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STUDIES ON COOL-WEATHER TOLERANCE
IN BEAN PLANTS

1. Response to Low Temperature and Shading Light
in Plant Growth and Seed Yield

Tomoaki NARIKAwA, Toyoo MIURA & Isao MATSUKAWA

Nl CRu, Dids kO R5E) OBIGTEMIZIRY 23505, Lo AR 5
SR P ERMEHE & SRS E @ 2 i D & DA B 0B S TOIH, 12@mHE

ey, (it

LN & Tt B BRI Uico T O,

FHURITH L, 3 flouMTT

BN BBUSEA L, TRMEINEN M bR, Ch SO &R T

LoljtaE oz oW TEREMA T,

I B

Jeiiiiic BT O RN S iTD
M, BUE, o IR M B 545,
13d, ihhiEto# 20%, LG TH S |
AN TR 30% 2 LD, MEEE Ld B0
BEET L 5 L& hd T REESRE oy
THB. LirL, FHOHNOIEE "7 D BLaii
MLTHBY, SOICAEREHONFT EM, L

PEE ARUEEIC LTV B o TOMRBINE, it
AAOEIC B AF LOPULITFIC L 5 L 2 Dl
K&
cwxﬁmmMTr&qf.umwﬁmumu
GG, HAVREALSMA N TEIT &
mmﬁb
L#L.JH®MAUKMT Mz EDHT

AITUS (58 C1961), ZEEE - d 1962y, Lyl
o (195730), RFED 1 )\lat;Lh.. -5 53 N A B

T FESELEARRE

o7 74 e vENRE, RO HE
THH 1964 LD BMBROEMM S, N EDOH
Stk BB &, 2 ORI o0 T
ARt (Rl - R (1968)3)0
& o BT, JLinEi T L 18 AR ER LA AR
OHLHRBRBLT—ITI o7 UL,

Pk, KR LS Zil EMET DT
s DI, L*JI’( ‘1 f’%/(_ 5 ';f?' ﬂginu‘ﬁ&b‘“ﬂi

EERUERPE E D BRI E LTESA SN
HbH. TIRKITEY, VMM ERICH LT
.J.U)& SRS KT A RT3 80NH 5
LU RIS Ay AR IERL, U!.
WiHEhTO 3 (Brows (1960)0, 7 (1962)2) 28
Sttt s Ursth iz adbicoiit,

AREeBT, R &hlfbiEE DB RICHT
(2, A Qe (E LW Z K OMEMNBEN, 4
)'L'l"lc:fa‘b‘ZaI’lfL’.f‘Elcz‘u'umz S DB BT EMH

INTHWE, 2D LR, ABRIEHOYIEL

‘H'.’::‘ 52 B LIS T H5H

bR AL ARER RS TIE, 1966 SIS (I v S o



EHOGHHECET 3B 1

SERRTE, DB RETIR D 12 i Fli 2 OOF
EMBENTVAN, cCRETD—BELBET %,

ABIRDRITICH D, FAlhgLithhbon
A1z, TR RIRRI RIS, RN
02RO HSRHRICER L 2 B EENT 5o

oI #¥R&EXUEE

AL IO Ko L 34kE% Table 1 i
1T o

KEZDO ERA) ETHYAF] 3L HICHE
MALHENPEMIE T, TTRIBTIN (determinate) (T
BT AMTMTHB. TaH Y elB3I+HHERE
XA 4T) ORNTHTHTH Y, [Harosoy )
AR KPR THMIPFTR (indeterminate) @ [5]

THTH 3.

