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- Soybean varieties may be roughly classified as early type or late type,
according as whether or not they come to ripen early"uﬁder a -particular:
latitude or under given. climatic conditions.. The Varzetles grown.in the
United States have been divided into nine matur11:y groups (Morse and Cartter,
1949). Lu (1961) claselﬁed about 150 soybean varieties mto eight ecotypes
based on the days from sowing to ﬂowermg (ﬁowerlng tnne) and the period :
from flowering to maturlty These two methods of class1ﬁcat10n are -rather
artlﬁc1al and are of 11ttle “help in the quant1tat1ve evaluatlon of the likeness
of the various varieties. : /
 The characters in which a plant breed;er is interested are the metric
characters. "However, these characters can hardly be evaluated genetically,

for their heritable variations are usually masked by large non-heritable or

environmental variations. TIn the ‘edrly days, breeders exercLsed selections on
the basis of 'indirected‘chaifacters of which, they believe, the favorable res.
ponse may be extended to the characters of interest, but the actual effect

_ attributable to each character is usually unknown. Especially, the ‘metric

character could be a supef character (compound character); which may not be
measurable by itself but may be measured by several sub-characters.  To

app:roach this problem, R Ae Fisher offered the method of discriminant func.

tion in 1936. It is but a Tinear function of the. sub. charact, "s, by which the

In many cases varlej es are 'so s1m11ar ‘that 'they have no - recognizable
_they can be distinguished only by their physiolo-
gical or ecologmal characters, A number 'ofmstatlsucal methods have been
offered for overcoming these d1ﬁicult1es, but in this paper ‘we are concerned
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~ only with the discriminant function method of Fisher (1936),i.e., construct-

ing a l1near diseriminant function for metric- characters of soybean varieties, -

and then dlscr1m1nat1na those var1et1es as well "as thelr Fz hybrid progemes
into several groups by means of their discriminant values, and ﬁnally, select-
mg the desirable cross- combmauons and F, 1nd1v1dual plants

Matenals :

Nine soybean varieties .and their F, progeny were . .used in this. study,
namely; Taichung Green A, EhERD), Tsao ta-tou ( %;Eﬁ:‘._'a Jackson ),
Shih-shih (D, &), Japanese Green (E, B:l:%&a) Sheng liang (F, Z:),
“Wakashima (G, #1355), Palmetto” (H, m2:5); and Mi-yueh (T, 2k#E)-  The

nine cross-combinations were AXF, A><G - BxD, B><G C><D C><G CXH'

EXH and. E><I etc, - :
Eleven metnc characters were measured ie, A’ : ﬂowering time, B’ :

period from flowermg to maturity, CI: matunty date, 'D’: plant height, Eff
no. of branches, F/: no. of nodes on main stem, G': no. of pods, H': no. of

,seeds, I': no. of seeds per pod, J: wt. of 100 seeds and K': seed yield. The

"data were’ recorded on an 1nd1v1dual plant bas1s, forty plants were selected in

a randc)mlzed manner frOm each varlety, or from each cross combmatmn

Sta:tfstlc’a’l' ‘Methods‘

The stat1stlcal methods of computatlon used 1n th1s study were as foll ws :

A The selectlon of smgle ‘character for the constructmn of d1scr1m1nant
i T he coeﬁ‘ic1ent of d1scr1m1nat10n (k) for smgle character between

es was estxmated by using Lublschew s method (1962 )

Kk = lXl Xz)?‘ (X1 Xy)2 o F o
'—v 230 s2+82 W‘n"' T

(1)

single characterk, while # is the number of individual plants of each variety.
The estimated k can be used to estimate the probability of"miscl‘assiﬁcation (p)

when the character X is used alone Nme best traits (i e, those g1v1ng the” 2

largest value of k) were selected for the c‘ nstructlon of dlscrlmlnant functl ‘
by using Kendall’s concordance coefficient (1955). S
B. Constructmn of the d1scr1m1nant funetion. for metric characters of

soybean var1et1es The varlances between and W1th1n var1et1es for ‘the. nine
most promqsmg characters were’ calculated and were used to ‘construct two

discriminant functions for the soybean var1et1es usmg the approach suggested g

in Mather (1949) and Rao (1952)
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respectively the mean value and the mean square of a
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X klcl+k2C2+k303,

