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Table 1. Initial seed weight

Seed weight
Variety (Code) _ (mg/seed)
Ave. Range

Kidney bean (Phaseolus vulgaris L.)

Fukushirokintoki (K 1) 775 660-930
Fukurytchtnaga (K 2) 718  640-800
Taishokintoki (K 3) 653 530-790
Gintebo (K 4) 387 340-440
Kotebo (K 5) 196 160-240
Soybean (Glycine mazx Merr.)
Toiku No. 179 (S1) 516 470-600
Toiku No. 180 (S2) 426 400-440
Kitamusume (S 3) 241 310-390
Koganejiro (S 4) 250  210-280
Tokei No. 421 (S5) 154 120-180
Azuki bean (Vigna angularis)
Akatsukidainagon (A1) 217 180-250
No. 2,000 (A 2) 172 160-180
Kotobukishazu (A 3) 137 120-160
Chagarawase (A 4) 111 90-120
Buchisharyakei (A 5) 63 50- 80

T, 60% HIEMA L (0)c, 5, 10, 20, 30 B H
ATV, HRER L D 5B, B IS BRI ouTTFEY
ST HTE (80°C, 48 B¥IRzlE) & X O ZEMR %
B Ut i, K OW TR TFEOER S HIE Lz,

#iEOHETE L BEICHEAETOINE
(10 mg BAfT) ZHIE L TRDI, T, BT O—# (200
k) % 80°C T 72 GRIREAR L iR L Ry, FHET
BEOF»LPHRETEYEY BH L,

BREKUER
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TFHEOK LS VPIFEE GER), B/MRR (E) 1110
HECIFETIE s EELTO,

—J, KECH&GHEE SHFH 0P E ¥ C—ER
PHB S h B2, FOREHOMAEE LD, 10~
200 B ¥ CoBABRELDTHRV, BFEOKEL
3T FOEIOBBRAT TFEIIZLAEBE
Lren’, FEO/P S0 2 R 30 B B ¥ CFENEE

Fox) KIDNEY BEAN

6001

4901

(mg/seed)

200}

1 M B P 20N
0 10 20 30 40

AOOL

200+

Dry weight of seed (cotyledon)

.
0
200 Al .BEAI
R
P A3 (10)
AS x: ; 13
ok 1 IR |
[ 0] 20 30 )

Days after sowing

Decreasing patterns of seed (cotyledon)
dry weight during the pre-emergence
and early post-emergence period.

Fig. 1.

Note. ( ): the days after emergence.
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Table 2. Consumption attributes of reserve food (dry matter) and seedling
performance during the period from sowing to the 10 days after
emergence

Sg:étiﬂy (ﬁonsumed Decreasing Con’su.med . Seedling —— Economic
Crop/Variety weight y matter rat;eee%er fﬁ;X) ngrght leaf area ratio
(A) i D) (C/B)
. (mg/seed) (mg/seed) (mg/day) (%) (mg/pl.)  (cm?¥/pl.)
Kidney bean
Fukushirokintoki 707 646 29 91.3 903 118 14
Fukurytchtinaga 657 625 28 95.1 958 128 1.5
Taishokintoki 593 559 25 94.5 841 112 1.5
Gintebd 353 330 16 93.6 483 53 1.5
Kotebo 180 180 9 100.0 267 34 1.5
Average 498 468 21 94.9 690 89 1.5
Significance — *x *k Kk ok ok ns
7 — 0.999%* 0.999** ns 0.988** 0.978** ns
Soybean
Toiku No. 179 479 323 15 67.5 381 48 1.2
Toiku No. 180 395 273 12 69.1 355 47 1.3
Kitamusume 317 225 10 71.0 297 38 1.3
Koganejiro 233 169 8 72.5 237 30 14
Tokei No. 421 144 100 5 69.4 164 18 1.6
Average 313 212 10 69.9 287 36 1.4
Significance — ok *ok * *ok ok *
r — 0.999%* 0.997%* ns 0.990** 0.973*  —0.946%
Azuki bean
Akatsukidainagon 191 172 7 89.9 158 24 0.9
No. 2,000 157 144 6 915 143 22 10
Kotobukishazu 124 118 5 95.2 93 13 0.8
Chagarawase 101 98 4 _ 967 96 14 1.0
Buchisharytkei 58 58 2 100.0 51 8 0.9
Average 126 118 5 94.6 108 16 0.9
Significance — *k ok e ok ** ns
r — 0.999** 0.993** —0.994%* 0.976*%* 0.961%* ns
Note. A: values dried at 80°C for 72 hr.. C and D: values at the days after emergence.

r:

the correlation coefficient with the initial seed dry weight.

Statistical significance is indicated as follows: *=0.05, **=0.01, ns=Not significant.
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Fig. 2. Changes of seedling dry weight (A) and
its relationship with the initial seed dry
weight (B) during the period from 10 to
30 days after emergence.

Note. ( ): the days after emergence.
Symbols are the same as those in Fig. 1.

10-20 days after emergence

0.2 o °° O'ZL o oo
= 0a 03
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= o o
0.4 ° o oapo °
=
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e}
L e
0.2 i* 0.2 o ®
] .
] .
X x
J“ r=0.987%% . Xy K re0.077
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Fig. 3. Growth rate as related to mean leaf
area and net assimilation rate (NAR)
during the early vegetative stage.

Note. O : kidney bean, @ : soybean,
X : azuki bean.
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Fig. 4. Relation between leaf area and dry
weight of seedling during the early
vegetative stage (10 to 30 days after
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emergence). -
Note. O : kidney bean, @ : soybean, 0y, {ERIZERIVThOBE L 5% KETHFETH
X : azuki bean, oite Lo, HEEHSAERBEAL, HNEERER
Table 3. Growth parameters {growth rate (GR), mean leaf area (MLA),
net assimilation rate (NAR), relative growth rate (RGR), relative
leaf growth rate (RLGR), distribution ratio of dry matter to leaf
(DL), specific leaf area (SLA)} and its relationship with the initial
seed dry weight during the early vegetative stage
Period (days after emergence)
Parameter Crop

10-20 days

20-30 days

R (g/pl./day)

MLA (cm?/pl.)

NAR (g/m?/day)

RGR (g/g/day)

RLGR (cm?/cm?/day)

DL (%)

SLA {cm?g)

Kidney bean

Soybean

Azuki bean
Kidney bean

Soybean

Azuki bean

0.147%* (0.981%%)
0.061%* (0.999%%)
0.023%* (0.947%¥)
161%* (0.985%+)
68%* (0.991%*)
26%% (0.975%%)

0.347%* (0.982%*)
0.171** (0.906%)
0.049%* (0.981**)
A77** (0.996%*)
208** (0.959%*)
70** (0.9817%*)

Kidney bean
Soybean
Azuki bean
Kidney bean
Soybean
Azuki bean
Kidney bean
Soybean
Azuki bean
Kidney bean
Soybean
Azuki bean
Kidney bean
Soybean
Azuki bean

9.00* 7.39 ns
9.17 ns 8.59%* (—0.900%)
8.63 ns 7.08 ns
0.111* 0.099** (—0.909%*)
0.096 ns 0.101 ns
0.110 ns 0.090 ns
0.113** 0.112 ns
0.114 ns 0.110 ns
0.093 ns 0.112 ns
65.6 ns 61.4 ns
62.6* 48.7 ns
71.4%* 65.5%
200%* 228*
225%* 247*%
182%,(—0.967**) 204*

Note.

All the values are the average of five varieties.
varietal differences (*=0.05, **=0.01, ns=Not significant).

The stars and ns are the significance of
Values in parentheses are the

correlation coefficients with the initial seed dry weight.
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Table 4.

Effects of the initial seed dry weight on area of cotyledon (CA),

specific cotyledon area (SCA) and net assimilation rate (NAR)
during the early vegetative stage (10 to 30 days after emergence)

in soybean

CA (cm?/pl.)

SCA (cm?/g)

NAR (g/m?/day)

Variety —
10 days 20 days 10 days 20 days 10-20 days  20-30 days

Toiku No. 179 7.8 7.1 51 57 8.89 6.95
Toiku No. 180 6.2 6.1 51 67 8.94 8.43
Kitamusume 57 5.7 62 67 8.36 3.36
Koganejiro 5.3 5.0 84 84 110.04 9.78
Tokel No. 421 5.0 4.8 115 107 9.63 9.44
Significance ok *k ok *k ns *k

r 0.928* 0.852 —0.940** —0.949** —0.620 —0.900*
Note. 7: the correlation coefficient with the initial seed dry weight.

Statistical significance is indicated as follows: *=0.05, **=0.01, ns=Not significant.
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Bt X Bl B EIHHAIET €, XHOFIME LR
RV TREETT - 7.

& KUHE

KT 2T, -FIFRIE (FIRED) % L0 Harosoy
(EIRE), NFL oW T, SN (FRAE), FI3E 15 (i
) 3 L OE/ING. (M, ), FEReowTi, KIEE
& (BN, TIEE SR CREN), BRATF T (SR,
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FHEFECOWTHE~NS &, FF4 RO xEEH
75 W0 Mk ERE, FREMEL, HEE R TUKS D
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HREELUEER

1. EHEEOREMN (FHHER
Fig. 5 1k, HEMERAN (KF—8H 228, HhE—8
F 20\, 3#¥E—8 A 2 ) wisid B O ME A (3
HREE) 2R L b DTH B, KFIEDWTHhDS &, T
RIE BRE) 1, RERCEROENINH D, TWITRE
KRB LI » THI T A = A E 2R3, &R
# Harosoy &, BAIEEIL-HHRAE L R 50~60 cm
Biedb, 20~60cm OFIOMHEA T, FERFE/THL
BRSSCMA LT B 00, RERcERERTS
A RL, FoRGE=aBc iy, MafEsd
BT, THEOREC L - CEIFEAEMMLT
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Fig. 5. Vertical distribution of leaf area at the topmost-leaf-expanding stage.

Wigl, FRlRERL EEEOZRX IS TCHDLRT
WHEDHHETH %, V
INTOTEFHEEL, BEC XD RELRSTVS, T
b, EANELTIE 20~30 cm WiRKIEBRH 0, L -
TR EEOH Mz i {lssn, FHELISIEERE
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ENTHD, KE2RELEmEREcLi, ¥ +F
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HEREE R TR R L, Ched LT, BRX
FraPBoRAER S Y, k- TR Lien
o> THEOHMIA I I B, RkE - THEEHR L, 3
A B RS LTk b, LTORS
AV, Ffe, BT X > TR S h TR b, &

R EcTRBeF L THHLTVW5, KiEiz25m

OIREXER Uicted, EREERES T ATHRLO
THBHH, EORHRITBCEL LB isiEdinl
%5, BEBCEEENELDHF LT 5D, 256m
PR L EERRRTH IR T o ThieZ &
L5,

REEEMENc ST 2EFREYF 1R EofED D
O KERSIVINE—8H2H, FT—THS8H) LHK
LT&x5E, H1EATE —RcEtirTnE &

INEL, BB AFT, KE) B, o sde R
IED T B AR B, TR 3305 4
OIS FoBE, ST R & BRIELI L v,
2. EHOESEZDEHE

Fig. 6 13, KH 2 REOFER IVCEIHEERY
RLIC VRSB 31T HEROESE, BRICmR L
LbDTH5,
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Fig. 6. Arrangement of petioles on main stem
and a vigorous primary branch.

Note. The petiole length is indicated by the
same scale in plant height. MS: main
stem, PB: primary branch, P: primary

leaf node, Number : leaf position.
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B, — R FREIO S DA VPEL, EMEiOL DI E
KEL e AERMIRDLN B, FAERHRIHMEOLE
WOFZ s LT 2n &, 8 A 2 H O, I ENE LR
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Harosoy i3, ZXEW T OBOHRIADLR DL D
D, FEROEINL 8 A 2 H LMk EE R LI,
RS DAL, POREMBET OWT B IRIEFRBRCTE
Hhnt, '

P EOERMSBE 7 X5 i, KEOEROEIL,
BB X D ET R DD, B L ERERA
& DM I —E OGRS FEET S 2 b b, ©
ZCEIEY, SR BV RO RERIALE &, BER

iR & OBRGREW L AT A, BEERBHOR
Blede, KERER 8 e >\ T, FEIE#EE 10
cm 2 &R L, FOIEROHA ORFEfin b OHE)
DR A A Fig. 7 @R Uiz,

R 2T hB &, BRI~ A 7 AOHiRE L RT
HO (oM EDBHHD) b +90° HIRTH O (TEAL D
D) ET, HARBAAEY L0 ORSML T B23,
BAOBAFE S —EDOHITIRRD B ND, Tk
b, KETREE, e TR Mg
W DHRELHAML, EBEEHBAOKEWLDNE
I BBEAAED BN, ZOfFk s e HBHRETH
ETHD, COLO Y RTRE T, B LR
WeeE T vz X5, —7, NEOENE, M
LT, BIVHEIZOFEALK, BHRXFTLOL4H
Tlt, K EHOFREBED SR, TR SEA/mD
KEWKOMNEL LD, L, BEBEOKXVE/)
FRURAFTTE THE (V1 7 AH) 2RTHON
£EBEHHLCHBR, TREE LA ELRTLONS
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Angle of petiole inclination (degree)

Fig. 7.
at each layer.
Note.

All petioles showed downward inclination are contained between 0° and —10°.

Frequency distribution of angles (angle of elevation) of petiole inclination

Arrows

or values in parentheses indicate the average values at each layer.
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T, BT TR b 30°~40° o §5 B I b 3. WREERESLOEERREORE
D, ZOSAMOR L E CHENELL T\, Bl Fig. 8 &M OERE LHERKRLZRLEDDTH

RERORT L 0w, FRERAOSMORIIEY, %o RTRIAERPMOBRS AR L, BEL
B L ORE AL LTV B2, COHAMEHE & TR b O 1 B B OREER S L S ELo T,

Fig. 5 iR L IcEEBEHESS & oM i B8 1o B AL 5 oAt RS L OEERER O & oIGEFRIEL, VWTTh
2B DRI TS IR L TR v, Table 5 WOiRY
[ SOVBEAN ] { Azuel BEAN 1

Harasoy
Takarashtzu Maruha No. V Tsurushdzu

Tokachinagaha

o—o0 : Main stem
*-ng ¢ Primary branch
on primary leaf node
0F a.oa 1 Primary branch
on 1st leaf node
P : Primary leaf
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o Tokachi~ KairyG-otebd
& shirokintoki
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Taisho-
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Fig. 8. Length of petiole and leaf area of a compound leaf of each node on main
stem and some vigorous primary branches.