NI E DB ENHRETIRIIN, MRNE]
B IESREXBAERN 1S o®{TH 54,
250 3 RMEVnFhd, FEEME/IRTOHT
NEICLEDBDTH B

WD [RESK] & MRWER) &, o
BRI, i) & TRFCl i, 2k
BWUMTHY, COARMITOHEDAE(R
WLoTW3B,.

meE Sz, Table 2 (R LAEBDTH S0

peRLPEIX, KN 15°C, MY 12°C D SEiHIC
WA L7, natural %8, FA, FARIRIE,
TRIRT DA, KRR 23~25°C, LS
2 16~18°C, T-H5Hil 20~22°C TH 1o

Table 1 Characteristics of varieties used

Varicty Maturity Plant height | Seed weight Growth habit
(cm) (gr/100 seeds) .
Soybean
Kitami.shiro End of Sept, 75 25 determinate
Karikachi End of Sept, S0 28 determinate
Kogane-jiro Beginning of Oct. 85 22 indeterminate
Harosoy Beginning of Oct, 95 20 indeterminate
Adzuki bean
Takara-shozu End of Sept, 40 12
Hikari-shozu End of Sept, 45 13 -~
Chagara-wase Mid, of Sept, 30 12
Maruba No, 1 Beginning of Oct, 50 13
Kidney bean
Taisho-kintoki End of Aug. 10 65 dwarf
Tsunetomi-nagauzura | Beginning of Sept, 40 60 “dwarf
Kairyo-chunaga Mid, of Sept, 100 55 semi-trailing
Otebo Mid, of Sept, 120 30 semi-trailing
Table 2 Methods of treatment
Treatment
Exp, No. | pemperature Light Notice
To . natural natural 1. Both treatments were continued two weeks during
T, natural shading flowering period,
2. Low temperature means 15°C (daytime) —12°C(night)
Ta low temp. natural 3, Shading was treated with gray lawn which intercepts
Ta ‘1 low temp, shading 85—90% of solar radiation, oo T
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Table 3§ T,/T, ratios in Total number of nades per plant (%

To T T, T,
Variety
1968 1969 1968 1969 1968 1969 1968 1969
Kitami-shiro 100(50.0) 100(45.1) 89 67 77 83 84 84
Karikachi 100(34.5)  100(37.5) 89 67 106 88 110 71
.. Kogane-jiro . 100(42.2)  1060(32.8) 73 72 109 102 101 91
Harasoy 100(48.0)  100(35.0) 70 63 95 85 14 79
Mean 100(43.7)  100(37.0) ot 67 95 89 101 81
Takara-shozu 100(29.8)  100(18.8) 54 82 54 92 68 79
Hikari-shozu 100(33.7) 100(18.8) 19 88 65 98 71 89
. Chagara-wase 100(19.6) 100(11.3) 53 73 21 80 85 84
Maruba No, | 100(30.1)  100(11.3) 94 73 8l 80 20 84
Mean 100(28.3)  100(15.1) 55 81 69 89 75 84
Taisho-kintoki 160(10.2) 100(11.6) 91 82 86 82 98 67
‘Tsunetomi-nagauzura 100(15.0) . 100(14.6) 7 90 103 101 95 86
Kairyo-chunagn 100(20.5)  100(16.8) 73 78 79 103 82 115
Otebo 106(41.5)  100(36.0) 79 75 1 82 86 66 100
Mean 100€21.8)  100(19.8) 79 79 i 85 92 7 95
Notice: Figures in parentheses mean actual values, ‘The same in following Table,
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Table 4§ Ta/To ratios in Number of pods per plant (45)
To T T, Ty
Variety

1968 1969 1968 1969 1968 1969 1968 1969
Kitami-shire 100(59.8) 100(32.5) 73 61 66. 72 76 69
Karikachi 100(56.3) 100€31.3) 7 69 77 78 87 65
Kogane-jiro 100(55.2) 100(30.0) a3 58 95 82 82 67
Harosay 100{50.0)  100(28.5) 71 56 91 61 101 58
Mean 100(55.3) 100(30.6) 76 61 82 74 86 65
‘Takara-shozu 100(22.2) 100(15.3) 55 29 57 20 16 2
Hikari-shozu 100¢27.8)  100(15.8) 55 38 77 6 38 13
Chagara-wase 100(19.8)  100(12.3) 56 3 56 31 35 12
Marmba No, | 100€19.,5) 100 9.5) 81 45 41 11 23 8
Mean 100(22.3) 100€13.2) 61} 36 60 17 36 10
Taisho-kintoki 160{10.0) 160(10.1) 52 50 65 64 56 50
Tsunetomi-nagauzura 100C12.5) 100(10.0) 46 100 94 75 66 65
Kairyo-chunaga 100(11.0) 100( 9.3) 36 52 85 78 61 49
Oteho 100€20.4)  100(15.0) 70 42 90 90 71 63
Mean 100(12.5)  100(11.1) 56 59 85 78 65 57
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Table § Tn/Te ratios in Average number of sceds per pod (%)