Where k coeﬁ‘icxent of equatmn, C mean value of sub character
Let,

S1= kfsg+ kgsg+k§sg+2klkzslg+ 2k2k382;+2k3k1331
=sum of squares of between varieties,
S k“E5+k2E2+k2E2+2k1k2E12+2k2k3E23+2k3k1E31

B -sum of squares of W1th1n var1et1es,

Where S2 and E? are the sum of squares. of between and Wlthm varieties, S;;

and E;; ¥ are ‘the s’um of product of ‘between ‘and within' varletles respectwely
To max1m1ze the dlfference between var1et1es and minimize the dlfference

'élae; r~§—;f:=0 It follows that Z‘,Zk ( —‘—6},5;,‘-‘:);:: ),

Wlthm varzetles, we set

where 8= 82/82 -

, We may solve IS, ;—0E;; l =0 to obtam the three roote of g, and then we
may obtain the two best linear dlscrlmmant functions, if we used the two
more: efficient roots of ¢ (Bartlett 1947 ) to construct these functlons

C. Discrimination of soybean varieties ‘based on their discriminant values:
A dlagram of elhpses with equal probab111ty dev1at10n Was drawn to substltute
the reglon of acceptance of two dlmensmnal representatlon on the ba31s of the
dlscrlmmant values of a. varlety,
: Suppose that the cr11:1cal reg1on of the two d1mens1onal dlscrlmmant values
is defined by '
A

nin—2)F
Fe=otnt1) L22

(X%, (=X, ]>F¢<,, ).

If F,=F,, we may say that (1—a)X1002% of the discriminant values are
contained in this critical- reg1on We may transform th1s equatlon 1nto a
~standard equatmn of . elhpses, thus . Gk

Where, 1f Zx >0 d<0 or Zx b<0s0>0 (0= rotatlonangleof a;}'{es)"“
- A=t 2
S d=g 2A {(Ex'2+2$'bz>+[(2’”'z 2V +4¢ Zw ]l]z @
b {(Ex'2+2x )- [(swy—zay >+4(2w’x;, ]1,2} st

Cand, if 3 20 50 00, or Sty <0, 0<0, then’ &
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at Eg—{(zx"ﬂuzx )= [Zx'z—Zx’z) +4(Zea}) ]VZ R
7Y St . @
o reg{Eeteza +[(2x;2—2x;f)2+4<2x' 1%
with A= (zx”)(z:x - (Zalzy)
L nn=2)
= 2(n+1)Fy

Fy=F(%-2) (a= probability of risk=0.05 or 0.01)

n=number of individual plants of each variety..
235wt

0=% tan‘1~————~§ oL

v DRI

The areas of the ellipses may be rough esfimates, which would contain
952 (if ®=0.05, or 99% if «=0.01) of a large number of Vtwo-dimensional'l
discriminant values. - , o k
. D. Classification of the F; progeny on each cross-combination: Based on. .
the two discriminant functions, the discriminant values of the F, individual ~
plants of each Cross-combination can be estimated, and the graphical method
can be used to delineate the group of the F, progeny.

‘Results acd Discussion

A. The selection of single characters for discriminant function

" Usually, the characters used in the construction of a linear discriminant .
function are selected unsystematically, and the' function often gives very small- )
or no im\provement, in discrimination over that given by any single character. -
To>promote the efficiency of this method, we must select for the discriminant 5
function those characters. that are. appropriate and- discard those characters- ‘
that are inappropriate, otherwise the calculations will be too cumbersorne.‘f
This can be achieved by using the coefficient k. '
tion ;( p) ,for each of ethek eleven smgle characters between two varieties: were
estimated, using equation (1), and the results are given in Table 1. E

In Table I, 'we have for each character a total of C3=36 combinations of’

varieties, taken two at a time. If we count the number of combinations
under certain probability range of misclassification (p) for each of the single
characters, and rank the results in according with the relative magnitude of
the numbers counted, we may find a result as shown in Table .2, '