Table 5. Correlation coefficients between length of petiole and leaf
area of a compound leaf

- econdar
Variety ‘Min:tem li’gr?éire}; Sbrac;?c%esy
-t (o) )
Soybean
Tokachinagaha 0154 (7 0.690%%* (31) 0.892%%% (23)
Harosoy 0.873%** (13) 0.783*+* (61) 0.793%+* (18)
Azuki bean
Takarashozu 0.877**+* (11) 0.670%** (42) _
Maruha No. 1 0.888%%* (10) 0.715%*% (49) —
Tsurushozu 0.283 (9 0.678%*+* (42) —
Kidney bean
Taishoshirokintoki 0.840 (4 0252  ( 8) 0.994%%  ( 4)
Tokachishirokintoki 0531 (11) 0.719%%% (27) 0782 (6
Kairyo-otebo . 0.922%%* (10) 0.757F%* (34) 0.614%%* (26)
Ofuku ‘ 0.874%%* (10) 0.798%** (76)

Note. **: 1% ; ***: 0.1% level of significance.
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B LEVIEOHBIBIRY AT D, WAEDOKML L DL
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BEETIIEMED L DI EREL RBERIAD LR
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e a O o CHIESHE TR L, WERRHES
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REAT 1971 4E 35 X OY 1972 SR L HEE A S 2E 500 R
BRCIT o T, 1971 FECXKE, T D2WTITY, K
FeiHERE (BRE) 3 XU Harosoy (ERE)) o 2

il EDEOWCIRIEA SR (B), THBLR: (L
2i), BRATFT GERE, #i) s I UKRE R,
) o4 BELERL, WTh 5 B19AIEE L.,
iﬁ;1wm$§mmwﬁmoufﬁuw$%¥$ (R4),
FANE (), BERNE (M), MEEL1S (k) ¥
XM§(¢$,%ﬁ)kxo§¢ﬂw%$,§&)@6m
a5 A 24 QB L, SR, IR, REEE
B IOHAEHESIEE LR VR O, £, £EKED
B TH D, FHHERIZEER 60 cm, £ER 45 cm (3,704
fE4/10 a) THRERERS 2 3%, % 2 BB LA T &
L7e, MfEEL, 10 7 -3 ) N4kg (KEHi3 3kg),
P05 8 kg, KoO W0kg DEATLBHRIBELCHAL
o RERZREEL, AV 7 Y v 7 HE LT 6~
8D T T my FRRT I, ak, KBICOW TR 25 m
BT HR L,

Z RS DRFHT oW, HZFHE 2 BRIEIRR T 6~8 [
BRRERT, FE SHNCHEHEYES L UER
HAHE L, BEHECOWTHRNS &, 34, 4K X
b 10 B OV TEER, FEHE S I OSEE 1K
THREBEZEEL LIRS L L) 2HEL, 2D
5 BT 5 B (2 )BT 10 %) IR b, £X,
SEACEY, E ERYET), ¥R Besid, 80°C
T A8 BT IR B R L, W0 & i
Tl ot BITHEOEFFRE 30 cmx20 cm DA X
FHE20cm T TR L, KR, BHERZREL
oo ¥l HRER L OREWL 1AL F2EfkoR
EAE (BDEFNEREC L) LESEYE LA E
L, HEEmR (cm¥g) *EM LI, ok, &EY, F8E
O BT D EEENL, WIERR & PSR E L O
B L afEx v, 3, SREICBV iR R
(NAR) B XOMx4EREER (RGR) i3 WATSON k-
CORENA mwbEH U,

HRBRUER

1. HESEOHELETER

1971 7 Ah R —RaERcatbhiz b ©
D, #IEY, BEOLETITEE L ¥ b CERCH
B L, Table 6 iR LA L5, KB, FECITE
£, FEHE LOC—ROSBET TR ERA SR
EREL, EXARFEITTREERIL 20 em~4 m, EXH
Burs~24ffichbich, BHOBERL EhdTRkE, -
Too NELTEL, BHESEYERC 4 FEOMTRARE
L ERIZEV NIV OREERTH D, T, EAED
Y LESKRME L, FEEMEL DL, —kyEES
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Table 6. Some characteristics of the varieties at the full leaf expanding
stage under the low population density (60 cmx45 cm, singling)
No. of . First ]
Variet Code Earliness 13:161?1] node on I:Io. of branch flower- M‘.lt“f'
anety number and/or type eng main Pri- Secon- ing Jlt}
) (cm)  stem mary dary stage ate
Soybean (Glycine max Merr.)
Tokachinagaha S-1  Determinate 45.3 14.9 89 91 July 23 Oct. 8
Harosoy S-N  Indeterminate 84.8 221 12.1 9.1 July 15 Oct. 9
Kidney bean (Phaseolus vulgaris L.)
Taishoshirokintoki K~1  Determinate, dwarf 20.2 5.0 4.6 28 July 7 Sept. 1
- Tokachishirokintoki K~I  Determinate, bush 93.9 13.6 5.6 3.6 July 10 Sept. 7
Kairys-otebo K-II lnsierf;rmlnate, short 1847 221 79 46  July 9 Sept. 15
Ofuku K-IV  Indeterminate, viny 394.4 23.7 8.2 3.3 July 14 Sept. 20
. Azuki bean (Vigna angularis)
Chagarawase A-1 Early 30.0 15.5 7.0 0 July 23 Sept, 13
Takarashozu A-T  Medium 34,5 16.2 73 0 July 26 Sept. 20
Akatsukidainagon  A-Il  Late 37.0 17.3 8.8 0 July 28 Oct. 15
Maruha No. 1 A-IV  Late 39.4 16.9 69 0 July 28 Sept. 30
Koganedainagon A-V  Medium, viny 61.6 10.5 9.5 0 July 26 Oct. 8
Tsurushézu A-VI Late, viny 86.4 15.1 8.4 0 July 29 Oct. 4
Y 7o ToBhH, Shid, FEICI3E 2RO soveem (1971) A
EHELLC L LD, £IEY, BEOLEERL BRX 1“'m%
. . . ®:5-
FTEH Lo ThIBEERG L OBEMI <, 12 i
N . 3 First
(B T IR TR L, Ao
2. BMBEOES T
Fig. 9 i3, ZE EMNEEL) b P HELHED
HBERLIbOThHS, ARCHL 2R S, X3 3 L o .
EHER A L SRTEE R, bk SERZEL Bl M Ty b g U sept.
h, FOEIFHEFRICHFCHIEE 750, —H ol KIDNEY BEAN (1971)
K, FT R, N T R £ 0 A
BAERRR U, EERMESARRCET 2RI, K 3 e K
H, ANE GRS S VT ho R 3E S st s
AFRCEK &7 o 709t 30 GRS BN C ok o
HOSRR B ERATD b, i, EE, KT €
T~ RS TRTER, BEEAHINR <,
o p— N ’ T July { Au f Sept T
EEHMAEN O TH S, z K '
BRI BIE L ROBMTELE, (4, AfiTid Rt ek (15723
irs
B LTZR 5 EIZE LA (X/ﬁ:l.OSiO.lG) VAT hs - flowering e
1ot FEAOMS TR ET IR LI, R =
Edb o TR L T b, FibEp»EOEREbR i
HEIGRATORR LR E v, & ePHEROER g
T, KERLNTC LT COEA~DEY T EL
g?ﬁ;%ﬁ‘oﬁie Date
WEEEMTIT, %L VThoREd iz 7= Fig. 9. Seasonal changes of dry matter weight
. — s under the low population density (60
1 FEOEBY R Lk, AR TE, HRICRE 5 em sl
AT, RO SR X R D RERE TN Note. : leaf+stem+petiole, -+ : pod+seed.

RTAY, WMAMEE & fe BB b R,

Code numbers in figures are illustrated in Table 6.
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Table 7. Varietal differences in the distribution ratio of dry matter to
vegetative and to reproductive portions during the overlapping
period of vegetative and reproductive growth

Distribution ratio (%)
Variety

L+St+Pe Se+Po L+St+Pe Se+Po

Soybean (Period) (Aug. 5-Aug. 18) (Aug. 19-Sept. 1)
Tokachinagaha 85 (33.1) 8 (2.9) 35 (18.8) 62 (33.7)
Harosoy 85 (43.0) 7 (3.4) 50 (30.1) 48 (28.9)

Kidney bean  (Period) (July 15-July 28) {July 29-Aug. 11)
Taishoshirokintoki 50 ( 9.9) 6 (9.1) 10 ( 2.3) 88 (20.8)
Tokachishirokintoki 73 (19.5) 25 (6.9) 6 ( 2.4) 93 (36.7)
Kairyo-stebe 97 (25.6) 1(0.2) 54 (19.3) 44 (15.7)
Ofuku 98 (38.1) — (0 ) 75 (47.3) 24 (14.9)

Azuki bean (Period) (Aug. 3-Aug. 17) (Aug. 18-Aug. 30}
Chagarawase 55 ( 6.8) 8 (4.7) 26 ( 6.6) 68 (17.1)
Takarashdzu 70 (12.6) 22 (4.0) 34 (15.9) 64 (30.4)
Akatsukidainagon 85 (21.5) 8 (2.0) 45 (18.0) 49 (19.5)
Maruha No. 1 88 (17.7) 3(0.7) 50 (17.5) 43 (15.1)
Koganedainagon 78 (27.9) 17 (6.0) 37 (10.4) 60 (16.8)
Tsurushozu 74 (20.9) 20 (5.6) 47 (20.2) 48 (20.5)

'Note. L =leaf, St=stem, Pe =petiole, Se=seed, Po=pod.
Values in parentheses are the increased dry matter weight (g/pl.) during the experimental

period.
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Fig. 10. Changes of the main stem ratio (main

stem dry wt./main stem+branches dry

wt.) in leaf+stem and pod+seed.

Note. Code numbers in figures are illustrated in
Table 6.
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Fig. 11. Time trend of three growth parameters (crop growth rate per plant, leaf area per plant, net

assimilation rate) in three crops under the low population density (60 cm X 45 cm, singling).

Note.

Code numbers in figures are illustrated in Table 6,
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Table 8. Yield and yield components
Dry seed No. of No. of 1000 seed  Seed/ Seed/ No. of
Variety yield pod per seed per weight Max. LA seed-+pod pod
(gpl)  Plant  pod () (gm?) ()  Permode
Soybean
Tokachinagaha 65.8 168.6 2.3 185 111 67 2.21
Harosoy 82.6 220.1 25 153 90 71 212
Kidney bean
Taishoshirokintoki 274 18.2 3.3 461 108 72 0.95
Tokachishirokintoki 36.6 20.2 3.8 484 71 76 0.44
Kairys-6tebo 50.6 58.2 4.0 216 72 73 0.65
Ofuku 54.6 26.3 4.1 503 44 73 0.23
Azuki bean
Chagarawase 31.8 53.4 5.5 108 102 83 1.67
Takarashozu 58.6 78.6 75 100 123 83 1.33
Akatsukidainagon 74.4 80.2 6.1 153 121 84 1.04
Maruha No. 1 64.2 71.6 7.5 119 110 82 1.21
Koganedainagon 60.8 75.4 5.1 159 89 84 1.00
Tsurushézu 69.5 81.2 7.5 114 111 84 1.26
L REEDENET T 200 TH 5,
" e Ve WD L fe & 51c, TSR & AR RO DHER)
El g S0 * o P M2 <, & ORICABR SRk & 5 SEREEEN
s ; o W 72508 HCER TR, OB R 5 ERELG
3 - 4-0{ o // 10 SR AR SRR AR L < e <
s e (Fig. 9, Fig. 11), BTEAH 4 BRI/ S hreety ok
: Growth period (days) No. of node per plan: F (15~8%) NEEDEEBL S VAT LR T 3
W ] m/ tez i L /,(H (Table 7),
§ ol 5% . ijw HEL, BAMCRAEIC CARTE @8) LAy

Max, LA (mipl} No. of pod per plant

Fig. 12. Relations between dry seed yield and
growth period, no. of node, maximum
leaf area, and no. of pod.

Note. X : Soybean. O : Azuki bean @ : Kidney

bean.

Code numbers in figures are illustrated
in Table 6.

**: significant at 1% level.
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it R ORHEESECET AR 121

Db, FEHICOVTHE LT &, KB L OVNE T
3, R ERZS R LD, WTFhofED 10%
DTFTH 1o, G T RIEA4E 18%, THFEER
46%, BRKFL 24%, K 37% <, BRIMEPOE K
PAEEGROE TR ELFEL TN BT EATEIN
7o, Fig. 11 bW LAl X ok, BREEFEOKEW
EIRT R, FOBOIEORN LN Y HBFE L, HMEME
L4 BEHE D ABCET LUk b, RARERRKCH
+5 FHREZE ERAHE 4EMC B3 s EIE OB
B Lo, r=-0951* D G0N E D b i,
¥E ISR LRI L, FEERCERDO—
ERHIsRa B bR, & OEsLIECIZHECHRE LT
TRENOEAIYEE S 2 LAYER STV 5380, ¥
o, DHTEACHALIS IR IR L, SREFEERIET
BT EDEE XN TR O, SRR SRS
F{EROIE T 2%, FERoERNFIREO B
I AOLE LB LB DEHZ LB, TDT EMN
T DIeD - T B LD EHEI I,

—F, INEIL, KRB LR, FEHROHE
MREEAI PR D 3, TEORE, KEEHELR LA
LA, AEROERELE L THBE BT SEC L
D THE LT i, SO EDD, NERERTAEEND
[HERER, A SR AEA R E V2 B,

oEh, K, NELY, EElS, AHOC s
I HIEFR O EEN Ebw CEE T, FRERSET
gL, ABFHHELRCONEHTH S, HRERTE
T 1 B RER BRI L CL5 &, K
TRNE TRIEEERNET T8 ATHLL I AR
TOFEEGE L, WHEH D 55~227 W B E T, LI
119 ALKk s BRE oA RTRET 5 EIG 0
B, BEFS 3, JbHRE TR STV AT EERD
5 B TR, PEIRGEEECKT S ERHLCLS
2%, ZOREO—, Tl Lok & bR B L
TWBE D EF L BT,

i ] L3

KT, N, oW, AR A R+ A5y
A Fiediis L, AL LTRSS A BT 5%
A s T S O B MR o TR, BRE L,

1. EIEE AR & b BITERE 5 & BRI
WA T RRERE AL T D, KT, 3T T AERR
GEESS, NE I E R ESER R ER Y R L, T,
HREEMEARFOGET HIRSHKE, NE TR
EHNE D 5T, L TILERE G BN A

BED LRI,

2. E~OEMWIERE, KW SEEDAFWH
CRELE <, AHIE SR> TEIRT 50, &<l
EFEOEBRAETIRT, NHChECEETR L,

3. NFEE SRR R OBHENIH (PATEM~2EER
WEECR) v, A1 &b HRIR L, 30~40 B
bled M, oM isit 5 EEAOTWIHFERITERE
CHAERER EARE L, FEANOEYITERI I LM
O TR L 2,

4. EERIVHEERHEOTEES L, KE, ¥H
TIAFEIZESYV N Z b 5 Fe2d, AN TS, i TN
H<, ROTHAERE, BRSO/ NEL Ry, E
e L CAEHEORER, Tt kit oaie Ik
ML Cuie,

5. FFMLER B3 2 HB O, Rk X<
AR R Uiz, £, SHRRESEL, WY K5)
3 LOFEIEATY (NE) w—E iR e 23 5
THMENRD LR, T, ¥E CRABBEREHT
W, MFEMEER EIEADEHHER & OMICAE Tt
ﬁh:&%l@ﬁ@ﬁ@ﬁ%@%hkﬁﬁ,%EK%V{
b HERMMATINC SRR & T 0 KEG I 5
K UREMBLER & ORI, TR Fh r=0.834% s X 8 r=
0.952*F OHIBEN RS & iz,

