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MM ZFE TR (Rk) £ dic88ik,

TM D KRBT (R4:) % HSI38K

MP 358 T3 Sk 8k,

TP @ kit TR % M8k,

Wiz, FAL (1970) » 56 Fo (1972) £ T17
v, Foft (1973) B L UrFeft (1974) {3, MB &
UTD2 I TBIML 2436 BEOREF 2L
T, RFE2RMTRAEL, Hits L UOBREZER
L7,
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¥o—7 L, RBMICHAY, WUEOERFH LM
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5 BT OFRHE L RICHH 2 L 7 FfUTi2500M
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37T, 19745EI2 BT 5 £l GE D HHAN
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HM3IE EHAOE (19745ENM, THEH)

TR i P ey KRR * I ® 100800 9L
i - HB cm [ i
{ = % 2.9 10.2 37.3 37.9 23.3 18.9
4% 4315 )
¥ 1405 3.9 4 53.9 47.5 31.9 25.3
% 4317 + 479104 2.6 9.19 25.5 22.0 30.1 9.6
-7 1279 2.7 10.3 37.7 33.3 31.7 20.5

o OMIFE, T DAY

NN #HEEOT (1973, n=40)

) ks BB % B e ® % 10032 1R & Ut ¢
AL S n — 9,H
M T M M T M T M T M T

MG 3.76 3.564 32.7 59.4 58.7 46.9 46.2 30.1 27.5 28.9 25.8

TG 3.69 3.35 31.0 56.6 56.5 46.2 48.6 28.3 26,4 27.5 25.8

& 4315 MM 2,18 2,32 27.5 50.5 49.7 49.2 51.9 24.0 21.6 26.4 22.7
TM™ 2.07 2.32 28.4 47.1 45.7 48.1 47,5 24.0 21.4 25.6 21.3

MP 2.13  2.36 31.2 51.1 52.1 52,3 54.4 24.6 22,4 27.6 24.0

TP 2.24 2,23 31.5 49.5 48.1 50.8 50.1 25.0 22.8 27.6 24.0

M IHR T ki

MR BENFEY (1974, n=20)

A mukfn BAY X E o ® % 10044 1 & F-HEWAt e
g R ¥ 2 — 9l H

M T M M T M T M T M T

MG 3.93 3.52 35.6 55.6 42.7 37.9 39.1 3i.1 30.7 25.9 23.5

TG 3.77 3.38 34.3 51.7 45.7 39.2 43.2 29.1 28.5 25.5 24.7

+% 4315 MM 3.07 2.96 32.1 47.8 45.0 41.4 46.8 25.3 23.0 24.0 21.6

TM 2.83 2,97 32.3 42.3 35.1 38.4 36.1 25.6 24.0 22.6 17.9

MP  2.82 2.82 34.7 56.2 45.9 49.1 49.1 25.8 24.1 26.2 23.4

TP 2,57 3.02 35.8 48.3 43.6 41.3 45.9 26.2 24.0 24.7 23.5

MG 3.64 2.82 32.0 5i.3 43,9 36.2 38.5 30.7 20.6 24.0 21.2

TG 3.66 2.83 31.7 49.2 38.4 34.8 31.5 30.% 20.2 22.4 18.0

% 4317 MM 3.41 2.81 32.2 52.5 38.8 38.1 37.3 29.9 27.5 23.3 19.3

TM 3.13 2.58 31.8 51.2 395 36.9 367 29.9 27.0 23.2 18.7

MP  3.12 2.45 33.6 56.9 42.3 38.1 37.2 28.7 27.2 23.9 18.9

TP 2.98 2.64 33.8 57.9 41.2 37.4 38.4 29.8 27.6 23.4 19.9

it MR, T ks
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MW YRR — L
-|-%4315, 19734