To T, Ta T,
Variety

1968 1969 1968 1969 1968 1969 1968 1969
Kitami.shire 100(1,91)  100(1.64) 101 98 86 91 84 105
Karikachi 10002.07)  100(1.67) 107 110 90 97 84 92
Kogane-jiro 100(2.37)  100(1.59) 85 106 76 83 80 81
Harosoy 100(2.59)  100(2.25) 92 107 a9 80 80 80
Mean 100(2.24)  100(1.88) 95 104 85 87 81 88
Takara-shozu 100(6.17) 100(6.43) 116 92 86 45 68 70
Hikari-shozu 100(6.40) 100(6.08) 9 90 74 52 53 43
Chagara-wase 100(7.24) 100(6.73) 89 108 67 65 61 71
Maruba No, 1 100(7.03) 100(5.61) 100 115 88 49 54 48
Mean 100(6.71)  100(6.21) 100 101 74 53 56 59
Taisho-kintoki 100(3.08) 100(2.38) 106 118 91 108 89 118
Tsunctomi-nagauzura 100(3.20) 100(3.25) 131 84 93 99 107 106
Kairyo-chunaga 100(3.61)  100(2.84) 134 94 o1 79 113 87
Otebo 100(2.84) 100(2.80) 123 134 87 91 106 115
Mean 100(3.18) 100(2.82) 124 106 1 94 104 114

Table § T./Ta ratios in Seed weight (/100 seeds) (%)
Ty T, Ty Ty
Variety

1968 1969 1968 1969 1968 1969 1968 1969
Kitami-shiro 100(20.1) 100(22.2) 109 109 122 103 125 96
Karikachi 100(22.1) 100(25.0) 107 104 1é 105 122 100
Kogane-jiro 100017.4)  10019.4) 120 110 13 92 108 109
Harosoy 100016.5)  100(16.6) 114 114 o7 97 101 102
Mean 100€19.0) 100€20.8) 112 109 13 100 115 101
Takara-shozu 100(13.5) 100{ 9.4) 105 154 118 103 122 113
Hikari.shozu 100(13.6) 100(10.3) 106 183 118 124 119 1
Chagara-wase 100€12.0) 100 9.1) 105 171 132 133 133 144
Maruba No, | 100(14.1) 100(12.0) 103 123 118 ) 83 120 104
Mean 100(13.3) 100(10.2) 103 156 121 110 123 117
Taisho-kintoki 100(50.0) 100{48.9) 111 100 120 103 126 104
Tsunetomi-nagauzura 100(47.9) 100(39,2) 121 99 114 170 138 153
Kairyo-chunaga 100(41,2) 100(44.8) 134 96 139 113 138 154
Otebo 100(27.5) 100(24.1) 105 96 108 109 120 115
Mean 100¢41.6) 100(39.3) 119 98 121 123 132 132
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To T T T,
Variety - —