6. B ) FHINE L AEFHR, BERE L OR
RIFHRL & OBz, WIER LB AL OBMEY R S
i Lin L, BEH CRIABEIEC B KT O & & 4R
B8 SRR T3 FEEYESMET Ui,

FAE BEEKHTCHI28EE
Pt BRI

HIFETE, BHhE L TAIBACRIT5EES L
BUE TBVIREASYE & OMEBER o Tlh <, RET
vk, GRS R~ EREER AT X e A sl
SRR DI E A RET) & DBIRC D\ CHEHT U ok R
BHETS,

e, BEMLRETCRE SRS LixdhT,
—f AR S L OB S B, FIBThik~k
X o, HESHET CiMBGRICH VS E TS T
b, TOEENIIZHESREYELGTAERORTIC Y »
THRESHMMEINBE), L, KT, INH, ¥Y
DRERRIT, ROIEWY S ORETHEHE S R, S8
RBEERE IR TWB T &b, B COEEMNL,
A R EHEW I S kb, AR S R B
LDEBELZLND,



122 LB KRN RE Hl4E H2F

F T, AETI, 5EMEOBEGECRE LicEs
BT B AR OEWE, FEH, THRBOWERISHE
ARSI T S EE b, BEEMTE BT 2%YEE
HEEPEL L5 & L

HEE KUHE

RENI, EHEOWTIL 19724, KE, NEEOWT
19T R T oo, HbESRMF B I ORAEBEIBEL
EWROEEHELRRATH S,

PR & UG KB T HREE (IREY), Harosoy
(), NECE/E (hag), BERME 4,
TIRIESHS (M), THF A &R (&) 2BV, K5,
A5 18 H, ¥ETiX58 23 HicifE Lic, Rims
B3 Table 9 w3 X5k, m2 Y470 4.0, 8.2, 16.0,
25.0, 44.4 (8RO 5 BIETH 5, B, EERgE
DELCAELS L5 RIEABHZ & L, B 2~3 i
&, HEFH 2 BMB W 1A T & Ui, MiBEE, 10 7 —
T D A 25 ke, SBEMAAGIK A0 kg, BilES U 20kg,
=27 ) v 15kg OEG CHENICSEE BB L,
TERAAY, KL, 2RET, #REXRCY7Y v
THELTC8 DDV T ry F BT, FRWELE D
WRGMTRB L6, TR, 4@AYY V27 -
XAEMAKET -1 (b 10 mm BE),
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Table 8. Population densities

Density No. of ] Plant . Field area
code plant spacing per plant

per m? (cm) (cm?)

A 4.0 50 2,500

B 8.2 35 1,225

C 16.0 25 625

D 25.0 20 400

E 44.4 15 225

Note. *: equidistant square pattern and singl-
ing.
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Fig. 13. Changes of total dry weight at five
population densities during growing
season,
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Fig. 14. Effect of population density on total
dry weight per plant.
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Fig. 15. Differences of dry matter accumulation
between main stem and branch at five
population densities.

Note. M: main stem, Br: branch, V: vegetative
parts, R: reproductive parts {pod-+seed).
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Fig. 16. Effect of population density on branch-
main stem ratio (%) of top dry weight
(Sept. 14).
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Fig. 18. Relations between leaf area index and
relative light intensity at the soil sur-
face in the canopies.

Note. Numbers in parentheses are the regression

values (Kj).
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Fig. 19. Vertical distribution of leaf area and stem structure for soybean plant at

various population densities at the full stem-length stage (Tokachinagaha:

Aug. 8, Harosoy: Aug. 31).
Note.

wBWTE L, LAL ofinc & L7t- T NAR HER
CETLRERE LT3, Fig. 20 bk k5T,
KRl Th, LAT o#inc & $7% 5 NAR ofk
T, LAI 2303 fhEn bbb s idh, Kok
\» Harosoy Ci%, LAI 730.06~0.58 (6 A 23 H~7 B
6 H) o#fiflics\CE 2%, LAI & NAR L oficix
VA DOHEE (r=—0.813) 5 b h, BEf OREE, LAL
PIE03 ML 72 & 08 NAR METF LIAH B Z &
LN (W

2D X HE, KE TR, EoMIEkT X3 NAR ©
BTk, LAL ZhD TRV EENGIRE 5 7m0,

B
[T

The density code is indicated in Table 9.

CGR 1z, MIFRMWAOPBEDTATHRZ A0S LAL O
WINT &% o o TR AT LIRS B, LA L,
T DHDOEBRIC 33 T, Harosoy Ti3/pgH™
DM LA Bk COR 4 15F LAL 8w b h
o, -FBRIECIL, stage V kBT D L 5 T
LAL 23 Lig\ 3D, stage LI i@ 6\ T ik, SHIBLES
B O & FRRATMER R & 7 b, LAL BRI
O CGR-LAI xRz, &l EFRc X vE
LR o, L LA s, NAR-LAL OBFz, T
BIED stage V R &, WTFho stage wi\ T
EITEFRHERERZ R+ &b, CGR pigEk & 7t
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Fig. 20. Relation between leaf area index and
crop growth rate and net assimilation
rate.

Note. II: July 7-July 20, I1I: July 21-Aug. 3,
IV: Aug. 4-Aug. 17, V: Aug. 18-Aug. 31

5 LAIBSEEFET 5 b0 & 5E LT, WATSON DD

Vo X DB ERER (LALops.) 36 X OV A {BAEEE E

MEE (CGRmax.) ZEH L, Table 10 wiRL iz,
KPS XK, LAIopt. Dy, £BC b

> Tk EL BN Eb b5, HERERAMTED
LATopt. 1%, /N B™ A Licfl (4.7~5.3) & Mol
LTk, HBEFETH 6, Harosoy T45~500
HHIZH -7, Lnl, ChHOfEIL, WFhd 95% o
HaBITT 5 LAT Off 3~4) X hrinhkE VT &t
ER SR, o oFEE, EORGEES CTRED
BIE(LS ) S LT v B ki, i,
stage I[ R < %4 stage Dffly, TFhd K o
BV BREETKE W 2D, LAlyp:. DORFEER
3, TRz I B D EFZLDR D, —H,
CGRmax. D%, LALops. EMFEAEFTC E b o TR E
< Te BEFAAED B, HBHRIE TR stage IV, Haro-
soy T stage V Tk E7s %73, stage [V 2 &
Wb Harosoy 23EDs -7,

HUED X3, LAlops. 3 X0 CGRmax. DfEIL, &
BRAEBRHc X 9 VEH T2 BB
LALops. 35 20 CGRmax, FIE - (g0 B a—tf’” n
LWL DS X i, BORERES X OAR, MK, ok
ERECL > TEAShED, ARBRTIL WEEAHE
& ORCHROSEBEGARED LRl izdy, NAR (&
HEERS B HBEOEELEL, XAREN 000
HBE LI b I T &b, ARBHEDZ T LAlopt.,
CORmax. DEOFERYMH T L IEETHD LT
T, FEHERRIL L A RE RS E (PAR) & CGR
L DBERD L X SR AR RT,

6. CGR LAEBHBIHHBH LB RNE—

HEMEEDELOBER

WILLIAMS H12D 43, bty er a2y, CGR &

WEPRIL L7 PAR L Oflcit, »oEEPICEE

Table 10. Optimum LAI and maximum CGR at various growth stages
Max.
Opt. Mean Mean solar
Stage Period Var. 7 CERU?;)O:H;)?X§?1) LAI <gCG}§) temp. radiation
(m2/m?) day (°C) (cal/cm?/day)
July 7- T  —0991% Y=-202X24 896X 2.22 9.93
I 20.3 404
July 20 H  —0.956* Y=—-263X24+11.85X 2.26 13.37
July 21- T —0975%* Y=-117X2+ 824X 3.63 14.53
i 225 356
Aug. 3 H —0975%* Y=-159X2+10.02X 3.15 15.77
Aug. 4~ T —0992% Y=—0.81X2+4 964X 5.99 28,85
v . 25.3 391
Aug. 17 H  —0.920* Y=-092X2+ 837X 4.54 19.00
Aug. 18- T —0.651 Y=-035X2+ 424X 6.13 12.99
v 214 299
Aug. 31 H —0.872 Y=-0.83X24+ 828X 4.92 20.59
Note. T : Tokachinagaha, H: Harosoy, r: correlation coefficient between NAR and LAI.

*: 5% ; **: 1% level of significance.
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Fig. 21. Relation between photosynthetically-

active radiation (PAR) intercepted
and crop growth rate.

Note. Roman numbers are the same as those
in Fig. 20. I: June 23-July 6.
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Fig. 22. Changes with time in the efficiency
of dry matter accumulation per unit
PAR intercepted (Epar=CGR/PAR
intercepted, dry weight mg/kcal.).
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Table 11. Correlation coefficients between
LAlopr., CGRmax. and Epar
(stagre II, III and IV, n=6)

Simple correlation coefficient

LATops.~CGRmax.  0.958**
LATopt.—Epar 0.942%*
CGRmax.~Lpar 0.996**

Partial correlation coefficient

LAIopt,~CGRmax. : Erar 0.675
LAlops.—Epar : CGRmax, —0.490
CGRmax_—EPAR M LAIopL. 0971**

Note. **: 1% level of significance.
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Fig. 23. Changes of total dry weight at five
population densities during growing
season.
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Fig. 25. Changes with time in growth parameters (CGR, LAI and NAR) at

five population densities.
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Fig. 26. Relation between leaf area index
and relative light intensity at the
bottom of the canopy.

Note. © : Takarashozu, @ : Akatsukidainagon.
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7 NAR AMET LIA® 5 2 LR Shich’, NAR
DETF, LAI 502~1.0 DFH (stage II) THEDL
W3z &nb, HEERC X5 NAR KT, hEic
BUTh, 3F LAL 03 MHEMAHETHID L HFERE X

Akatsukidalnagon

Plont helght (cm)

>

o

o

O frm o
mi-
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Fig. 27.

50

118

Density

Vertical distribution of leaf area and stem structure for azuki bean at

various population densities at the full stem-length stage (Aug. 31).

Note.

The density code is indicated in Table 9.
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Fig. 28. Relation between leaf area index, and
crop growth rate and net assimilation
rate.
Note. II: July 7-July 20, III: July 21-Aug. 3,
IV: Aug. 4-Aug. 17, V: Aug. 18-Aug. 31.
na,

LAI o#fnic &b 75 NAR oA AL, w0
TLRIEE stage RIZERAV & WAL, BEKHE T
stage IT L III BXO'IV &V OTELL BEBD
PEHETHL, LirL, YA, WThO stage i
BTh K ([HOKREVHFEAME TR ED o1,

CGR i1, /N T, satge II~IV ok T3, LAI
OWINMC & 378 » TIRIE 2 il B L 7hs, Wik
S T3, stage III T3 LAI #1LETit CGR i1

Wi, Thib LAL oKk stage [V L ORT
JEEBRY I INBE RS b R, TR Lic X D, WE
KT T3, stage 1T WBWTEMMMIX TH L\
NAR DETFHEDORTE H, LA 1~2 OfEH (FiE
R3X) i bhad CGR R, A ISR LIS, ¥
FRROETHRESBEELTVALDEE2 BRA,

WATSON OJFEND & & » CHEM U K HERE
# (LATope.) ¥ TR RBEGHERER (CGRmax.) D
Bz, Table 12 wiRT X 51z, stage LRHEC X - THh
) Bicsd, B TLE, LAlops. DfEiL stage IV G,
CGRmax. DfHIL stage 111 CTEE LD, WL
#%o stage THET/NEL, FOEREOME L LA, T
26~4.1, CGRmax. T 10.7~14.7 g/m¥day Th -7z,
—7, BEKME Tit, LALops. 35 X0 CGRmax. DfHIZ,
stage 11 & I B IV & VORITELLRELS,
T, stage 11 38 T OV I B\ ~Tid, LAlops. $9
1.4, CGRmax. 6.5 g/m?/day & D TEMELZ R LT
25, stage IV i1, LAlops. 3.7, CGRumax. 16.7 g/m?/
day LZEL<KBELKRD, FTOHKD stage TH stage II,
11T D 2 fOfEE R LTz,

6. CGR & PAR EOMRIBUIE Erar OB

Fig. 29 13, CGR & PAR Lt OPBgfRE R LA D TH
%, CGR 11, stage V < &, WIFho stage Kk
Wb PAR ORI & b x> TIRIFE SR N LT
0, CGR 3, A It=F ¥ —RIE LFIT
B Enbnb, UL, FOARILHED stage 1T X
S TR BIEH, stage IV TR B o %t i B8 7R
DERB LI, FEWHEPRIR U o= 5o & — AR D
DO FERR (Erar) 1, KE L REGES stage, 7

Table 12. Optimum LAI and maximum CGR at various growth stages
Max
. Opt. ;  Mean Mean solar
; Equation bet CGR LS
Stage Period Var. r CGCIIQH?Yl)O:ndeLX?e(g{) LAI (g/m2/> temp. radiation
(m2/m?) \ day (°C) (cal/cm?/day)
- July 7- T  —0.984%* Y=—-150X24+8.01X 2.67 10.69 20,9 404
July 20 A —0960%F  y=-—-329X24+926X 141 654
July 21- T  —0.968*%* Y=-~1.26X2+861X 3.41 14.74
I ) 225 356
Aug. 3 A —0978** Y=-368X249.76X 1.33 6.51
Aug. 4~ T —0.972%* Y=—-0.86X24+7.11X 4.13 12.96
g ) 25.3 391
Aug. 17 A —0.864 Y=—-125X249.12X 3.65 16.65
Aug. 18- T  —0.926* Y=-1.69X248.84X 2.62 11.60
v 214 299
Aug. 31 A —0.937* Y=-1.36X2+8.28X 3.04 12.57
Note. T: Takarashozu, A: Akatsukidainagon, »: correlation coefficient between NAR and LAL

*¥: 5% ; ¥*: 1% level

of significance.
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Fig. 29. Relation between photosynthetically-

active radiation (PAR) intercepted and

crop growth rate.
Note. 0O : Takarashozu, ® : Akatsukidainagon.
Roman numbers are the same as those

in Fig. 28,
TAKARASHOZU
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8 s
e
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g
o
£
& — . " L L 1 .
5 22 6 20 3 7 Ell 14
x June sfe—— July — sk August ——sfe-Sept.
>
<
z AKATSUKIDAINAGON

EpaR

0

22 [ 20 3 7 k) 14
June e——— July ———sf—— August ~——x¢Sept.
Date

Fig. 30. Changes with time in the efficiency of
dry matter accumulation per unit PAR
intercepted (Epag, dry weight mg/kcal.).

Note. Symbols are the same as those in Fig. 23.