WIBR - HEWL kDS — 3
- 464317, 19744E

) ) By OE K
AL Ut

o E N

# sl 0%

M T M T
£ K 239 19.63" 22.56" M 119 25.86" 19.26*
at 5 105.25* 236.54*° 13 5 11.56 18.99°*
MG 39 15.59°* 13.59" MG 19 52.61* 74.50*
TG 39 14.17% 22.66* TG 19 15.68°% 35.41°
MM 39 16.36" 16.59"" MM 19 22.72* 42.10"
M 39 8.71° 9.66 TM 19 24,63% 42.97*
MP 39 21.03" 18.82°* MP 19 29.37% 65.62*
TP 39 30.94% 26.61* TP 19 19.93% 35.13°
KoM ] 0.03 23.94 B M 1 135.30* 148.84*°

it 239 5.68 7.39 foL S 119 6.10 18.08

the ML T DA
o125 BARMTATE, «+ 121 %KRHTAHE

WISR U O — 2
J-%£4315, 19745

. Sy Rk
LABE Bl oih

M T

B 118 21.12" 38.03**
14 5 70.80* 236.29**

MG 19 14.77% 25,35

TG 19 14.39" 48.05*

MM 19 28.87"° 23.33°

™ 19 6.62 8.04

MP 19 21,76 15.77

TP 19 27.25% 55.44%

/) 1 6.01 34.51
oo 119 4.63 11.85

e MG, T A
<12 5 %BARMETANE, 13 1 BARBTHE

i, MO, T AN
o 13 S %ARIETATE, oo 12 1 GARITATRE

FRILE D B 4 fidd, 19734754315,
19744E D -1- 443158 & U E43LTH W T hoihd
LME D TTREN2 (8348, PBEB LU
Mn364).
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IZHAMACNIPESEMcERL 72, E0M30%5 L
L EOP AN 632 T8 2 ST P A
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CTI oysr oy sl e, 1-3%431512 517 5 B
Slkid, 19739EEB L FI9T48N 2 4L 12 1%
KT ETH » 72 (B30 b & H40%),
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BITR & B W o 4 B (1974)

N MM R % % £ % 100 & i f- S it
KRCH 5 B —

M T M M T M T M T M T

MG 0.09 0.27 4.5 28.7 30.7 23.7 46.2 8.7 8.0 7.4 12.6

TG 0.04 0.16 4.4 26,9 47.9 33.8 B87.6 5.6 6.3 7.2 24.0

+4% 4315 MM 0.07  0.13 1.0 68.0 39.2 49.9 59.7 1.9 2.3 4.4 11.6

T™ 0.05 0.10 0.4 10.3 8.4 10.1 13.7 1.5 1.7 3.4 4.0

MP  0.06 0.20 4.1 28.8 17.7 44.7 44.2 3.6 5.9 10,9 7.9

TP 0.06 0.05 6.6 26,7 118.1 30.5 79.0 3.5 4.1 13.7  27.7

MG 0.08 0.12 16.1 114.5 82.9 36.1 80.8 8.0 7.7 26.3 37.3

TG 0.05 0.11 2.4 41,5 47.5 32,5 64.2 4.7 5.8 7.8 17.7

+% 4317 MM 0.03  0.06 2.6 54.0 46.5 16.3 58.1 3.2 3.4 11.4 21.0

TM 0.11  0.04 3.6 68.2 56,0 22.1 0.6 1.9 2.1 12.2 21.5

MP  0.19 0.11 3.6 99.9 81.8 24.4 74.0 2.7 4.0 14.7  33.0

TP 0.06 0.03 3.4 95,3 91.3 19.5 54.1 2.4 3.4 6.9 17.6

e M ¥R, Tk

WIBR  FHOT RN CTITHY
+%£4315 +%4317
o 1973 1974 1974
MG 89.3 91.1 87.4
TG 93.5 96.2 80.7
MM 86.0 90.6 83.0
TM™ 83.1 79.3 80.3
MP 87.2 90.1 78.2
TP 86.7 95.6 85.3

ZORTHMBEOMBLTLLE 3L
7, TISBTHMMET NS LUK L FHENE
D CTIE DMOAR WFNDBFESLIET, AF
HABH LNz L, MTII19734 D #H) 4:
TWhHUSE, BT LA BhonLwirbL
CiRANEMERL,

3 & 8

FEBROFER, 435 TIR, WMEFINCE
HEBECTGEREL MG, TG Bt iEL N4
WAEFE N, PEEL e L2 MM, TM #
BOHLY LERTHY), TLTELREICH
HEHEWMP, TP B3 23%MERL, ThEh