1968 1969 1968 1969 1968 1969 1968 1969
Kitami-shiro 100(22.6) 100(12.1) 87 89 69 63 ! 80 61
Karikachi 100(24.8) 100(12.3) 87 86 81 72 §9 63
Kogane-jiro 100{22.0) 100(11.1) 85 69 84 62 n 54
Harosoy 100€20.9) 100€10.6) 74 68 80 50 8l 45
Mean 100(22.6) 100(11.5) 84 74 78 63 1 57
Takara-shozu 100(20.6) 100( 8.9) 59 44 50 9 33 6
Hikari-shozu 100(23.7) 100 9.8) 56 60 68 -3 | 6
Chagara-wase 100(16.7) 100( 7.7) 54 56 53 25 29 25
Maruba No, 1 100(19.2) 100( 6.4) 83 64 . 34 19 1 5
Mean 100{20.1) 100 8.2) 63 56 52 16 24 10
Taisho.kintoki 100(12.6)  100{11.0) 74 53 79 81 62 55
Tsunctomi-nagauzura 100(18.0) 100(12.7) 87 &6 91 99 84 92
Kairyo-chunaga 100(16.6) 100{ 9.3) 70 60 92 86 61 72
Otcbo 100(14.8)  100(10.0) 87 55 84 87 89 81
Mean 100(15.5) 100(10.8) 80 65 87 89 75 75
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Table g§-(a) Analyses of variance for some characteristics of Soybean (F-value) (1968)

[

Ovutles no,

Source of variation d, f, per pod sg:lsp:ﬁ;t Seed weight Seed yield
Variety (V) 3 34,50%* n, s, 144, 94%* 7.37%%
Temperature (T) 1 48,6 1%* 2.08 3441+ 15,08
Light (L) 1 38, 43%* 5.88%* 20,27 5,01%
T L 1 n, s, 13.70%* 10, 22%* 8,17+
T V 3 9.51%% 3= 19,27%% n, s,

L Vv 3 T.12%% n, s, n, s, n, s,
T L V 3 2.98* 1.03 2.03 n, s,
Error 80 — —_ — —

Table g§-(b) Analyses of variance for some characteristics of Adzuki-bean (F-value) (1968)

oo Pods no, e .
Source of variation d, f. per plant Seed weight Secd yield
Variety (V) 3 23.60** 5.88%* 12.70%*
Temperature (T) 1 130,62+ 45,28%* 217.82%*
Light (L) 1 94, 38* u, s, 120, 90%*
T L 1 4.66% 1.82 1.45
T V 3 1.13 n, s, 5.00%
L Vv 3 7.33%* n, s, 6.,06¥
T L V 3 2.60 1, s, 1.43
Error 80 — — —_—

* and ** indicate significance at the .05 and .01 level of probability, respectively
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Summary

In order to find out the fundamental
information for the breeding of cool-weather
tolerant varieties in bean plants, soybean
(Glycine Max (L.) Merril)), azuki bean (Pha-
seolus angularis, W. F. Wight), and kidney
bean (Phaseolus vulgaris, L.) were tested
under low temperature and shading condi-
tions (see Table 1, 2.) in the phytotron of
the Tokachi Agr. Exp. Sta.

Experimental results obtiined are as

follows ;

1. In the treatment of shading under na-
tural temperature, the stems of soybean varie-
ties and “Otebo” belonging to the kidney
bean were remarkably elongated, but differ-
ences of stem length among treatments in
the other varieties of kidney bean and all
varieties of adzuki bean were not found.

2. Total number of nodes per plant were
decreased by shading under natural tempera-
ture. On the other hand, plant growth of
all species in the period of the treatment of
low temperature were fairy slow or stagnant,
but they were restored soon after treatment.

3. Differences among species of response
to treatments for seed yield and some yield
components were remarkable, In kidney
bean, decrements of seed yield due to shad.
ing were generally larger than those due
to low temperature, and it was based on
decreasing of the number of pods. In adzuki
bean, decrements of seed yield due to low
temperature were extremely larger than those
due to shading, and it was based on decreas-
ing the number of pods and the average
number of seeds per pod. In soybean, it was
found that decrements of seed yield are
slight, because it may be very tolerant to
shading.

4, There were varietal differences of
responsec to treatments. In soybean, *“Kari-
kachi” was tolerant to low temperature and
shading, “Harosoy” and “Kogane jiro” were
very weak to both factors. “Tsunetomi.naga-
uzura” in kidney bean was scarcely decreased
by either factor.

It is presumable that these varietal di-
fferences resulted from natural and artificial
selections at different locations.