Bl TRABDZEDNbID,

Erar i3, Fig. 30 @iRT L&, Wi L b uvTho
BRI R\ TR & b7 TR L, LATERHIR
BEEEC, AT 5% — vERTH, TORKEN,
Wik S s N TR E S, ENEL T stage V
EROCTHBASK TEERT 20 THL, i
Epar 13, BRI CRENED, ABFERF TERBERH

SREG BT ED, stage 111 TIREERNE O¥E

) 3 K TRy E TR b hi,

Table 13. Correlation coefficients between
LAlopt., CGRmax. and Epar
(stage 1I-V, n=8)

Simple correlation coefficient

LAILopt.-CGRmax.  0.906%*
LAlopt.—LPAR 0.850**
CGRmax.~Epar 0.931%%

Partial correlation coefficient

LAIopt.—CGRmax.l EPAR 0.594
LAlopt.~Epar: CGRmax. 0.048
CGRmax.~Epar: LAIopt. 0.719

Note. **: 1% level of significance.

& = AT, LAlopt. % XU CGRmax. Offi1L, KT D
B LR, iER stage KX > CRELSEFH LI, £
2T, % stage DY Epar X AMEOIBE Ll L
T, LALope. 3 X0 CGRmax. LMY & s & &
%, Table 13 &iET X 51c, 3EOH I EThbH»TEH
EOHBINR®S SN, LAl 38X CGRmax. OER
ISR AEDB A ELBEEL TV EA RS X
ke, Fio, LAlops. 13, FANE TREWEBAED L
hay, Chil, FREOZHSROECERRLICD
DEZBELZLND,

L. ¥EF(CD0T '

1. EYBECRIFZTHEBEORE

Fig. 31 wlbaie X 5w, BMEENT D OLEY
E, WHEE SLETIMYE TR EREL
HBL, KTESMHI8H 9H (BEET8 HE) CiRiEk
K Ukst, THELEL8 B 9 HEIERINEE L
b b o0, AKwkXIREEOF 6 A) ¥ CHmE#k
B, BAMC BT 22 mE, RELD CKR X
DR CIEDVIN R LA, Thb E B AR EDER
KEL, BECIZEHEIREVCORNBHTD %,
BAEpERE D, ORELL ERTEBLh, KE4£R
641 g/m? (8 23 H), MHHAR734g/m2 QA 6H) T
B ot »

BEOEERC RIS TEEDK & 11, Fig. 32 Wi
Iy, TA 12 HELLEbR, FERKEGENEES
M, COEMEBTCE R THEE LT, ¥
BEHEL, KEPNEO%E L RRREREC L~
< Blboh, B &b B EOR RIS TE
LkEG, LvL, BAEEOEW ER TR, &AH
Oy RIS EIIN 12 B0 - ThHobh TH
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b, BEFEORE L TNE ER S EAEZ R LI, I LOHIRHER (NAR) OB LR LIt D TH %,
2. ERNRSA-SOHER HEERXD CGR 02 x — v, WML S Ebb
Fig. 33 13, EMAREREE (CGR), M (LAL BBLTsh, WFhd 7TH120~26 Helk&rns
—THH BB OB 2R Uic, Bk CRREBmHKIE £

TAISHORINTOKT ECHB T2, LOoRIIEEMZERI NS, ok
} TAISHOKINTOKI
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P2 : Branches w
T 7
3 %
E . z/
= 9
S o 07
=R . 2614
= w27 2% 9 23 & Jj
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Date Fig. 32. Differences of dry matter accumulation
Fig. 31. Changes of total dry weight at five between main stem and branch at five
population densities during growing population densities.
season. Note. Numbers in figure are the branch-main
Note. O0: A, @:B, ~:C, a:D, X:E. stem ratio (%) at each population density.
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= 20k =
3 & 3
~ E S~
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Fig. 33. Changes with time in growth parameters (CGR, LAI and NAR) at
five population densities,

Note. Symbols are the same as those in Fig. 31.
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ELEETiz, SH9H~23 HCiBifEfl 2 X (A, BIX)
DEEWEFEN ~ 1 > 2 Wicks Ul (RICizsmshTuik
V) DR TH B, BR CGR 1L, KIF&HE 20.0 g/m?/
day (C[X), -FFA&HF 19.7 g/m?¥/day (EX) Tz A &L
=N o l,

LAL i, M58 £ AT PHZE U CrrEfxie &
KESHBT DA, LORERPY, KIESFCIERHX
BEMRTRADEHL, THEERTREBERED
7R 26 Hicik Einofe, Bk LAL i3, KESR41,
TG EE 5.0 T, RA—HEBEECru-IhbHBES
R E D 5T,

NAR o#R, EAMCIETTCE L, £Fc
EbTno THA L, BHERKIE X BT s ER R R
2, BATEMA Y45 7 A 12 A ~26 Bre—Ky LR
RobN, FOREIIRESHOBMCELIRER
=72, BRTEHACIL, S8R X » Tt NAR 2A—Kife b
FTn s EFH 3B THIBRUIY, ARBROBHE
REHTIEFR e B E R, RIRORIHCE A HEAFE L <
% otz (Table 14 £f8) = &b, ZO AR HE
BOBCHARELEELTHHLD LHEEIRA,

3. ERISS X—9 DHREBRES SN

Fig. 34 wR+ X 51, NAR 2, LAI o#diic & %
5 o TIRITERETD U, 203 LAY 0.5 f
LREDLI L, ¥, NAR-LAI oxiBIfaiy, Fke
&3 stage IT & IV CiizigA—# LB 55, &
b & stage IIT (NAR 2 —Eic L5 LA Beific i
W) LD, FELLWENFEET IO TH
%, LL, TOHAAEIITFho stage BT
T E SR T E L, BLEROBEC HERZERIE
HTBZEMNI ML B,

X C, HREOT YL T A e, KE,

TAISROKINTOKI o TOKACHISHIROKINTOKT

15

.
\\

(9/m?/day)

CGR

mﬁ \ 10

0

NAR  (a/m2/day)

LAI
Fig. 34. Crop growth rate and net assimilation
rate as related to leaf area index.

Note. II: June 28-July 12, III: July 13-July 26,
IV: July 27-Aug. 9.

A& I, HOPEAEHEEE (880 & LAL Lol Eg
BGROEAET S 2 LD D LT (EOMEEERT
KIEGHE 7= —0.925%0%, B4l = —0.964%*%) Y
B - EHOR B H iDL T 5, LORE (K 12,
KRIESKE —1.02, HEEEQLHE —0.72, F7:95% OX% W
W35 LAT offii, KIESK29, -THaSE 42 L#
EINl, TOZ G, TBASEHT, KIESKHHC A~
ZHPHROBER S Loz C0BbDEELBRD,
—7i, CGR 13, LAI o#Mmc & % 7t - T 2 REERAY
CHMT 54, NAR-LAT ostitBAE & [@1E, stage II,
IV 3 XU stage 11 & ORicIR#FRITHIEBIRI ZD
bhaieh, CGR pBA LD LA OfF, SES
stage I X W EBETE -1,

Table 14. Optimum LAI and Maximum CGR at various growth stages
Max.
: Opt. Mean Mean solar
Stage Period Var. r C]é(ﬁlﬁg)o:ngeﬁx(}e(%() LAI (C 2) temp. radiation
(m2%/m?2) day (°C) (cal/cm?/day)
June 28- Ta —0.980%* Y=-188X24+ 9.07X 2.41 1094 -
I 18.9 331
July 12 To —0.991% Y=-140X24 803X 2.86 11.50
July 13- Ta —0995*%% Y=—244X2414,09X 2.89 20.35
i1 21.9 543
July 26 To —0996** Y=-142X2410.62X 3.75 19.90
July 27- Ta —0.959** Y=—-248X2+10.24X 2,07 10.67
Y 219 348
Aug. 9 To —0959** Y=-162X24 9.14X 2.81 12.85

Note.
*5: 1% level of significance.

Ta: Taishokintoki, To: Tokachishirokintoki, »: correlation coeflicient between NAR and LAL
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Table 14 wiR¥ X 512, LALope. Dffiid, Wi s L
stage Il B IO IV TRz L A EEPEH LT, KIE
S 2.1~24, THFELE 2.8 ThH 1ol stage 111
TR YL, KRIESRT 29, HHE Sk 38 7R L
foo ¥, AVERITI, % stage & L -HBESHEAKE
FAHERTH, EOZEINS LICZ ot 0B T L
b DTHAHS5, —F, CGRmax. b LAlops. & [t
HEPRDLI, HfEE b stage [T B IO IV itz

LA EERR DR 5Tz (KIE£HH 11 g/m?/day,
5B SEHY 12 g/m?/day) 23, stage IIL G ok &
320 g/m2/day EELLBWEE R L, Lal,
LATopt. &ER7n b, 4 stage & & WRERHIZER /N &2
Py

5. CGR & PAR KU Erar EOBR

Fig. 35 wBSHh e L 91, CGR i1, stage I~I11I ©

13, PAR o#inc & d/e» TR EHSHCHEML Tk
D, ZhbHo stage Tit, CGR {T= 3 L —RINER
Wt 5o E2boh B, stage IV T3 CGR %, 5%
PAR DERBHA L, &0 stage TiE, CGR &
Epar DBICHE TRV HWIEOHES (r=0.8 L)
MNEDHH, CGR =3 A ¥ —RINE L 0, L LAED
PHRIZ L - THERERTBLDEELLRB,

Epar DEBR D75 #B L, Fig. 36 WRT LS
w, KE£K Tt LAL pNRISEER & 05 7T B e
LEEHSO0, FHEEEL D HENERTIPNEL,

I AhEREBIETL, TD38— v, BEERe—
7ERTKE, NELEHERRC LI,
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Fig. 35. Relation between photosynthetically-
active radiation (PAR) intercepted by
the canopies and crop growth rate.

O : Taishokintoki, ® : Tokachishirokin-

toki. I: June 15-June 27. Other roman

numbers are the same as those in Fig. 34.

Note.

LATops. 38 L 08 CGRmax. (&, PATESIC XS5 7 H
#Hy (stage 1I1) 12 L B ER A LT, Table 15 i
BT X o, stage 11~1V it % FY Epaw 1%, i
], stage BIZERME L P& WZ &Easb, £ stage
fEzestiy, AMENC LB SO Ciisn b H, Table
UICRENTVS X 5T, EHH SR, stage 1l f &
U IV Tt & A EFHVE < (331 35 L 08 348 cal/em?/day),
stage III T L {@E\ (543 cal/cm?/day) = &b,
stage [I2E82, FLLCHHBOECRBETS 0L
Exbhb, i, LAlope. 1k, WTho stage i\
ThRERKTHEWD, Ks HCmBEHZESR DL R
B LD, THEEOB L BLD L XhD,

10[ TALSHOKINTOKI

L. R N R . s
i\ 27 12 26 9 23
e *: August =~

= June e July ¥
TOKACHISHIROKINTOKI

(dry Wetght, mg/Kcal.)
o

X

EpAR

s 28 12 26 9 23
— June —f¢——— July ———f— August — .
Date
Fig. 36. Changes with time in the efficiency
of dry matter accumulation per unit
photosynthetically-active radiation
intercepted.

Note. Symbols are the same as those in Fig. 31.

Table 15. Mean Epar (mg/kcal) at
stage 11, I11I and IV

Stage
Variety —————— Average
I I8 v
Taishokintoki 74 8.0 6.8 74
Tokachishirokintoki 80 8.2 89 8.4
Average 77 81 79 79
# @

BEANLE D & AR BRI, SR L by
B2 RIEEE BX) OFRY, BLIUEE - INE—HER
R AN A EBRIEDOBRICH B, AP, ©
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16 Btk X v B COeE R G LA ML 7
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T RBA T B 7o, FHE RIEOERSIE L ZT S
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EEL/PEL, HELHEGA, chboRER, 2
BTk~ ko, BTk ThEL,
DL B EFMCE L TS, T, KER/NEK
W~GEmBEER R <, AFMRLE. —, X
TokE, B X v RECHERY, HBEEoHH
FEZECIR - CTHET 22, Harosoy (18l Ut obia
EBETH, LoL, mafed, SRaEE LN G
THHEBIMEYRTOREETHE, ThbEHL
T, ANEORCRG, KFEH ATk & < JRBT % H1aRHE
HEHEIRL, SR TRl Tlh, &<
Z OEF RIS T,

D X 5 IR B, — I KT H
~BBT 3 A oM\ R, BmE MRS
324 T, R E BB T AR REINIR F W,
FRADOFIEH N E W Edbhrb, LT, &
FOBERIGHR, BEROWELEECEEL TS

DEE2 b, BRBNEEHAPELRTEA 7L, 58
BRTERL O & O AT R S HEE S R, %
oo LT DFOR DR RES S AT, FHEC X S
RESBEB bR P TWEER £l TW b &V b,
HIETLIEW LI L 5, EkE LToEMNL, )
TR BT s BB IRE LTV B &
b, BEAERERRWS VBB CTORNERMCEL

Chro BV, R OWBBC LB b LR IN,

2. BERBTICHBIIEHEEREICONT
BHEREREE T, 417FY, 8 s S BIEME Y
FhBaic LAL &, ZhU#% Tk NAR E8VIED
WERRL, ek, MoffpiRk L2Hcsd
7o\ LAT HERI S NAR STEEIANEBTT 5, Lo
LA, LAlops. 3 X0 CGRmax. DfEiky, fE%, S
EHcErBobhs 300, Wwihl LA o/phxw
ABRIICNE L, AFIETC O THRECE D
OHREMTHD, Bk Lick o, ZoBERL, HEM
P OATREET 52 L TEwo &b, KRk
TR A AF —R I & 2 DHROM DS B8 CHEH
wfT ot

BMEER & R —IRINE & OBRE Bkt LT
Fb3&, CGR 1L, HHEIBP L ic=r ¥ —F
(PAR) EBfr= & —Mf b DL ERE (Epar)
O (CGR=PAR X Epan) & LTHFHEhs, CGR
PAR, Epar B X LAI o#HBR% Table 16 /s
O oW TRB E, Erar & PAR #X0° LAT &
Oz, TAED stage I, 11 #Bx < EHFEAHBEA
WdBRNI, FTh, TOX SR, KE, ¥
Hr 2T HIISEBCED b, =3 AF —RINEY
b & Ui <, ARG LR v et
STELEEN (PAR & Epar) (SEHOTER & LTER R
5T EMTED, Thi, Erar 2 LA g, %
FH (Ks) BLUAFHEZHAA DI LKL - THELH
fo=F ¥ —WINE PAR) ¥~—Ar Bl Ehicz &
76, LAL & NAR Lo AEL TR F R ERD
HHOHEINLT AR XA DEELLRS, Lich
->C, Erarn BEEL LTHELHRL WAL DY
AR & KOG RDOAT], ThbbLREFHE (K w ) -
TEET2b0EEL LR, LOERBEIEBCT -
T B OREBGEE O FEECI <, NAR wf~38
DEBIERE LV~ A2 L h IKEBIL WAL LB
hb,

CGR & PAR % XU Erar & DBFEHHA L Ta2B
&, CGR DHEEHN (PAR & Erar) 13, 415M, 56
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Table 16.
various growth stages

Correlation coefficients between CGR, PAR, LAI and Epagr at

Stage I  Stage I Stage Il Stage IV Stage V  Stage VI
Variety June 23- July 7-  July 21- Aug. 4- Aug. 18- Sept. 1-
July 6 July 20 Aug. 3 Aug. 17 Aug. 31 Sept. 14
CGR-PAR 0.999%**  (,.999*** 0.964%* 0.950* —0.245 —
CGR-Epar 0.892* 0.975%* 0.545 0.305 0.897* —_
Takarashozu
PAR-Epar 0.891% 0.978** 0.304 —0.009 —0.648 —
LAT ~FEpar 0.879* 0.955% 0.167 0.063 —0.736 —
CGR-PAR 0.999%**  (,996%** 0.684 0.836 —0.266 0.239
Lo CGR-~Epar 0.336 0.454 —0.251 0.928* 0.965%* 0.978**
Akatsukidainagon
RAR-Epar 0.297 0.390 —0.873 0.575 —0.509 0.033
LAI ~-Epar 0.301 0.301 —0.914* 0.472 —0.549 0.076

Note. *: 5%; *¢: 1% ; *+k;: 0.1% level of significance.
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B D B, CGRmax. DERL LB T DA
%ﬁﬂﬂmb(b%%@&%x%ﬁtoitJAhm
LYy Epar OB S IEDOMHBERERE D BRI,
LATops. 1351 E S KON WRETREVWC &
b, ZTOBEEIWII AR D@ T IAFE D ZER N
KELBIEL TV B S D EHEE SR,

DIb@i~T & X 52, BELG Tk 550w
MrEEERE, LA R &b TN E WEE D & M B

30r
o
25+
=2
= .
o R o
‘E 20 o .
=
Z )
E 15 o o
I 2 1o
o o -AA
101 H e
“
3N — iee
ST r=0.836
5 10 15

Epar {(mg/kcal)

Fig. 37. Relation of CGRmax. calculated by
WATSON’s method with Epar {density
mean) over crops, varieties and stages.

