvement  Stations.

It may be noted that genotypes showing 'generaI adaptability were obtained
from hybrid populations repeatedly selected in-different seasons, following the
“two-generation:a-year’” breeding plan. As mentioned in our previous paper,
‘genotypes ddapted to one season were: generally inadaptiv_e to the: other season.
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Accordirigjly, the breeding scheme- brings about a selection pressure working
in a disruptive manner regarding the seasonal effects. It may be attributed to
such a “disruptive seasonal selection” that the selected strains are generally
adapted to changing environments, though this must be confirmed by a com-
parative breeding experiment of “two-generation-a-year” with a “one-géneration-
* per-year’” plan grown in either the spring or summer season. It may be Worthy
of notice that breeding for wide adaptability can be achieved by repeating
selections in different environments. ‘
The adaptability or stability of our sovbean strains may be, ~according to
Allard and Bradshaw’s (1964) terminology, attributed to “individual buffering”;
as the strains are nearly homozygous. It may be that in response to changing -
environments, a population may become polymorphic attaining “populational
" buffering”, while its component genotypes may be selected toward wide
adaptability due to individual buffering. Bradshaw (1965) considers that -
“disruptive selection leads to plasticity of character development. Our yield
stability is not necessarily ‘due to stability of yield-component characters. T he
characters may be plastic, but yield may be stable if environmental changes
in “component characters atre inter-correlated so ‘as .to ‘result .in a biffering
mechanism. This is aproblem to be investigated in the future. - Our -experi-
mental results seem to furnish an example of homozygous genoctypes acquiring
“an individual-buffering: ability, - obtained after repeated  “disruptive seasonal
selections”. : ’
Our experimehtal results indicated that seasonal as well as regional stabilities
of yield were not correlated with phenotypic stability - of individual plants:
This suggests that the dévelopmental stability of individual plants in-a
community and that of plént communities in varying environments-are due-to
different buffeting systems.  According to Sakai and Shimamocto (1965), the
stabili'ty in size of plant organs is a genctypically - controlled  character. ‘The
interrelation between adaptability to changing environments and developmental ‘
homeostasis  reqtires further investigation. ( ‘

Summary

A number of soybean  strains selected from hybrid populations successively'
grown in spring ‘and summer crop-seasons, and certain introduced ones, which
were known ‘to be locally adapted; were tested at seven: locations (Agricultural
'Improvement Stations) in Taiwan. = The yield data, transformed into Iogarithms,‘ '
»were ‘analysed by the regfession‘method as used by Finlay and Wilkinson
(1963);  'The hybrid:derived strains, adaptive to both seasons; generally had a
high mean yield and showed . stability of yield at -different locations.  The:
déviation from regression was mino¥ in most varieties. A similar experiment
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made at eight -different sites in Hsinchu district “also. proved that a hybrid-
derived strain, E27, had a high yield stability. As suggested in our previous
paper;- “disruptive selection” of hybrid populations seems to bring -about a wide-
range adaptability of selected -genotypes. Breeding for wide adaptability and
'yield stability may be achieved by repeating selectionsin different environments.
The phenotypic stability of individual plants within plots did not seem to be
- correlated with seasonal and regional stabilities.
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