~In this table a total of eight sets of probability range of mrsclassiﬁcation
;are‘ g'ive‘n.' In -Athe set cf p=0—0.05, the diffe‘rence between any two varieties
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Table 2. Numbeys of variety combinations and ranks (in parenthesis)..
' - assigned. 1o eleven single ~characters by ezght probabzlzty
G ‘ranges of misclassification.
f;ggé ’ B cr D’ I Eroip G,» . U Jr SREE
0-0.05: "2(2)- 1 0(4) . 1(8) | 51| 0(4).. ,19(4) S0 S04y | 004) [ 064) 1 0(4)
0-010| 2(3) | 2(3) | 4(2)| 61| 06) | 14| 0o6) | 05) | o) | 05) | 0(5)
0-020| 9(3) | 84 | 102) | 12(1) | o7y | 121) | o) | 16) | o7y | 7(6) | 0o(7)
0-0.25 14(3) [ 12(4) |16 [ 22(1) | 1@ 16(2) 1 3(8) 1 3(6) | 08y | )l (D)
0-0.30 | 19(4) | 16(5) | 21(2) | 26(1) | 6(8) | 20(3) | 15(6) | 13(7) | 6(8) | 19(4) | 6(8)
0-0.33 | 20(4) | 19(5) | 23(3) | 26(1) | 6(10) | 24(2) | 17(6) | 16(7) | 10(8) | 20(4) | 7(9)
0-0.40 | 21(6) | 28(2) | 27(3) | 28(2) | 13(9) | 29(1) | 23(5) | 21(6) | 18(7) | 26(4) | 14(8)
0-050 | 36(1) | 36(1) | 36(1) | 36(1) | 36(1) | 36(1) | 36(1) | 36(1) | 36(1) 36(1) | 36(1)

could be dlscrlmmated by any smgle character in the set of b= .0—0.40, about
. '2/ of “varlety combinations can be drscr1m1nated and in the set of p=0-—0.25,
22 Varlety combmatlons are d1scr1m1nated by plant helght ( D). : ,
e For a datum cons1st1ng of ‘m sets (m -7, excluded the set of p= 0= 050)"
of ranks, a descr1pt1ve measure of the agreement or concordance between

these m sets is prov1ded by Kendall’

AN=NT N

128

(1955) coefficient’ of concordance (w),

Where S the sum of squares of mean d1v1atrons of the total ranks of the mo
sets. m=the number of sets of ranks N= the number of ranks in each sets.
oth m and N For N>7 a xz-test may be
with N 1 degrees of freedom For the data

’ Critical values of w depend on b
‘apphed by us1ng, =m({N— 1)

of TableZ S=3072, m=7, N=11 and w= +057 xi=

39 90**.

When dr=11-1

-10 the value of Ch1 square requ1red for significance are 1831 and 2321 at .
the 5/ and 1/ levels respectively. Therefore it may be concluded that therc

Cwas concordance between the m sets,

. drscrlmmatron ofa smgle character among the m sets remamed unchanged
The - ‘degree of dlscrlmmatmn of the varlous characters Were found to r

be in the followmg descendlng order plant height, maturity date no. of nodes

on mam tem, ﬁowermg, me, per1od fro

; branches

In other words, the relative degree of L

; ‘Werlng‘ to maturlty, Wt of, 100
; seeds, no. of peds, no. of seeds, no. of seeds per pod seed »yield and no. of
From: this result, it can be concluded that plant height is the

while the no. of branches the worst, when each is used as a “single cha acter -

for discriminating the difference between two varieties.

of branches between two varieties was too small, and, moreover, this single

character is liable to be affected by the “planting ‘spaces”.

y1e1d was no doubt an eas3r measure, but not qu1te rehable s1nce it 1s “affected

The difference in no.

The observed seed




by both the environment factors and the genotypes of it’s sub-characters (i.e.,
~ no. of'fpods""‘noﬁ‘ of séeds per pod and wt. of IOOA seeds). We, ‘therefore, gave :
‘up the last two smgle characters, and selected the best nme s1ng1e characters, "
r 'for constructmg ‘the dlscr1m1nant function.