Note. ©: Tokachinagaha, ® : Harosoy, & : Ta-

karashozu, a : Akatsukidainagon, []: Ta-
ishokintoki, M : Tokachishirokintoki.
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DHEERE N B137s, LAlops. °° CGRmax., B2
stage I L - TRy, EThdTE#HETH %, Fig. 37
BB L 5, Epar 13 CGRmax. & ERBAGY
RTEDy, LATops. & dIVIEDMHBERZRTZ Ennb,
T O R, AT Lo TRELLEHTS
FHELEARRC X - BT ohs vz X 5,

¥ =

KT, WNE, EReoEABER TS 2 5 (K
B—HBEE, Harosoy, INE—%/NE, WERNE, %
T RIESE, TR a4 & 5 Bf o ELRNET (ES
Wiz, 1A C) Wik L, BB RIGHE b Oy
FEREARE Uiz, EBRIKDOEB D THD,

KETVDNT

L SR R B RIE G 25 fH{A/m?, Haro-
soy Tid 16 fE#k/m? OREX TH LR, ThEh 1,205
g/m? % LU 1,123 g/m2 Th o7,

2. L o EEMEOMAE, EXAN
SRCELLKE D oT, ZORdD, BHEDOTE—HH
ORRESIERC LI RELRER-T,

3. HESHIGRRE 930 & LAL ok Eia
OEEARD SR, EREHERIIFED Harosoy 23RIEE
DFHBEECE PRk ED T, T, 9B% OWER
4% LAI Ofiid 3~4 o#llc b -7,

4. BRoOWMEASEEREC X o Rich, HHRE
BRI RECHR - THE L, FEMESE= ARG
w7 h, Harosoy (38 Uy 2 B4 L, DA
DR L e o to, S OERIL, BT EbTeo T
BRI L, B CBERS B S om L,

5. LAl o#ihnc &$7cH NAR OfKFik, LAI A
WO LI EnbDLRL,

6. LAlopt. ¥ X0 CGRumux. DEL, 4L I
Wi & b §ie o 7e, JEFBURKNI%O LALop. 13, -+
PeEIEC# 6, Harosoy “C4.5~56.0 DIl 1o, &
72, CGRmax. OFCAME, -1 2 3E € 28.9 g/m?/day,
Harosoy T 20.6 g/m?/day TH -1z,

7. AR LG BOA R SR (PAR) BAL
ke b DAL IR (Eran) (3, AR E b7coTh
AL, SERRRINI# A RS2 L7,

8 CGR i3, ¥EMBRKME pL, THicrE
PAR &, #Biid Erar S HBLIEOHE% R LI,

INELC DT

1. BRI st p LBy, MRMEE L 16 #EE/
m? X HERAX T LA EEN L, $9620g/m2 TH

(o) 7L\Zo

2. (Aot ERCRIETEEORENY, FRTHEN
SHTELLRE L, HBEHBRIEE L LWL,
BLEEOE - 4.4 @ Ff/m? X TR LT EED L
ot

3. HMEBBHIGHREE (%) & LAI Loz A0
BHEDHLR, TORE (Ks ) 3ENIBNEDP ol
Ko Bkt 95% DX B IR 2 LAL 135/ME
5.0, BEXHIE 3.3 Th -1z,

4. BROVENERE, SECXrENNSL, #
SRR ETTOERTH B, Th, EELMEAORE
W TRLE D b Dt ~KFE & e B AR R LT,

5. 4FrEd75 CGR kX0t LAI offiz, 5
NECIIEBRERIT S CHER L e, BEAWE CIEE
[RZEPNNE Dy nte, Fi, LAT & NAR sl iz i
WEOHEBEYRD LR (r=09 1), LAT o &3
7£5 NAR D{ETI, LAT 03 4E»6Eb b,

6. LAlops. 3 LU CGRmax. Offiiy, A= stage
& TRESEH LI, EHEBERTIED LA,
DTS NE 4.1, BERINE 3.7 TH o720 F 72 CGRmax.
DK, /088 14.7 g/m?/day, BiAiNE 16.7 g/m¥/
day TH - o

7. FWEHEGIRIR U o= L F B EY ) O
WA ESHER (Epar, mg/keal) i, B bie-TERA
L, EmEEAHmEL Rk, DERAL L, AFRE
RENED, BPBERNE S HR L,

8. 4% stage DYy Epar & LAlgp. B IO
CGRmax. & DTG VCIEOHBZED B, LAl
KLU CORmax. DEFIIHAHENR K ELBEEL T
VBT EDREB SR,

RN

1 Rk s % BTN 7o h 2B, Wi
&b 25 ME/m2 L DM Tz LA EEBRD S
Nigh o fend, Whd 44 Bik/m? TR E L, KIE
L5 641 g/m2, HEE 4N 734 g/m? TH » 1o,

2. (AGOLERCRIFTRIEOTHY, TR~
DECH LR EP o2, ROBBEOE 44.4 {E4k/
m? [XCH 1200 X - Tho b,

3. LAI & NAR rofliciz v ho stage iy
TH ADHEENED SR, LAI ofinc & 37 5 NAR
OET W LAT 05 m bbbl

4. HESIERERES (%D & LAT L oRliciz A& oHEs
PRD LI, AEULTHASEN RN E i, T,
95% DYeHBILT 5 LA OEITAITESE 29, +1BE
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Sl A2 EHEES R,

5. LAlopi. % £0% CGRmax. Offity, HH RN %L
Pote T ABFEE L EA Lic, 7, LALope. 134
stage &b THBASGE TR ED o 7o H, CGRmax. 13\~
Tho stage VT hWMRERZEILNE D T,

6. M AIIRIN Ui e m B R B (PAR) Bi6r
Bt b O ERR (Erar) (3, KIE&FF T LAI
DEAKERD TABRLECRCHEED OO, ML D
HEBHIESHEEH XL, 9 AFBCABTET L,
Fto, AFPINC KT BV Erar ORHEHZEIL EHD
TNE DT,

BS5E IRLY-BRRERLVICZOEY
EEMEDOLHILERNOIEHHESR

ek, ERMIECA VO TEL NAR W, X
EEE & Wk EE (REER), EEE oK E X EBER
B I EHERN) B L OGO —HBHERENTH
AR EC L - TEET 5 b THEMR T 4 —
2 TCHY, BESEHFTCHEI R NAR 2+ 7 BE
e L ERBFTCRAV B ROV, ThETH
EHIRTWBEZATHDHZN, %7, REY Ot
Hebbd L ow, LRMITECHWE B HEARRK,
CGR=NARXLAI ¢it, NAR & LAI L oo
FHBIBSR IR L, MERIENIER L Ltk
EORMER L, L RFHETIE, METHLAT LD
i, NAR 13 LAT @ 20 TEKGEEME (0.3) -5 A DM
Ba Rt &vh, NAR O {Laiidy ko L EEER
DHELLBHSDELIT LIBRTH D,

WA, ERERAY =3 A F —RIES = 5 L ¥ —FIH
SN O D BIEYT LBl 25 & i S hou 52161722
23,32,61,90,120,12) | = v —RINE & F ORI X HR
Wik ORI E 2 H i, TCEH e X hiREh T
B, ZOFBAERMITE SN L e b CInA &
RAGAERE G, AT CRLEL L DK, APETIL,

ERATECE G (K) SRRz S LT
L0, WRITERBEE O T AT - fond, = O
ETR2ODIECHC OB 35 2 — 2%, HEK
B S e CHNTCE 2RSS b, ThERMBILLCH
WHBETIA, X E R ATRE & T B,

T, AETR, BERRCESRLERYET
LENOIFYEIER S E R & =3 4+ —RINE S
D& T LR E B S AN L RS R B
T5,

MRERUHE

Mk . REHEOREME A BECER S h T
BDT, I CEHHER DTS, AL, 19724
(EH) 3 L1973 4F (KFEL, /NE) fffsbh, ¥Hic

COWTRKRIESRE (BE) 3 LU AR CRER), X

T ok HBERRE (FERED) 3 X0 Harosoy (&R
), pEOWTIRENL (FE) BIUBERRES W

) B LI,

FHEFE (Table 9), MEAEE, X, MEH B £F
ML b E o K ABRAHE T, IEEE 2~3 B H 2
S IS % C 2 M8k CRME R L OB A RE L
foo Ei, BRI S EC b ic » THBERX O
FESF R RE Al Ute,

=AAF -WIREOEMITE: MELRBECHLH
LRz 0BHAE A FMCB~5,

T SR U 7o e A BCE st B (PAR) ¢

PAR = 0.444 x [ 548 x kg2 (1)
(0444 : 2HED 5 B 0.4~0.7 1 DI EIRD HRK)

ELTEEERS, 205, MR, ERERE
(LAT) Eistaxtigmg & OBRAMAE « ffgoe
;Ila-ﬁ(l—l(s LAT (2)

(Iy: BELERONXOWE, 1 HBEOKOME,
Ks: ZR4H)
THEMEINDZ &b,

l—exp—#s LAl

ELTERbENE, Lo T, AftELY S &T5&,
1Rx
PAR = 0.444.S:(1—exp— s LAIL) (3)

DR THEHTTENTES, LiL, EECIRHSh
folem RV F — O —IER KA Eh B DT, KE X
hiczmx v F—BhHLU5BRERH DR, ARBTIL
B GEIGE Uiehs » 7D C, KEERIIEY), FAERc
REPLVWHDEFKEL, B RELDEZOWTHVS
ZEELT,

PR e A R L e A R S B
(4PAR) 13, LAL 2R ERMCHB T 0% L,
ASEREC I > TRELEBTHEnD, 1HIE
OEZEE L TRDAHZ EEE Ly,

T ZC, dPAR 12, FTIEMN (b—t) e Bt
102 & oREmFEEH (LAL) %
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log LAI,—log LA,

log LAL; = s (i—1)+log LA
(4)
IOEHL, ThiEolokok K offits LO%

BoHHE (S) b tekoxnbEBH L,

)

(S}

2]
APAR = 3 0444 S;(1 —exp~Fs LAL) (

i=t,
ek, AHEMRPCRRESh e =R F—RiL, 2
W L DERRE L <5,
¥, AR L r AR R AR e
D DIGEFERE (Epar, mg/keal, LITFARIA T %)
¥) &
Fpar = %

I hBEHL.

(AW EhprE ) (6)

HRBEIUEER

1. EMEEBLIRINF-—BRRBEHLE KUMELD
JEPER
A ERT, CTho R s T CR (16 B/
m?) L ) EHECrE & A EE ed 5 128, Table 17
CRAEDEEENE O BERC KT 24 ER,

Table 17.

IR (LAD), SEffilEER (NAR), =5+ —RINE
(4PAR), ¥4 Epar (Epar) ®#7RLT,

KWLl X 5w, NE, EUOWHERERT R
0 50~60% B ET, EENCHELVENFLET S
Ebns, ThbDE, HEEAIARC LICEHE
ZOWTh ¥ e WD LRI,

AHEIRPCER S oot iR, EREIET
12 LAD & NAR, =51 & -l & U
Pt APAR & Eear ORE LTRbINRD D, B
Ay LAD 5 X 08 Epar & O BAE AR IEOMHE (r=
0.993%%*, r=0.866*) Z7xL, LRFIETIZ X OH
N, =RAF—RIE SO E LRI Tt o
PEWAEOTRERTHH EXREL TR D, ML
BERIIEC L TE s Bot,

APAR 1, BAERCEI DD RICH, AR L
DB KD » 72 (r=0507), L, LB
23EM <, LAD VN vElicit 4PAR 23K E W23,
N3G ORBEA T 19724 T, BRI B
7B TARAOAHERE LS Eh otz bic kb, ¥
o, B JPAR PHSVGEEREO—DIZ, K VM E
{ (Table 18 £R), FFE:EH BT 7, & BRI
Ehaz g d{MReBEBBR L= ¥ DEEINKE

Dry matter production (maximum value of total dry weight during

growing season), leaf area duration (LAD), mean net assimilation
rate (NAR), accumulated photosynthetically-active radiation inter-
cepted (4PAR) and mean value of the efficiency of dry matter
accumulation per unit PAR intercepted (Epar) for the density which
produced the maximum dry matter production

N o Accumula-
Crop/Variety Iglf(})fd{?cattigerf Period® | o NAR 4PAR Erar tr‘;(({h;?i]s;
(g/m?2) (days) (g/m?/day) (107 cal/m?) (mg/kcal) (107cal/m?)
Soybean
Tokachinagaha 1,205 (DYe* 118 296 4.1 10.52 (26)*** 115 40.62
Harosoy 1,123 (C) 118 289 3.9 9.94 (25) 11.3 40.62
Azuki bean
Takarashozu 611 (D) 104 169 . 36 (18) 9.3 36.76
Akatsukidainagon 619 (E) 118 168 3.7 5 (23) 6.6 40.62
Kidney bean
Taishokintoki 641 (E) 83 183 3.5 10.40 (32) 6.2 32.28
Tokachishirokintoki 734 (E) 97 184 4.0 9.66 (26) 7.6 37.25

Note. *:
ok .

Preiod from emergence to the day when total dry weight attained the maximum value.
The code of density which produced the maximum dry matter production.

The density

code is A; 50cem, B; 35em, C; 25cm, D; 20cm, E; 15 cm, equidistant square pattern

and singling.