DA BUEHMBRIEETH - 72,

MG, TG BI®R AL L, KA E Y,
MP, TP B3 3% B TR0z % - 72, 2 Ui,
KRR — A EH o EeH s, %Ki
EFRNKEZDMIZIZ, ADEEZHEM (Johnson
H1955% ) b bicHEELZ LIS,

MM, TMI2 & L2 TH 725, B e T
EBROBNZIE SV IEO MM R ) (Webers,
1952, Johnson & 1955% &) BLle:z SULRI o> $i10 ¢
Ewizihr Lo rifE NS,

—75, +34317 Tl MG, TG B aind-5 H ot
MTEh - 78 L, BIHRIZIBEA LB S
N, FERRN MR L AT - 22, 2
(3, DAY T, EHOMMA:E 12010061k
&S, AR THRMIC L & CBERUS
BB oicfeh b HiBENS, T2, MM, T™M
BTLRYMORBEMBINE 5722 L1, B
AR A A RPN TH - 12D T, HELw
RIS, BIETRIC, R liNg
WL7z:bTHDH I,

TR43I5TIE 2 5 %L T, TG B FEN
ROMETTELIREELTHY, CTI L],
BSOS I L > L b KE 2 LN 2 H#E
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BEANL MGCHLLIUMP, TPEHLMETTHR WIW  FEUED CTI AR — 1
BHEEL 2B E L, BIKERIKED 5 12 324315, 1973%
Llbnz, W B H % SO B O
MM, TM 843, TAIZKL T, TEHERH M 239 250.27*
WEHh 0 T, CTHL ReXefibndiin 2L 72, o 5 977.20%
I, TTIRREATTMMNh O SGRIZEW D, MG 39 130.77
tiFaHE S TFhoM LB, BEoRgE TG 39 226.59°*
RIETELU Do l2h L HBEEN S, MM 39 281.18°*
HEROGFNUL, sttt BRI EltEnS 2 M 39 136.54
PIRET S, W & RIS OV T, Mz M P 39 384.54°%
BIF2ENLTTREVWHHINED LN, THGE TR 39 248.82°%
WO ELTENBLTBLNEEZ LN, Ko 1 318.00
+R4A3N5D LT MM AT h B LUK e T mox 239 104.27

UL D CTI L AMDHW RS, Tz TIE
T OFEENESr 228 b L, TIZBITS
BIEAP RO L LD EHBHTE S,

iE (21 %K THE

AW THEIED CTI N3 — 2

LA2L, RERTIE, KBRZEIME Tolong
WEWRDEI N Eh 2 ZOBHD 1 HE L T,

+ %4315, %4317, 19745

1971 EMTLE L WHHETH » 12720, Bk W s A N
BEs TICHML T Y, BROMREHTH- 12 54315 54317
EFZHND, ERECHEVTUL, MED LTI £ OW 19 433.96% 525.87°
BUIAEVBIESHIC S bR THD it 5 1472.20* 500.00
9 MG 19 487.57" 537.26
BREROKE, HMAGITLHELH A, il Te 19 37047 375.36
ARERIEE L OBUMBYN I 513 5 IMEHE N MM 19 279.68 576.31°
Kz 5 WSRIAENS, SWA ORI B ™ 19 21573 497.94
WAL DEEZ LN, MP 19 304.42°¢ 597.26°
s (1968) 13, ¥#db & HKIZOWTH Tp 19 672.68% 577.89°
HEEDEWEIAT EWE (%) THEHKL o i I 65400 2456.00™
LU AROMEPEHEES LT, F.28zB1T Moo% 119 182.88 347.35

PREBENREHIGG D EH L, KEOGE i, o125 %KETHE, 121 %KETAHE

WHUR - LRBISNLEFH(n=120) % THTROLVINETT N, BRANE kU
W e RNAD CTI & o HIY

1973 1l
MWL I %0 ES L:d MmN AT N 0 K LS
M T M M T M T M M T
0.26** 0.29% 0.15 -0.25°* 0.2 0.09 0.24* 0.13 -0.03  0.57*

i, 19736, 19744 R B tL Bl — BT DTl £ 1T 72,
T TIRBEBMOELE LT Tl
(25 %KETH G, oo 121 BRBETHE
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HIZMT 5 BRI 2 S L Ty 547
ARBORERY» L L, KEDEIFHECBT 55/ E
2, AEHZ B 54 (13151960, 1961) & [E
Bz, MO MM T TR icE 2 ) Bt
(ENOHEEF-TWH EHRENS,