B Conslmctzon of the dzscrzmmant functzon for metrzc chamcters of soybean
- varzetzes :

.. The nine quant1tat1ve charactes, Whlch were slected by using the method
discussed in the prev1ous section were divided into three groups e
Group 1, physrologlcal characters; i. e;; flowering time (C,), perrod from

‘ - flowering ‘to matur1ty (Cy) and: matunty date (Cs) '
Group 2 characters of seed yleld component, 1 e, no of pods ({ C4), no. of,

s seeds ‘per. pod (C5) and Wt of 100 seeds (Cs) SR

Group 3 other characters, 1 e, plant helght (C7) no. of nodes on mam
stem (CB) and no. of seeds ( Cg)

S The analys1s of var1ances and covar1ances of these character groups are k
glven respectwely in Table 3,4, and 5 : :

The d1scr1m1nant functlon Was constructed for each character group based

on the pr1nc1ple of maximizing the drfference between varletles and mlmmlz-'

_ing the difference within varieties. This method has been descrabed by Mather

: (1949) and Rao ( 1952) The standardxzed best hnear dlscrlmmant functlon of :

’the three character groups are gwen spectwely as followmg

X;=0, 2357001“ 0;0370902+0 2012103 i -

- Shlhqshxh :

 Japanese Green ool agmaeg LT qa708

. Shengliang | 950838 | 07243

"Wakashlma s C026.0045 ] 12480
270273 | 19050

261733 | 3043

~Palmetto b
M1yueh . e
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The test of a discriminant“function of each character group by an analysis
-of varlance is also shown in Table 3, 4, and 5, which shows that the F.value
~of the d1scr1m1nant function of each character group is e1ther greater than or

'approx1mate1y equal to the F- values of any single characters within the group, '

except for the characters such-as wt. of 100 seeds (Cg) and plant height (C;).
In other words, the discriminant functmn of character group - is effective ‘in -

d1scr1m1nat1ng the difference between varletles, but gives no better d1scr1mina-
tion power than the best single character in each character group. In Table

4, the F-value of Group 2 (the discriminant function of this character group,
- can be regarded- as a compound character relative to the respective y1e1d

components) is greater than the F-value of actual seed y1e1d In other Words '
itis mere difficult to d1stmgu1sh the difference between any two varletles by
the character of actual seed yield than by the compound character correspond-
ing to seed yield. :

Using the derwed X X, and X' values we may ‘obtain the bestf'it two
standardlzed linear dlscrxmmant functmns of nine  metric characters 'by'the:
similar procedure described above; g

X, =048773X; +0. 34234X;+0. 59386X' ‘
=0, 1149601 0. 01809C2+0 0981403+ 0. 0’135504-1—0 0000505 , .
;'k-O 0021906—}-0 0397607+0 00591C8+00055809 : k L 6) -
095896X'+0 51151X;—0.05351X; &
. —-0 0.22603C
=0, 00327Ce

0. 03557C2+0 1929503—1‘ 0. 02024(34—}-0 00007C
0. 00358C7 —0. 00053C8 '005009

S

1 ant functtons were calcu-r

The analys1s of va
: lated and shown in .T bl
greater than the F Value of X, and also greate

Table 7. Analyszs of vamance for two

“Source of vanat;o ‘ :

- s | 309 7627 ,
{ varletxes . o 351 S 42036 : e 10874
F-valu et o .6899':*,*' e 56.7400**

. between varletles

*;gz S1gn1ﬁcant at 1/ level

S Incldently, both of the F- values of X’ and Xb are smaller than that of the
'plantn helght (C'[), but greater than those of oth or single character_s. Therefore,u
the dlscri\rnmant( ,functlon (6) is the most efficient one ahlong all these discrimi-
~ nant functions thus far constructed, but it still gives no better discrimination
than the best single‘character. " o e ;
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C. - Discrimination of - soybean varieties based on: their discriminant values

The mean values for the equations (6) and (7) for each variety are
given in Table 8. These values can be used to estimate the parameters
of elliptic equation given in equation (2) with equal probability deviation
(@=0.05 or 0.01) for each variety. The results are shown 'in Figure 1. ‘The
new. origine, angle of rotation, and the coefficient of the elliptic equation are

Table 8. Mean value, angle of rotation and the coefficient
of the ‘elliptic equation