The ratio of accumulated PAR intercepted/accumulated solar radiation (%).
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Table 18. The maximum values of crop growth rate (CGR), Epar and LAI
during growing season for the density which produced the max-
imum dry matter production, and the leaf area index required for
95% light interception (L AL g5) and light-intercepting coefficient (Kj)
Crop/variety Max. CGR Max. Eran Max. LAI LALgs K
(g/m?/day) (mg/kcal)
Soybean
Tokachinagaha 29.6 17.2 6.06 3.44 0.87
Harosoy 22.2 16.8 6.15 3.28 0.91
Azuki bean
Takarashozu 15.5 12.2 4.90 5.01 0.59
Akatsukidainagon 14.5 10.4 4,02 3.26 0.92
Kidney bean
Taishokintoki 19.6 8.3 4.07 2.94 1.02
Tokachishirokintoki 19.7 8.8 5.00 4.15 0.72
Mot i L5, EHEHMPE Shict=F ¥ o o oo
D 5 BHERALHA & L ORI X hfe L+ — 0 1000 JERLANW S 2
H23, 18~32% ORBAIC D - k%, AR CR2EC ) .. L
B Ehfc=F A F -3 LR TwicwoT, B §° 500 i; ‘5‘5 sool S:.“'a_a
HRIRPIL = 5 v F —~DFEERZ DR LR T@S b D g2 005 [ eeosg &
Elbh s, 5 100 7200300 3 4 5 6 7
. . é LAD NAR (g/m?/day)
AEHRIRIC 50 B BB RHIE (CGR), Eran 3 i . "
LU LAT Offkfiivs, Table 18 ©RT & 5ic, KA 5 100 o " **on0 2
KEL, WIS EMAREE & Ol r=0.898% [J Lo E N *
EOHBEIARD S, £l #AMOBA LAL i3, £ “:A; mfhféhi
ST LT h D 95% DX E BT 5 LA o oo Lo s
(LALgs) ofif X bR EL (FAZIC S THRBEED Th 68 30 6T E T

ERicisid sk LAL offiiz, LALes Ofi X bk E<
544 TH 5 1), ZOMEMIBC KT THECTH -1,

LED X 5, CGR, LAI, Epar ORAME, Wi
LAFENOEWKE TR EL ST, ThbD5 2 —
ZIABMRCRELLTTH &, R X - T
A EOTEERN RIS 2 L b, EEHOZEDR
ST L LB Tiriv, 32T, ¥ 2
W h1w, Fig 38 wigmt: e & LAD %X 0t NAR,
APAR 31U Erar L OBtR%, (P4, S b
FEHIAZR LTR LI,

BB s ave & 5w, gy LAD L@
DAEBABIfRE R A% NAR LinA0HBA T L TR Y,
ARG CREMEEOTRERIL LAD Th b &Lk
WmENB, LaL, Table 19 wiR4 X 51z, NAR |33
Bk L ORHBIGE & 3 LAD LB A0 AR
L, T3 BB 5 & v, NAR o

APAR (107cal/m?) Frar (mg/keal)

Fig. 38. Relation of dry matter production
with LAD, and NAR, and with
APAR and Epar over crops, vari-
eties and densities.

- Note. ©: Tokachinagaha, ® : Harosoy, &:

Takarashozu, & : Akatsukidainagon,
[J: Taishokintoki, W: Tokachishiro-

kintoki.

B PR BT IR BT 5 & L ixie o Ly,
—7, 4PAR & Eran 13, Wid & b hmi L F O
BEAMBEEZRT @D, EREIE LR JPAR &
Epar & OHMEBIRENE ¥ o0 TIELS (Table 19), #4y
R L Erar OB, RRELOEIKEVH
HHCHRE L C 2B &, Epar #29 mg/kcal &l %
W EELF OB Clxp R JPAR x5
IRARIS 5T 0, APAR 257 UTh Epar OEWEET
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Correlation coefficients between
the parameters (DW, LAD, NAR,
4PAR, Epar) shown in Fig. 38
(n=30)

Table 19.

Simple correlation coefficient

DW-LAD 0.945% ¢
DW-NAR —0.485%F
LAD-NAR —0.665%¥*
DW-4PAR 0.810%**
DW-Epar 0.725%%*
APAR-Lpan 0.206

Partial correlation coefficient

Note.

DX, =AAF -WINE L& LTRSS,
HepE T DT = 3 A F R E DR, T DORERD
BE LT\ Bz ERRBERE, LiL, Table 19 ©
XAk, 4dPAR & Fpar EDMiEAORM
BagEDHLRD 2 LD, HEOBR b BERBHRIAFEE
THERDEEL BRBD, DI OWTREIRT 5,

2. BRHMGICHITIIEYEERDER

Table 20 11, FIEKBAMAK (BRI i) DR
EHERERLICLDT, #HEE b 2Ry ERERD 3/4
LAEA ok v b, BERMA e E R
NIRRT S X UFEERIL, Table 17 iR L icizdpi
EER BT B & FABRIEM CRERENFEL, HH L
LAD, 4PAR, Erar & ORCIIER R 6% ML) Fo

DW-LAD: NAR 0.954 %% HBEAZED LR, ThbOBER I ThL KT TRED

DW-NAR: LAD 0.593%** > 7

LAD-NAR: DW —0.726%** Fig. 39 &, ¥, Wil BREEELAARC LISBE

DW-4PAR: Epar 0.980%** w3t B BB O RER £ R R, BIV

DW-FEpar: 4PAR 0.973%%% 4PAR & Frar EOMEBIRICOWTHS &, T

APAR Epan: DW —0.944%% BREGEERC ST BEE LR, 4PAR LR
BTS2 T L, 1*»45_%{2:%75;;@ 7.5x 107 cal/

*% . 1% ; **¥*: 0.1% level of significance.

m? %z 5 LMD bR oo, L L, Epar

IR REENK EV, T &b, Epar DREE
X & % 3% 9 mg/keal L EARTAE 2 fE & RNE,
BIOFNE T ARt 2 R EBERME & 04T
DIENL, APAR DiEh Lrar OERI K E CBEEL
TWBHLDEV R 5,

Table 20.
grain filling period for the
mum dry matter production

Dry matter prodction, LAD,

EENT R C &R EERILEAERL, =5l
LIRS D L, BAEEREE LT Erar T
THEEN B Ebrs, Zhid, LAL 23T 95% ©
SR F — RN T 2EE 25 E, CGR it Epar
EDBEEAIEOHBE %R T B4 & &ah, LA

NAR, 4PAR and Epagr during the
density which produced the maxi-

Dry matter production

NAR  4PAR  FEpan

Crop/Variety . P(g/mg) < Period {(days) LAD g/m2\ (107cal/ meg/
s otal < az_)l m2 ) <kcal>

Soybean

Tokachinagaha 282 727 1,009 (D)* Aug. 3- Oct. 11 (69) 281 3. 855 118

Harosoy 275 674 949 (C) Aug. 1- Oct. 11 (72) 284 3.3 857 111
Azuki bean

Takarashozu 102 341 443 (C)  Aug. 3-Sept. 14 (42) 136 3.3 4,99

Akatsukidainagon 203 385 593 (B) Aug. 3-Sept. 28 (56) 134 4.4 6.48 2
Kidney bean

Taishokintoki 133 352 485 (D) July 18-Aug. 25 (39) 114 4.3 7.05 6.9

Tokachishirokintoki 156 536 692 (E) 21-Sept. 6 (47) 155 45 7.64 9.1

July

code is indicated in Table 17.

Note. V: Vegetative parts (leaf+stem+petiole+root), R: Reproductive parts (pod+seed).
* . The code of density which produced the maximum dry matter production.

The density
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Fotal Dbko ke, KEEANFE, ¥ELoMichbhsy
1000 9 1000 ,® RAFEN O SEYERINC KT 5 LK, PRox
°; o BRECBEELTCBZ EQRB NI, LrL, B
2 L3 L T, BRI R S h e RHEER A T T4
SO0 e SO wir BE.5 1 [ B B ol Tk s <, FHAD S LEA L,
3 a0 " io.gasee 7.¢&mrs Table 21 wiRT X 5 ic, #70% THEMLRL D
é P;qf 8 6 8 0 K&V, —H B, e, W CTEAORE L E
= . s AbhBT Emb, FRAEEINE (=5 4+ —UIE x
: 3 o8 W) x YRR O TR L, WML BERE & 0 i
2’ e e P DT b RS 5 BED DS D,
L =% e, 3. Epan &BHBEEOBE
. r=0.874 r=0,814""" B LA X 5w, 4PAR & Epar &ORITi3, BHIES
46 8 6 8 10 12 o .
APAR (107cal’m?) Epar (mg/kcal) BB DD, ﬁ*ﬁgﬁgﬁﬁﬂi%b < mb\ﬁ@ﬂﬁ’i’ﬁ\
Fig. 39. Relation of dry matter production (total 1:\‘ emb, ﬁﬁ%DFﬁﬁK%b‘Eﬂ%%%#ﬁE?é cen
and pod+seed) with 4PAR and Fpar AR SN, RETE, BHFLABGEEIHEL DM
during the grain filling period over HOMIEWTL, AdizHS, KEORL & EEFRC
crops, varieties and densities. — EDE RO |32y, IR LS B\ TR AR
Note. Symbols are the same as those in Fig. 38. BT ENB R T B1960, = hDEENS, |-
FLOBR R LA B DX HBIR I v B KD 22
Table 21. Distribution ratio (%) of dry matter DEEIC X »THE LD b0 LHEIRD
production to reproductive parts § - ° . .
(pod+seed) during the grain filling Tbb, M Lo TRILS =i+ — ki
period at various population den- i, AR L DB X 5, EMEIE, RN,
sities A EO 3 FHe L oREIH, BHRENAETLZ LT
— —— E o CHRIE B0 FNBREED AR & TR
ensity N e
, 1 Ihiczir i F—0 AR Bk L
code N H T A TA TS 5E \ )Wlll h 3’:7/ 5 %?L_'DBW EF'FI}\L N
W AF - DG EMT D, DREEEHNL TS
A 74 60 6 66 68 70 RZIEHD 5B, FRFILLEONHF T DI LG HIEIN
B 75 66 73 65 74 73 TAHZER LY, BWEERAYRINEIN a2 F —
C 771 77 66 70 69 TH S CTHIE L Epar (3, BAMEFO O &HEE, S
D 72 80 71 68 73 75
E 0 74 75 74 69 77 o (301)
Mean 73 70 72 68 71 73 e (299)
1—” a0k (543), o’
Note. The density code is indicated in Table 17. \\E Y Ta ‘
TN: Tokachinagaha, H: Harosoy, T: Takara- a2
shozu, A: Akatsukidainagon, TA : Taishokin- f 10t
toki, TS: Tokachishirokintoki -
r=0.852*"*
DE LR T A BRI T, EEET =R ¥ - 0 s 1 It
PRELY D LOMRCHEINIEAMAC e kb d Epar (mg/keal)
DTHD, Ffo, ENFTTRER X bFRTHA LA, Fig. 40. Relation between CGR and Epar for
Rt FANEO LAL g OfEinik & <, B b WD E X which LA.I i‘s rflore tAh.an LAlLg over
AR AR D LAL (2, A BHIRI%E UC LAL o 0Off & crops, varieties, densities and stages.
Note. LAIg: The LAI required for 90% light

DELHR LI EIsbDeELLR, 20X
T EE T = X ¥ - RIS ShAE A
Wb DsEZLRS,

Mean daily solar radia-
Symbols are the same

interception. { ):
tion (cal/cm?/day).
as those in Fig. 38.
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Table 22. Linear regression equation between CGR and Epar shown in Fig. 40
Stage (calje :12 day) 7 () R Fmd i @ () =
I 276 0.999*** ( 9) Y= 0074119X 1.195 0.837
I 299 0.998*** (16) Y=-0744135X 1.287 0.777
I 352 0.989*** (12) Y= 020+143X 1.454 0.688
v 391 0.998%** (14) Y=-116+179 X 1.688 0.592
v 543 0.899 (4 Y= 9.06+1.22X 2.285 0.438

Note. S: Mean daily solar radiation during the experimental period.
7: Correlation coefficient between CGR and Epag.

4 0.1% level of significance.

Wiz T, FEBHEREL AR EETTaL0 L
Ezbhb,

EZAHT, Q) R0bHEE SRS X 5k, LAL 25 %
WD & i pEEM 2 TKRE < Iin B &, 4PAR 11
LAL Ks B AHEO) DAL L - THhE D, *
ZC, COSEFALCHME RENEhoFREE
SHE) L OBIREMLACT B D, A HREHIORR
b, ZEMEIoE LAL 290% OX&RINT2 LAI
DIER 2 5 EBEX 2T LT, 0 CGR & Epar O
BiRA R LD Fig. 40 TH 5,

RiBA S 237 & 52, CGR 2FRl— stage WL,
AR Erar D LA & b TR » TERRMCIEML
TB, EHHSENK E L stage 13 E QAR E L,
#% stage 123135 CGR-Epar DOBAMRIL, Table 22 @
KT X5, stage V ZER LIBIER S AE S5 —RKT
FbEhb, stage V CRREEVEEEE D e o oD
i1, BEL AR e ol bR LB LDTH
A5, % étage 12} % CGR 35 L U8 Epar OFHfE X
DRDICAR (a) T HEHE & DREICiL, »=0.998*%**
DEDHEN S Ntz 23, Erar &K A S & O/
iy r=—0.939%* DA O FEHEEENED S h, HH
IRORRIRERC BB, LT, AROWH (La) wEE
L, th EPHRHEDREGREY RS L Z A, Fig 41 1@
BB X 5T, Epar iXASERE EE Ao TR
B E T35 2 EBASL M E T 51,

%7z, Fig. 40 wai L1 CGR & Epar & DR &
LRAEOHBBIHRIL Fig. 37 caxsbhi X 5k,
WATSONUD O HEIC X » TEH L% stage & & D
CGRmax. L BEZARTLIEY Epar LD IHE
EL TR D, REOHERE, ¥ Erar EPHHSFELD
iy Fig. 41 R L iAo Wi g e B2 fE
B EANER IR,

ALY 243,15
Y (.a)'12.34+x

0200 S00 00 500 600 (N

. . PRI
Mazn daily solur radiation {(cal/em”/ day)

1
Fig. 41. Relation between Epar (z) and mean

daily solar radiation,

207

Erar (mg/keal)

! L L
June | July | August | Sept.

Date

Fig. 42. Changes with time in Epar (density
mean) of each variety on the assump-
tion that the mean daily solar radia-
tion is at the 230 cal/cm?/day constant
during the growing season.

Note. Symbols are the same as those in Fig. 38.