MMET N 2RB L 3JGAL T3
WarLLwnT, MHERTIE~>—7T5dtE

Lz, Bl—MEHZ DWW TEBTRILEITZE, &
WL S Dfitd, SREILORIKT & BlfigtAcK
Eninilo, FLEFEBRTIIHEKEICL L
TNTWEY, HhbE CRSSICRIGHRY,
Faf b L2 FARRCRERILZMMETED LS
i, WEHSENKIEA L &0, Bikoxhgis &
LIZMETE37255,

VIR SIS BT B IR ECEM: O BUG a i

2% = —F > o Fiskeby {2 v T, 19414E(
KOEHEMEL, ARG EGH'B
i, EELTHEKR TS X CEERR» 5
OHE D S 1, TFiskeby 1l %> "Fiskeby V
% ¥ L 72 (Holmberg 1955, 1973),

SnsoRHIddEEE TEREMICEL, KB
HREGTTLLIVETERL, ARLLVOT
DML T,

AETRRAT—TF bl ALzREmili
SN RES & ORI 2w THRIBEARE NS
Fiz BT 2RO EES BT HLHIZLUTIC
PR L[5 2 TR o § R R AN

(1) RREBELUHE

A2 —F L ENRYRR5, LHHHENREDS
F U R o ME R M2 E & b2, AR
&SED L VFE (M), @ik RiFE L OB (R)
B UK (T)N 3 »riz, 1968 (IF# 4:), 1969

mRR K, BRONGPEEWE (C)

ot Wl

5T 6 7 8 9 10k

£ B

M  10.8 15.9 19.9 19.8 15.1 9.5

1968 R 10.6 15.8 19.1 19.2 14.5 8.0
T 9.7 13.9 18.5 18.8 15.1 9.5

M 8.7 15.6 19.8 18.8 15.4 8.7

1968 R 7.0 15.2 19.5 18.8 14.5 7.9
T 7.7 14.6 18.4 18.2 15.3 9.1
1970-1972" ' Fiskeby — 15.4 17.0 15.6 10.6 —

#, 1) Holmberg (1973) X "IKFE,
Mg, RGBTk

(IGB4E) D2 HHFEEIEL, ChoDRL MR
T2 B B TFREROLE L DR (Fi-
nlay ¢, 1963, Eberhart & 1966, fiE#1968) (2 & »
THESEL 12,

1X2.4m?, 2B Tirbil:,

A2 B KB L BT O ER MR, R
Ta—=F L EMMEL L URENTTIHE Fiskeby
(Lat, 38'36'N) /F#)5i %k L 72,

(2) RERER

SRMICOVWTEKRE & Ui % T 712 TR
ROGHHTOFE R 2 FA3FITRLLL,

ZHERT, SHMSRIREL L ULHERD
FHEDABFICKRE VD, —RBLIUZROLEH

BAIR KB L O L 3 2 AR

D Srisr it
R f;bf, PP F(E)(Y_[l:v)
4 fk 851 37,658.92
B M 6 84.34 14.06 -
£R(Y) 1 875.16 875.16 o« e
Wir(L) 2 8,217.97 4,108.99 - .
GA(V) 70 20,388.89 291,27 e ve
LxY 2 744.56  372.28 o+
VXY 70 989.68 14.14 oo
VXL 140 2,631.32 18.80 o
VXLXY 140  1,394.60 9.96 oo
MM(E) 420 2,332.40 5.55

i, F(Y,L, V)RR 1XBIU2KROLENEMNLET
Hrzarikic L 24 ESRE,
o (31 BARETHE



12 Lt R BB RY My

i, LXY, VXY, VXLEIUVXLXY
BTN LETETH), BroREEIERB LU
s b L TG BB 2R L T3 I &5t
WMTES,

IIT, BENEMIHE—MORBEEEZ, &
BRI 51T 5 2RO EHIZ & ) ZoREICHE
ffi GRMEGEE) 2452, &RHORBIERICNT
5 HREIRHEE (b)) & ES 5 DFRFEG I (s%)
b W2 ORI htgzsEd % HiE U 22 (Finlay
51963, Eberhart %1966),