Mean value Angle of Coef. of elliptic equation
Variety (riew origine) _rotation a=0.05 ] @=0.01 -
X, X3 ] ka | kb +a +b
Taichung Green 1418 | 2449 | —=35°23" | 018 | 156 | 021 | 181
Tsao-ta-tou 11877 | 23.87 | -87°44" | 0.16.| 1220 019 | 141
Jackson , 1315 | 2350 | —38°38' | 008 | 028 | 010 | 032
Shih-shih 1358 | 2345 | —38°62 | 0.09 | 030 | 011 | 044
Japanese Green : 1405 | 2421 | —32%0' | 014 | 09 | 017 | 112
‘Sheng:liang 1371|2429 | =36°10T | 010 | 042 ] 012 | 047
 Wakashima | 1519 | 2548 | +43°10' | 068 | 018 | 080 | 020
Pelmetto | 1685 | 2662 | +34242' | 070 | 017 | 081 | 019
Mi:yueh | 1665 | 2640 | +22°30' | 022 | 022 | 025 | 025

also given in Table 8.

In Figure 1, the Variety,’ Jackson (an American ‘variety which we call
Group I here) occupies a position at one end of the scale, while the varieties,
Palmetto and Mi-ytieh,l‘are spread out towards the other extreme. These latter
varieties we call Group 'V, which show the'same_ characteristics, when planted:
under the same environmental conditions. Thus they are similar in compound
metric characters. Palmetto was an old Chinesé variety, which was introduced
to the United Statees from Naking in 1927, and to Taiwan in 1953. Mi-yueh
is a Japanese variety. These two. .varieties ‘were ‘all ‘native to Asia. The
other four varieties, Taichung Green; Japanese Green, Tsao-ta-tou, and Shih-
shih, all lying very close together in the figure, we call Group IIL The first
two vdrieties, Taichung Green “and Japanese Green, have the same 40'1:igin.,
Taichurig Green was selected from Japanesé Green by the College of ‘Agric;,
N.T.U.. The other’ two varieties are also Japanese varieties. - Shih:shih was
introduced  from Japaﬁese in 1954, These later four varieties show the same
characteristics in Taiwan. The other two groups, Sheng-liang (Group II) and
Wakashima (Group 1IV), lie: very close to' Group I, but are clearly distinct
from the latter, It may be concluded that the characteristics of the wvarieties
within each group are similar. ' ‘
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k Group I: €. Jackson
Group. 1I: - F. Sheng-liang
Group - II: “+A. Taichung Green
E. Japanese Green .
“B. Tego-ta-tor :
S D, Shih-shik
Group 1V: G. Wakashima
Group’ Vi H. Palmetto
L Mi-yueh
; T "'X:
15 16 hE b N

Figure 1. The conﬁgu;'ation of the variety ‘group of soybean varieties

D. Classification of Fs hybrids in each cross-combination ;

For metric characters, it is considerably difficult to select genetically desir:
able type in breeding Work, because heritable differences are to . some extent
\m‘asked‘by non-heritable variations. < In this study, we used the discriminant
' ,functlon ‘of -the parents to estimate the discriminant value of “F; 1nd1v1duals
and to determine the characteristic of F, plants. ' e o

The discriminant’ valae of F; individual plants was estimated by the
equations (6) and (7). The graphical method of a two-dimensional répreésenta.
- tion was used to denote the characteristic of the F, plants, the results being
shown in Figure 2. From Fig. 2 we infer that most of the F; plants lie out-

side the 524 admissible range of the parents. However, it is not clear, which
group they are likely to belong to. But a desirable cross-comination  may  be
- selected by examining the variation pattern of their diécrirﬁinant values, and
it is possible ‘to.obtain a desirable individual plant also from the combination
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which may. show a large variation. In other words, large deviation of
discriminant values can bé obtained. by inter:group crossing. ’Int this study we

have selected. five desirable’ combinations, i e.; A XG, BxG, CxG, CxH, and
ExH, from which the desired individual plants are to be chosen.
The above results suggest that this'method may help in the quantitative

evaluation of the likeness of. different varieties. Thus we may apply this
quantitative approach-to the construction of a natural system of classiﬁcation
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Figure 2. The distribution of discriminant value of Fy; hybrids
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