L AT, Erar OFEHPEILIL, K, MR CIXER
BRAERE ¢ — 7 & i 5 —THHSE OHR 2 R0,
EG TR E— 27 PPETRARL, BESHMOHRBLYR
T ERIER LI (B4 E), Erar (3 FDOEEGERL,
ASMBEC X > TELTAZ EXMSL AR ILob s &b
b, TOEGFHER, BHBEOEEL L b5
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i % BB B, T C Fig 4L ek LBl B
W, AT D B SERE S 230 cal/cm?/day (1/a=
1.0 OREOEH B HHE) L E LICBE S B4 RED
Epar (BERAZC LI-FHHE) 2BEHL, TOHBL
Fig. 42 i L1z,

CREDWT LB &, Erar OHBIL, FAFETRLL
LD LIETRAD, ETLRTH E— 7B LT
B, &EY, FBREE bBBEIICRERK L —THIR
OB FRT E0bhb, Bk Erar i3, THRE
TELUL G- 7ohy, EEMME R LIS EL g L
C2%5 &, -FBEEEE 151, Harosoy 14.7, S/ 13.3, B
F 9.5, KIFLHE 9.9, - 4 12.0 mg/keal TH
oiz, Wi LA X 91, Erar ixE & ULTHIEHRI &K
LB L TEHT AL D EELLRDL, SHEHM
FOEY Epar i3, Ks BB LA XErHE WD
D EHEEINT,
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=R AF RIE E T OMROME LD 2R, KT
ENE, HE EORIC RN BEENDER, IEOE
NAX S LTWA T AR Ehi, KRBT,
= FVFE —RILENL, TR O LAD 2 AR
LFIRE SRRERBICHEB T SO LUEL, 1HTE
O LAIL HSEBR ICZHERNOREH LT &b,
WA EHT Erar ONEIIERMITE OB EN D
b2 B ENTES,

WE, (6) RICHALIFR (4) & & 5T,

AW AW 4t

Erar = JPAR = “4r "APAR
&5 L, AW/4t=CGR=NARXLAI T% % » b,
Epar 30 E¥ED L5 ELINS,

— At
Fpar = NAR X LAIXW

APAR
= NAR+ 7, TAT

N LAL—LAT,

MR LBG 2T X 51, Erar 3 NAR % 3 (LK

R, BB 7o b DRI = A F —E TR o d DT
HERCERRT 2 & i {HRCERLI=3 0 F — ik
ZLEIhTWA I &b, EELT, BHELBRLT
B RIEY DETENEREET) & Ko R NF - DEZIEH ~
DHEOAH (BRI X - THREZRZ DD LEEL
BB, B, FED 1L, =fF—FIRMEK (E) &
HHEORNTOXBPEEE Py & ofc F#is IEOHHN
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BHHBE EEEHLCS, Erar i, Eu &R UCA% %
BATHS i lgh 4000 ey —kale kT35,
Epar i 04 % FUB LR X7 PAR Yo hD=x
X —FIREIR (%) L] & &b, FOff, NAR

CHAGEEAEE L <A LD XRBEL TV 28D &
HEE S h, BEXENORELes 5, —licis, Xa
BRI B IERMERAE O%lE (C/F) M4 5 4%
®ATl, PRBEESBIHE LT C/F 2% Epar DOZBHER
LB ENXTHENBD, ARERTIL, Erar & CF
DM A ELHBRED S ot

EEHEFORY Erar i, WThOEHCRLTH
Ks DPNZNTEERKRE L KFRLBIF2f8E T Erar
DERTHC N D2, LaL, BhELABR
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PRWICDHEBARCRIRSh 5 & Lin {ReEBRS R
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M E OB FET S Lo L Bbh 503, FiE Tl
Nfc ko, MHEETORWEZRTL, K (@S
Ht E R K= oL F - DA X HRINEIA %, K2
W RCRIL S hic=F A ¥ — DFASRYEHT LD
EEBZDRD T LD, SERBHERE L6 E 0B,
K & K OWEH» LR 208 Rb 5, Ko rrd—
OB L FIBHROBEN S 25 &, Ks DR E <, Kt
W phE W ERHE L, 20k gyt
i, FTREEAKRE SKFT, LAk EERNEL,
B LI B REERTIDEBLLNR S,

BLEBRTE LS, KRG TRV, €
3K, ERMITE COEECH - RS RO
~OMEBLFMTEL L anibd b, TD L,
T ORI, BRI OFHBIER T T,
BABE, KBGO R MR, SO BRI
BTELLLERLTV%, ¥, OB ILE
WERILC &b, 5%, BSRAR 3T 5 BB
Ehb,

i T

AR CHE LBERBROBNERC, SElioff
PRIER Y = 4L F —RINE & £ OB EERR ORI
BT RTT - 1,

L AEEDIEHECE LVESRRD B R, T0
E =R AF -RINBOBIC, BROEI KX B
ELTWBZERHbNEL -T2,
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BV BEGR T < RBHERIE IS & 5o 2 TSI E T
L, COBERERARDOHMRPEBE L - THE LD DD
IR,

3. HBEHTCRT 51H), SREOEREINL, FER
BECHAGCORT & e RNTRCZ IR L O ASHE
HHAZALZ L XD, X ORRRAEEIA e & e
ERBELEMNET ST,

e W®

Db, St EETH O 2o BB, RO L E R,
b CRHHFH OV TH L LS, &2 Tifs
bRICHR LT 3 (Fic i) 5B, B Lo
BEE > THREL TR B,

1. BHEERENOHCEE FiELoMES

FIBTHLAR LI IR, KERIOWER, B
WHRERIMRIE T, REERETHLEL, £BEHEIE
WOREITH S, TEAEEIEIENOERCEKTT
DEEGLE I E0D, EAME VLTI, RERFEF
KOFRLERSIREMCELA IR, LB ER
BRI e » Tilke T 5 BER SELKs BT o
EHEAEEEL BRI,

oz kix Table 23 wiRd X o, ROBEOTIEH
i & Wil AILEOHEHC IR Bbh Tk b, KE,
ANELRETLC I ~NEBRIAIR & &, AR ERME
WO E#ET, KT 177 t/ha, /NF T 142 t/hhawd
RS, Uiedio T, TR TR, BT S
b, WG ERLHRBELRORIMGELHERE T, Eamn
A FRHH, BEFOWHIBLETCHL D, i, K
Bz Lienih, MEROIE RO ERNEE L
BN, BIBCHEMLLCI S, P4AERBTEL
FREHEEL D, LIhoT, Z0EHI ST T
BRETEOEEEIVRCRHET 2 BER S b, B
{EEIe DT HSEBE LTI R B R,

Table 23. The average grain yield in Hok-
kaido during 1971 to 1980

Grain yield (t/ha)

Crop —_— 7 GV
Average Max. Min. (%)

Soybean 1.84 277 1.00 23.5
Azuki bean 1.52 2.16 0.74 26.8
Kidney bean  1.81 211 1.49 12.6

(Statistical Yearbook of Ministry of Agriculture,
Forestry and Fisheries)

=75, RS CHEAERIBOEEE T
3, RER S SRR OIEKEE AN EIRE Rz
EFHRAEEDRMET L, EREGEIBATEHE? S
SRR AR T B0, BRAMLBEOIED N LA
DR, MIFMER BT R S S E T 5. &
DR, 8 3B THIRR Lic X 5, BTEROaus et
DEBHAR b DR L D e\ LT L B4
WHEROBEFBRLE OB B ERbR B, KH,
AINEL EEGRNE L o EEFEEC XY, RiEEE
PP CT LY TH BH, ETREREEEI D
GABRIE & DSBS BBV EPEHI RT3,
Efe, EQRAE, DNECHNERET, SRR
ORI, WERES 278 D EGEE (95 cm) Rl
CRELIBDBEARRDB NI, TREDZ Ehb,
AN I B TR AREVET T, BRLED, &
ORI L IR ORI EE L E2 b h b,

2. HEOREREH,NDAHI-ER, HELOMES

FARTHLPC LI Sie, BT, DH EE
T U CRBRER I LT B T E b, FD
FEERICH RO RS & FECBIE L T 5,

Fig 43 wFENREOFEMI & 4 7x 5 T{LiED v T &
D&, K &N, FE EOBCIINE VSATE LW
ENRDLRBD, KH, ¥EE T3 16 F{Efk/ha, NG
Tk 8 Jiflth/ha OFE CIREWRIIER KLY, *h
X OERMTRLoRmDTED, BEALENRDLR

6

(t/ha)

vield

Dry grain

10 20 30 40 5
(x10%)
Density (plants/ha}
Fig. 43. Dry grain yield (t/ha) plotted
against population density.

Note. Symbols are the same as those in Fig. 38.
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T, Fhe, K2 EEOHBE SRR
K& B BEEE TORMHK 2\ idd, BEE LTOo4%
EHOE NSO (b PR CoOULE) 25, BlLHT T
LT LASRATRE I Eavbird,

NE—EERIGE KEOTHRYE & NEOT/NL 2
& oTEE S TARE E (Fig 4), ZEDOH
B, S/0FLC 25 B /ha THRINLEHT b L Tn B D
FEEIEIEHE b o USIFERA ML Tk
D, foo 4 FfEDL, FHREELRFORGERLI, —
55, SEOWEL, -FERER 16 T/ ha, TR
8 HfHfAk/ha X pEHEAICABCE I LTEY, —Hc
KT, 53 16 5k /ha, /B2 8 HiEM/ha # i
Prpz EHbLMRER ok, TRLDERE, NED
RS SEAERE EF SEORIGE X - TRED
Fohss EERLT B,

TH, AECAERE (KR LREHE @) %k
BETaEThrz &b, LROBBREERL D
H & DBEFEA LB L THS L, FEONELEED
TS b OFEIRE ORI, B, R BELIAL
U r=0.937%* OIEDHBENEEL, MEFOMITIT
HEHBERSRDE N, —TF, ST, HEPLLE
RULFAE 6 R A fEE & b BFEACIERRS 1 » o8
HBIBA T 5130, HiMieh OTHEEDRGETT
AHEEIBD ORI,

Total

(t/hq)

Branches

ornin yield

Dry

10 20 30 40 (x104)

Density (plants/ha)
Fig. 44. Response of grain yield to population
density in main stem and branches for

Tokachinagaha (solid) and Takarashozu
(broken).
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BT 20 A~ EHE&HT CHR AR TS ETEDL
BTHEFNIEH LT B, B B3 13, KT
TAZMICIEN Lo 28 OrEbikR) & 08! (FEo
L) Tk, B Cra B, B =R LN C
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DA BB B AN, (LEMBERC X -TET
LEEDNROB KB LILLDEELBRS,

DEDRRERAETS L, BEHEMEws Lt
DEBEONEMNEE L, TOWME KRS =
ER—HCTREECATIHEEEEE I C L&y, T
U D ONERI ST L SR LI, LT,
KE, PE, FTrRVTE, BEBLELEDL LT
EXHOMBP oMM, Hf b OFEFEOMME X 05y
BB LR E T BRI ER Y R T 24 7 (B
PHBEENT) REHT L L X D BEEHAAOET
BEAPRE B LOBRHOEE LS5, ¥, B
BRI AR O BRI L U TR E » R SBEN
» 0, FEOAEOFRLREEFEMAEEGEFE
CEBENAIBEINRI 5, ZDiEh, FBHEEIGHT,
FEE P O 6B A BT 5 BRI IR DT IR
CrEoThbBEABLDEELONS,

3. EYEESHENSHISEROMER

RHE® 13, ARMY 60 [{EIEIR OB %3 &
©, BREEMEIICATT -4 E EOEEEC >
WTER L TWABR, REBRICEREIRL 3 >OBH, T
et [FEEROIA—E 1 &R, MMM oR-—2
B 3 LU AR AR—F 3BMH ] wLih
>C, KF, WNE, EGORMEBERFED b RIS
COWTEEE M TBE L,

EBHE R Ih ek = 2 v F ~ 23R X <Rk
W3 BEHRT, Wik LTRSS T 500,
BEEN EORARRETH Y, M F, bveeay
e EOTEY T, ZIBERC X b ERBA B IR TE
Toe LnUTetib, KE, /5, FEFET, F4ETH
e Lok b, SRAEE EHEHEE) LTk
EICHERREOREIZ I L TR D, B OBEELET
TIIF IR K EN RSB LRy, 95% Lk
DIEH BRI % BT (3~4) B % B iThER &
nB, ¥t hbOEIBREIC X 5 EFBELT 5
ENBIERDOED NI, BROLHIL, bLAE
FEOBEL LB EHLIERT L 5 TREEYROET R
BRI X hRIT B a2 H B, LL, SHHEEFK
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B WA IS EOBIA (18~32%) i3, 1Eh
WL k@ 33~40% (RER) CHNTEL, wiidED
BRI XE, NE CRBCEER Ry R TR &
DREDLDTEHETHSZ LIRS INRD,

BT, M) 3, KER R TEERIEO BEER
DV LT3, KEW, BEWIIKA S LEOELI
L Te o TRAFEEN SR T 5987 55, & hud
AR EERDER, 7 v e 7 4 L, BAREDOHE Y LD
KoTkY, BRTFEREOEE source THBHI L
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W 517 2REDXALE R ¥ B & LI & D HABHEE
RS 1 R L), I CABREORELE
FERBCIEZ 52 L1 tBHZ RS HLDEE L BR
bo BRI B B HABEEDOZ M s K T, Erar
OB (Fig. 42) 2262C, /4E, FEFbIg Lotk
WeBrbhD, ¥, ¥ CRERBLAREIO AKX
WEERRAN SR, A B HRPCEER, MR S AR
THE EnE, BT 5 ERENEMN VTS
BEIbHHTAMLERSD I,

B9 T, BMREOR CAZBEFRECZ RO Lk
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B2ETH L Ak X O, BH3EWL, TOEE
D, RGO BRI b 2o CRE B b LB
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WBEE L S HIR & 57899,

KRBT, EEEFRICHEL, B h~3En
PNEL, ERLRHECREORBOMA XL TR
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DR AFETRE L, EMERIERNZ Y,
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ko, K&, NE, RETE, PREL»LPPE
FLOIENK E L OB, LvL, EGONEMFE
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TORENERH R LotEE LS 5,
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G E A EHRRD L, AR S, AR B
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AR L s, BRI LEOERREE
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BHBIFEOKRE ZRH L v b TOABTE S BEN
BudonbEzbhis,

~ ABMEH T, EoFMCARTASETS Z &5
fﬂB)f’L'C% 938,39,86,119,123), )”m‘%%,SB) >t @ X 5 f;ﬁ@
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Summary

During the past twenty years the average grain
vields of the three grain legnmes, soyhean ((Glycine
max Merr), azuki bean (Vigna angularisy and
kidney bean (Phaseolus vulgaris L.), have increased
about 9%, 24% and 36%, respectively, but their
yield levels are only less than one half, when com-
pared with the yield of paddy rice which have
remarkably increased after the second world war.

There are little information at present to eluci-
date the reasons of low productivities for these
crops, so that more fundamental and detailed ex-
perimental researches are required for breeding

high-yielding varieties and also for improving cul-
tural practices. The objectives of these studies are
to clarify the growth pattern of the whole plant
during its ontogeny and the behavior in plant com
unities in terms of dry matter production and
plant type, and to make clear the limiting factors
for their grain productions. The main results ob-
tained in each study were summarized as follows:
I. Differences in the early vegetative growth in

relation to seed size and character of cotyledon

Differences in the early vegetative growth were
analyzed in relation to their seed size (weight).
Seeds of five varieties (strains) with different seed
weight in each crop (Table 1) were sown under
the field conditions (40 cmX20cm, singling), and
the dry matter decrease in seeds (cotyledon), and
the increase of dry weights and leaf areas in seed-
lings were measured during the month after emer-
gence.

1. Alihough kidney beans and azuki beans con-
sumed reserve substance about 95%, on average,
within the 10 days after emergence, soybeans con-
sumed it only 70%, and the dry weights of their
cotyledons changed little during the 10-20 days
after emergence (Fig. 1 and Table 2).