AP & ) B L 72 B4R D BB
DWTORHHY (1) BRkDEBENVTHS,

1968 M 5.13

R —1.41
T —0.68
1969 M 2.93
R —5.64
T —0.33

RS 113, SBUUC 51F 2 £RH0EHH
HEREE ES W LT,

li=(Z Yij/v) — (£3/vn)

TiRER,

Zli=0TH3,

SITIRIKEHNSE, j i FHOREE 2
L., vEIUnidihifd & CEEE L TT,

D& Y2 L TRD 12 B0 AR OB
2, PM2ERL 2RI AR R GOMIm E & ¢ —
L, Mzl BRE iz 5 5 EQERHE
£ (b) (LA REMINT L RIE, T4bhb
B & v —BME R T Lo EE 2 L,

WAL E IR @B & 277 2 —F > BRI
b & s’ D ERL A, dLHEEAERREL24 ST
B, B L 138 iA b > | ThoonitztiL,
A 2 —T Y BUI25RHh 1 RN A H D
>1THY, sadb—Mi)hEdoiz,

MASLA M § 5 i e &5 L 22 21
KR LN R 53 It MR WL R D & D IRIES
WU L T BT ETH 72,

MNP & R 7 = — 7 > IS
2T, SEHNGE (V) LR (b) Y
ffxRL, ZAMISRICIIEBY (m) LEAEHE

# (b) EnMREERLL,

BAHRE (b)) (EAIRUR (Y) 28wz &k
avwigimERLE,

A7 = =T IR P AtEAG <, b LS
W, [E =Rty oL dbigii Sk & sk L €
L, biz—8c A &EH a1z,

WA AN INESE T 2 — 7 — i

SRR A o2
g/0.12m 9}, H

MR TN EEEY 125 10 083 0.14

th i D)

WoAL N g 11.4 11 0.85 2.83
|- % 879104 14.8 10 0.91 4.81
| i NIV 19.9 17 0.86 3.11
8o 20.5 17 1.00 4.35
PR v 23.5 23 1.35 5.04
A B Sy 22.4 22 1.70 3.92
L3 NI B 14.7 11 0.68 4.38
5 [h4 25.6 25 1.32 7,58
{i 2 X% 25.4 26 0.99 1.95
A 26.4 24 1.04 12.51
K 2 4 25.6 27 1.25 13.64
L A ¢ 21.2 27 143 4.34
l LU - B 1 14.6 13 0.89 2.83
WM osp b 15.1 14 0.93 2.03
631310894 29:-7y  18.2 14 0.60 1.9
634-13-130~-10 12.8 13 0.51 4.04
634-31-157 21.6 15 0.56 4.32
634-13-46-16 24.5 16 0.79 8.43
840-2-7 10.1 4 043 1.26
843-20-1 13.6 16  0.53 3.49
856-3-15 19.2 14 0.7} 4.28
856-3-34 14.9 14 0.42 1.64
882-27A 14.2 15 0.76 12.46
882-27B 12.6 15 0.43 1.45
1040-3-23-) 15.5 15 0.57 11.49
1040-3-23-2 15.5 14 0.57 5.32
1040-1-4-1 18.5 15 0.66 1.56
827- 4-23-46 13.7 15 0.78 1.64
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Studies on Cool Weather Tolerance in Soybean Breeding

by
Takashi S ANBUICHI

Summary

In order to clarify the important characteristics of cool weather tolerance and to find out the
effective methods of selection for cool weather tolerance in soybeans, a series of experiments were
conducted in cool weather years and in the test nurseries located in the mountain area and the
coast which had usually cool weather conditions.