2. The efficiency of conversion of reserve sub-
stance to active plant body (economic ratio) was
1.5, 1.4 and 0.9, on average, in kidney bean, soybean
and azuki bean, respectively. In soybean, it was
lower in the varieties with larger seed (Table 2).

3. Both the dry weights and leaf areas in seed-
lings at each sampling date showed highly positive
correlations with the initial seed weights. The r
value with the consumed dry weight, however,
were higher than that with the seed weight itself.
A highly positive correlation coefficient was also
obtained between the dry weights and the leaf
areas in seedlings over crops, varieties and sam-
pling dates (Fig. 4).

4. Growth rate was closely related to the mean
leaf area, but not to net assimilation rate during
the month after emergence (Fig. 3).

5. Relative growth rate and relative leaf area
growth rate differed little among varieties and/or
crops. These parameters including net assimi-
lation rate, specific leaf area and the distribution
ratio of dry matter to leaf were not correlated
with the initial seed weight (Table 3).

6. In soybean, the cotyledons of the two va-
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rieties with smaller seed were maintained for longer

period and their dry weights increased slightly

during the 10-30 days after emergence (Fig. 1). In
addition, specific cotyledon area (cm?/g) and net
assimilatin rate were higher in these varieties than

in other ones with larger seed (Table 4).

7. The compound interest law existed in the
seed-seedling weight relationship during the month
after emergence (Fig. 2). The differences in the
early vegetative growth among varieties and/or
crops depended mainly on their seed size, although
there were the differences of the consuming ratio
and the economic ratio of reserve substance among
crops.

II. Relationships between vertical distribution of
leaf area and some morphological characteris-
tics

This study was aimed to clarify the differences
of plant types and its relationship with morpho-
logical characteristics. The length and angle of
petioles and the leaf area of trifoliolate leaves
on each node were measured for two, three and
four varieties in soybean, azuki bean and kidney
bean, respectively, under the low population density
(60 cm X 45 cm, singling).

1. The varieties examined could be classified
into three different plant types according to their
mode of the vertical distribution of leaf area. The
leaf area distributions for Tokachinagaha (deter-
minate, soybean), Harosoy (indeterminate, soybean),
Maruha No. 1 (late var., azuki bean), Taishoshiro-
kintoki (dwarf, kidney bean) and Tokachishirokin-
toki (determinate bush, kidney bean) were a table
type, but those for Takarashdzu (early var., azuki
bean), Tsurushozun (viny, azuki bean) and Kairys-
otebo (indeterminate viny, kidney bean) were oval
or barrel types. On the other hand, Ofuku (pole
type, kidney bean) had a leaf area distribution
which becomes greater towards the base (triangular
type) (Fig. 5).

2. Angles of petioles changed throughout the
growing season in all varieties (examples in soybean
are indicated in Fig. 6). At the top-most leaf ex-
panding stage, there were the specific trends in
the frequency distribution of petiole angles at each
layer. In soybean, number of petioles which
showed an upward wider angle increased gradually
from the base to the top. In contrast to this,
almost all azuki beans and kidney beans except

Takarashézu showed the opposite trend with soy-
beans, that is, petioles which had .an upward wider
angle were distributed more in the base than in
the top. Takarashozu showed the same mode of
the distribution at each layer. The viny types, Tsu-
rushozu, Tokachishiro-kintoki and Kairys-otebo,
had more petioles which inclined downward than
the non-viny types (Fig. 7.)

3. There were positive correlation coefficients
between the petiole length and the leaf area of
trifoliolate leaves on each node{Table 5). In almost
all varieties, the‘petiole length and the leaf area
both were greater on the middle nodes than on
the base and the top, but those of Tokachinagaha
became greater towards the top (Fig. 8).

4. The movement of petiole inclination was
considered to play the significant role in the
vertical distribution of leaf area in these crops.
II1. Differences in dry matter accumulation pat-

terns under the low population density

In order to know the potential productivity based
on an individual plant and its relationships with
the growth habits, dry matter accumulation pat-
terns of the three crops including twelve varieties
(Table 6) were compared under the low population
densitiy (60 cm X 45 ¢m, singling),

1. Varietal differences in dry weight of vegeta-
tive portion became remarkably after the flowering
stage in each crop. Indeterminate and late va-
rieties produced more vegetative organs than de-
terminate and early ones (Fig. 9).

2. The overlapping period of vegetative and
reproductive growth were about 30 to 40 days, and
the distribution of dry matter produced during
this period was closely related to the determinancy
and/or earliness; the pércentage to vegetative por-
tion was higher for indeterminate and late varieties,
and that to reproductive portion was contrariwise
higher for determinate and early ones (Fig. 9 and
Table 7).

3. There were little differences in the number
of leaves and dry weight of main stem among azuki
beans. The total dry weights which were larger
for late varieties were attributed mainly to the
differences in branches so that the main stem ratio
in dry weight (%) was lower for late varieties,
especially for viny types (Fig. 10)

4. The leaf area expansion rate in the early
vegetative stage was lower in soybean and azuki
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bean than in kidney bean (Fig. 11). These two
crops also had longer growing period and their
grains were produced largely during the later
reproductive stage (Fig. 9).

5. In kidney bean, the leaf area of indetermi-
nate varieties increased rapidly during the overlap-
ping period, but decreased hastily during the later
growth stage. These decreases in leaf area were
accompanied with the decreases in net assimilation
rate (Fig. 11),

6. Two peaks of net assimilation rate appeared
for some varieties of each crop. One occured at
the initial branch-elongation stage just before
flowering in each crop, and the other at young pod
stage in soybean and at pod filling stage in azuki
bean, respectively (Fig. 11),

7. Grain yield per plant was positively cor-
related with the growth period, number of nodes
per plant and the maximum leaf area (Fig. 12).
The grain weight per maximum leaf area (g/m?)
was, however, lovs;er for indeterminate varieties
than for determinate ones in kidney bean (Table 8).
IV. Dry matter production at various population

densities

In order to evaluate the potential productivities
in plant community, the two main varieties in each
crop, Tokachinagaha and Harosoy in soybean, Ta-
karashozu and Akatsukidainagon in azuki bean and
Taishokintoki (dwarf) and Tokachishirokintoki in
kidney bean, were grown in the equidistant square
pattern at five population densities (Table 9), and
dry matter accumulation were analyzed.

Soybean ;

1. The maximum dry matter production was
1,205g/m? at 25 pls./m? for Tokachinagaha and
1,123 g/m? at 16 pls./m? for Harosoy at about 120
days after planting (Fig. 13).

2. With increase in population density, dry
weight of branches decreased remarkably compar-
ing that of main stem, and it resulted in varying
the branch-main stem ratio in plant communities
(Fig. 15 and Fig. 16).

3. The relative light intensity at the bottom of
the canopy was associated closely with LAI, over
varieties and stages. The regression values (Kj),
however, became larger in the later growth stage,
and those of Tokachinagaha (narrow leaf type) were
slightly smaller than those of Harosoy (round leaf
type). The LAI required for 95% light interception

was in the range from 3 to 4 (Fig. 18).

4. The leaf area distribution was an inverted
triangular type for Tokachinagaha, but a uniform
one for Harosoy at the lowest density. These were
attributed to the differences in stem structure
and petiole inclination. Tokachinagaha had the
branches elongated relatively apeak along with the
main tem and the petioles rose from the base to
the top. But Harosoy had the inflexed branches
and vertical petioles, These differences disappeared
gradually with the decrease of branches with in-
crease in population density (Fig. 19).

5. The decrease in NAR with increase in LAI
initiated from LAI 0.3 (Fig. 20). This fact was also
confirmed in the LAI 0.06 to 06 for Harosoy in
the early growth stage.

6. LAlIope. and CGRmax. varied with varieties
and stages (Table 10).

7. CGR was closely related to the photosyn-
thetically-active radiation (PAR) intercepted by
plant canopy (Fig. 21). However, the efficiency of
dry matter accumulation per unit PAR intercepted
(Ersr, mg/kcal) changed with the growth. FEpagr
attained to a maximum at the young pod stage (near
the maximum leaf area stage) and then decreased
(Fig. 22).

8. Significant simple correlation coefficients
were recognized among LAlgp;., CGRmax. and
Epar, but a partial correlation coefficient was sig-
nificant only between CGRmax. and Epar (Table 11).
CGR showed a highly positive correlation coeffi-
cient with Epar throughout the grain filling period.

Azuki bean;

1. The maximum dry matter production was not
different in the densities over 16 pls./m?, irrespective
of variety, and was about 620 g/m? (Fig. 23).

2. With increase in population density, dry
weight of branches decreased remarkably as same
as in soybean and disappeared at the highest den-
sity (44.4 pls./m?) (Fig. 24).

3. CGR and LAI during the growing season
shifted higher with higher densities in Takara-
shozu, but were relatively constant over densities
in Akatsukidainagon (Fig. 25).

4. The K values differed between varieties, and

-the LAT required for 95% light interception was

5.0 and 3.3 for Takarashozu and Akatsukidainagon,
respectively (Fig. 26).
5. Takarashozu had typical table type canopies
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at each density. Contrary to this, Akatsukidaina-
gon had the highest leaf area density at the middle
of layers at the lowest density, but transformed
into the table types with increase in population
density. When compared with soybeans, azuki
beans had the branches bended broadwise like an
umbrella, and the number and biomass of branches
decreased rapidly with increase in population den-
sity (Fig. 27).

6. The decrease in NAR with increase in LAI
intiated from LAT about 0.3 in azuki bean (Fig. 28).

7. LAlops. and CGRmax. varied with varieties
and stages. The maximum values of these were
lower than those of soybeans (Table 12).

8. The changes of Epar with season progress
resembled to those of soybeans, but the maximum
values were lower in azuki bean (Fig. 30).

Kidney bean;

1. Total dry weight was highest at the highest
density, although the differences between 25.0 pls./
m? and 44.4 pls./m? (the highest density) were very
little. The maximum dry matter production was
641g/m? and 734 g/m? for Taishokintoki and Toka-
chishirokintoki, respectively (Fig. 31).

2. Dry weight of branches decreased remark-"~
ably with increase in population density, but the
decreasing rates were smaller than those of the
other two crops (Fig. 32).

3. CGR and LAl shifted higher with higher
densities. The NAR which was lower in higher
densities declined with season progress, but rose
temporarily at the middle of July (Fig. 33).

4. The K value was lower for Tokachishiro-
kintoki, and the LAT required for 95% light in-
terception was 2.9 and 4.2 for Taishokintoki and
Tokachishirokintoki, respectively.

5. The decrease in NAR with increase in LAI
initiated from LAI 05. The decreasing rate was
higher for Taishokintoki with higher Ks value
(Fig. 34).

6. LAlops. and CGRmax. were higher at the
middle of July with larger solar radiation. The
values of LAlops. were higher for Tokachishire-
kintoki, but the varietal differences in CGRmax.
were very little (Table 14).

7. Epar increased gradually up to the middle
of July and then decreased for Taishokintoki, but
were relatively constant for Tokachishirokintoki

(Fig. 36). The mean Epar during the middle of
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the growing season did not differ between varieties

and stages (Table 15).

From the results mentioned above, the three
grain legumes were suggested to have the following
common characteristics; 1) The branches play the
role of compensation for plant area, but the number
and biomass of branches decrease drastically with
increase in population density, 2) CGR is closely
related to Epar after the canopies closed, and
Erar decreased rapidly during the grain filling
period.

V. An analysis of the productivity among the
crops on the basis of radiation absorption and
its efficiency for dry matter accumulation

The differences of the productivity among the
three crops were analyzed in terms of radiation
absorption and its efficiency for dry matter accu-
mulation, using the data obtained in the dry matter
production-population density experiments.

The photosynthetically-active radiation (PAR)
intercepted by plant canopy (4PAR) during the
experimental period (£;—#) was calculated as

L2
APAR = $ 0.444-5;(1—exp~As LATi)

=t

where 0.444 is the proportion of full spectrum ra-
diation in the range 400 nm to 700 nm; .5; is daily
solar radiation; K is the light-interception coffici-
ent; LAI; is daily value of leaf area index calcu-
lated assuming that LAI increased exponentially
from # to . The light-interception coeﬂicieqt was
given by

Iy = exp—l\'s-LAI

where Iy and I are the light intensities at the top
and bottom of canopy, respectively, and the Ks
value of each variety was estimated from the data
measured three times for five population densities
during the vegetative period.

The efficiency of dry matter accumulation per
unit PAR intercepted (KEpar, dry weight mg/kcal)
during the experimental and/or the full growing
period was defined as

Fpar = 4W/4PAR
where 4W is dry matter production and 4PAR is
the amount of PAR intercepted. Epagr also could
be described as

Epar = NAR/(4PAR/LAT- 47)

LAI = LAL—LAT/In{LAI,/LAI)
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where NAR is net assimilation rate; LAT is the
mean leaf area index; 47 is the number of days
between # to #; LAl and LAI, are the leaf area
indices at time 2; and #, respectively.

1. Fhe maximum dry matter production in
azuki bean and kidney bean were about 50-60%,
on average, of that in soybean (Table 17). The
maximum values for CGR, LAI and Epar during
the growing season were higher in soybean (Table
18), indicating highly positive correlations with the
maximum dry matter production (r=0.989%¥),

2. When plotted disregarding crops, varieties
and densities, dry matter production had signifi-
cantly positive correlation coefficients with 4PAR
and Epar, while it was related positively to LAD,
and negatively to NAR (Fig. 38). A simple correla-
tion coefficient between 4PAR and Epar was not
significant, but a partial correlation coefficient
between them was highly negative (Table 19).

3. The differences in total and pod+seed dry
weights produced during the grain filling period
were in the same order as that exhibited in the
maximum dry matter production (Table 20). During
grain filling both total and pod-+seed dry matter
productions increased curvilinearly with increase
in 4PAR, but linearly with Epar. Takarashozu
differed from this relation because it did not reach

the LAI value required for 95% light interception

except under the highest density (Fig. 39)

4. The very close regressions of CGR on Epar
were found among the stages with different mean
solar radiation, disregarding crops, varieties and
densities, for which LAls are more than the value
required for 90% light interception (Fig. 40 and
Table 22).

5. Epan decreased curvilinearly with increase
in light intensity (the mean solar radiation during
the experimental period), regardless of the values
of Epar (Fig. 41). The revised values of Epar
were calculated from the equation shown in Fig.
41, assuming that the mean solar radiation is as
contant 230 cal/cm?/day during the growing season.
They increased with time, reached a peak at the
young pod. stage (near the maximum leaf area stage)
and then decreased in all crops and/or variaties
(Fig. 42). The mean values of Epar (the revised
value) during the growing season were, on average,
14.9, 11.4 and 11.0 mg/kcal for soybeans, azuki beans
and kidney beans, respectively.

From the these results, the differences in pro-
ductivity among crops and/or varieties were sug-
gested to be partially due to the differences in Epar.
Epar might be influenced by (1) the potential pho-
tosynthetic activity of leaves, and (2) the distribu-
tion of solar radiation over leaves (light extinction

coefficient), of plant canopies.