The progress and results obtained are briefly summarized as follows ;

1. Multiple regression analysis and correlation analysis based on long and short periods of data
for climate and for soybean growth and yield were carried out. Generally, standard partial re-
gression coefficients and correlation coefficients of soybean growth and yield with climatic condi-
tions of June and July were higher than the coefficients with those of August and September.
This tendency was quite remarkable in early varieties, and the later varieties were affected also by
the climate of later months (Chapter II),

2. Soybean growth was compared at the different stages between normal and cool weather
years. Plant height, number of nodes on the main stem and number of branches in the cool
weather years were markedly low during the periods of carly stages, followed by rapid, spindly and
viny growth after the air temperatures going up. Delay of flowering and maturing times in the
cool weather years are clear.

Correlation coefficients between the growth in the early stages and the accumulated mean air
temperatures were positive and very high. Poor growth in the early stages was closely associated
with low level of yield components and seed yield.

The author surmised that the cool weather damages in soybeans were much attributable to
the depression of nutrients and physiological function resulting in the decrease of yield components
caused by the low temperatures during the early stages (Chapter ).

3. To estimate and analyze the cool weather tolerance of each variety, the following formula
was applied for some agronomic characters ;

Cool tolerance index = A / B x 100 (%),
in which A is the value obtained under the cool weather conditions and B is the one under the
normal weather conditions.

Cool tolerance index (later will be called as CTI) was applied to the soybean growth and yield
in the cool weather years and in the normal years, and also those in the test nurseries located in the
cool weather area and in the field of Tokachi Agricultural Experiment Station located in the
favorable area.

It was recognized that "Shinsei”, "Kita-musume”, "Karikachi” and "Kitami-shiro” which
showed high CTI of seed yield, were highly stable in the cool weather years and on the other hand,
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"Kogane-jiro”, "Hokkai~hadaka” and "Hourai” which showed low CTI of seed yield, were unstable.
The correlation cofficients between CTI of seed yield and those of number of pods and seed
ratio to total dry weight (Harvest index) were positive and very high in all cases. It was recog-
nized that the varietal difference in cool weather tolerance was mainly affected by the pod-setting
capasity of each variety grown under the cool weather conditions (Chapter ).
4. Growth vigor was visually evaluated in the early stages giving following scores ;
5: Very good, 4: Good, 3: Middle, 2: Poor, 1: Very poor.

This growth vigor was highly correlated with plant height, LAI and total dry weight at that
stage. The correlation coefficients between growth vigor and seed vield were higher in the cool
weather conditions and those between growth vigor and CTI of seed yield were highly significant
in all cases.

It was clarified by comparisons of near-isogenic lines or varieties that growth vigor was
different between some contrasting characters such as size of seed, pubescence, leaf-let shape and
growth type. Big size of seed, pubescent, broad leaf-let shape and determinate growth types
were vigorous and on the other hand, small size of seed, glabrous, narrow leaf-let shape and
indeterminate growth types were poor.
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It was recognized that the growth vigor in the early stages was one of the important charac-

teristics in the cool weather tolerance of soybeans and it could be one of the reliable selection
criteria for cool weather tolerance, together with pod-setting under the cool weather conditions
(Chapter V)

5. An experiment of visual selection for growth vigor in the early stages, early maturity and
number of pods was tried at two locations, one of which has cool weather condition and another
favorable one.

It was suggested that visual selection for growth vigor in the early stages and number of pods
at the test nurseries located in the cool weather area might be effective for cool weather tolerance
and high yielding (Chapter v1).

6. Twenty four of Hokkaido and twenty five of Swedish varieties together with twenty two of
others, most of which have early maturity were grown in various cool weather locations and years.

To estimate stability for yield in each variety, the methods of regression analysis was applied.

Most of Swedish varieties showed low coefficients of regression below 1.0 and more than half
of Hokkaido varieties showed high coefficients above 1.0. The deviation from the regression line
was also low in most of Swedish varieties.

It was surmised that the stable performance of Swedish varieties was based on cool weather
tolerance and the successful breeding of these highly tolerant varieties should be due to the
selection environment with the severe cool weather conditions (Chapter ¥II).

7. A cool tolerant variety "Kita-musume” is much grown in cool weather areas of the Tokachi
District and it shows stable performance also in other ditrict.

A variety which has more vigorous growth in the early stages and more steady growth in the
later stages with rather short plant height maintaining photosynthetic ability in leaves for longer
periods will be one of the desirable types in soybean breeding for cool weather tolerance
(Chapter V).





