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Table 1. Number of days from sowing to first flowering and maturation.

. No. of days from sowing to No. of days from sowing to
Cultivar . .
first flowering maturation
Kan-nari No. 1 36 113
Akishirome 41 119
Tamanishiki 48 132
Akiyoshi 48 140

Table 2. Morphological characteristics at maturing stage.

Stem length (cm) No of nodes No. of branches
Cultivar
M* P S M P S P S
Kan-nari No. 1 53.2¢ 259 24d 13.2b 34c 4d 12.8b 4.0d
Akishirome 43.4d 221d 43¢ 1 13.2b 30¢ 9¢ 10.0b 8. 4c
Takanishiki 107.6a  348b 56b 20.0a 41b 13b 11.2b 11.0b
Akiyoshi 77.6b 429 94a 18.8a 6la 29 18.8a 26.2a

% . M ; Main stem, P ; Primary branch, S; Secondary branch.

Data with the same letter are not significantly different at 5% level.
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Fig. 1. Changes in dry weight of each organ Arrows show the first flowering stage.
R :roots, ST : stems, L :leaves (living), FL : leaves (fallen), P: pods, SE : seeds
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Fig. 2 Changes in crop growth rate (CGR, A), net assimilation rate (NAR, B),
and leaf area index (LAI, C).
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Symbols are the same as those in Fig. 2.

%, %k ! Significant at 5% and 1% level, respectively.
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Table 3. * Yield and ifs components

Cultivar No. ofzpods i‘;d‘;f ber ioed(s)fper il:;dred Seed Zield .Harvest
per m m? pod weight per m index
g g
Kan-nari No. 1 798b 1407b 1.95a 30.4b 428b 54 3ab
Akishirome 675¢ 1161c 1 90a 27 Tb 322¢ 38 1b
Tamanishiki 563d 984d 1.84a 42.2a 416b 37.8b
Akiyoshi 1051a 1987a 1.89a 24.2¢ 481a 45 .8a
Data with the same letter are not significantly different at 5% level
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Fig. 4. Changes in photosynthetic rates (P;) of each leaf (terminal leaflet) on main stem and branches.
I Julyl2, T :Aug 3, I :Aug 18, NV : Aug 31, V : Sept. 25,
M : main stem, BP : branches on the node of primary leaves,
B1--B5 ! branches on the nodes of 1st-5th trifoliate leaves on main stem,

1 —13 : nodal position on main stem or branches.
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Fig.5 Changes in mean photosynthetic rate (A) and total photosynthesis per plant (B).

Growth stages (I —V) are the same as those in Fig. 4
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Table4 Correlation coefficients between the photosynthetic rate and the various factors.

Growth stage

Factors

I I il v v
Solar radiation 0.471 ~0.222 0.109 0.085 -0.333
Leaf temperature 0.108 -0.528** -0.585** -0.645** -0.296
Nodal position 0.090 0.492 0.691** 0.882%* 0.620
Branch position _ -0, 492** -0.359* -0.292* 0 039
Chlorophyll content 0.229 0.739** 0.692** 0.435** 0.421**
Stomatal diffusion 0.563 0.901** 0.934** 0.901** 0.643**
Transpiration rate 0.905%* 0.650** 0.815%* 0.787** 0.634**
Stomatal resistance -0.453 -0.779**  -0.784**  -0.601**  -0.647**
n 5 30 48 65 51

%, %% | significant at 5% and 1% level, respectively.

1 —V are the same as those in Fig 4.
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[, I, Il :treatment period (see Table 5).
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Table 5. Effect of day,/night temperature on flowering and growth period.

Treatment Day,night temperature (‘C)
period* 30/30 30/25 30/20 30/15 25/25 25/20 25/15 20/20 20/15 15/15 LSD**

No of days from sowing to first flowering
C 35 0.3
I 39 35 35 48 35 39 48 42 50 54

No. of days from first to last flowering

17 18 13 11 20 17 11 14 12 10
I 10 20 21 21 18 22 22 21 26 16

No of flowers

Cc 132 6.5
I 192 102 99 169 139 115 157 87 & 96
| 128 140 103 112 155 177 147 156 124 73

No of days from sowing to maturing

c 107 3.1
I 103 106 104 109 - 106 109 108 104 106 109

111 109 110 99 92 106 98 108 110 115
i 125 107 106 99 112 94 97 96 103 96

% C:Control, I ;July 5-July 29, I ; July 28-Aug. 22, W ; Aug 22-maturing.

#x . Least significant difference at 5% level.
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Table 6. Design of the shading experiment

Plot Treatment period Growth stage
C —— —_—
L1 July 25—Aug. 7
e u8 Flower bud formation
Hi (1-1m
L2 Aug. 8—Aug. 21
ue ue Early flowering
He (1—1m
L3 Aug. 22—Sept. 4
ue e Full flowering
Hs (M-
L4 Sept. 5—Sept.18
e e Late flowering
Hy (N=-V)
Ls Sept.19—0ct. 3
e ¢ Young pod development

IL.:48% of solar radiation shaded, H: 76% of solar radiation shaded, C: untreated control.
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Table 7. Effect of shading at various growth stages on some agronomic traits

Treatment Growth stage

plot I Il il v v Vi Vi

Length of main stem (cm)

c 23.5 418 70.7 83 4 85.4 88.8 88 3

L1
Hi
L2
Ha
L3
Hs
L4
Hy
Ls
Hs

.0 1125 1383 1165 1200  162.3
137.8  163.3  158.8  161.2  162.
83,7 1005 1045 98.0 99.
1440 1395  143.0 143,
i 90.0 89.5 9.

108.8

—
o

OO oo

NN O WW O O UW

No of primary branche
2.5

w

C

L:
Hi
L2
Ha
L3
Hs
L4
Hy
Ls
Hs

5

5.
6.
2.
4.

KO w ot o N

2
0
0
8
5
8
3
3

BN TN
WO OWWUIO KU WD

Leaf area (dm*/plant)
131 23 3712 457
20.8 30.3 46.1

C .

L1 w w129
Hi SR |
L2
H2
L3
Hs
L4
Ha

Total Dry weight (g, plant)
C 1.8 8.9 16.6 28.5
L1 14.2 22.6
Hi
L2
H2
L3
Hs
L4
Hs

13,7

The symbols of the treatment plot are indicated in Table 6.
Stage: 1 ;7,725 1;8,/7, 11;8721, V;9,/4, V;9,718 W;10,/3, VI;10,17.
Treatment period.




Table 8. Effect of shading at various growth stages on crop growth rate and net assimilation rate.

Sym

Treatment Growth stage
plot I—1 I M-V V-V
Crop growth rate (g,//plant, week)
C 3.82 3.17 6.41 7.75
Li 280 2.97 5.34 7.60
Hi
L2 6.17 5.50
He
L3 6.10
Hs
La
Ha
Net assimiration rate (g//dm?/week)

C 0.183 0.260 0.188
L1 0.179 0.212 0.202
Hi
L2 3 0.246 0.146
He 097
L3 0.151
Hs
L4
Hy

bols of the treatment plot and growth stages (1 — V) are indicated in Table 6

. Treatment period.

Table 9. Effect of shading at various growth stages on yield and its components

No. of

Hundred

Treatment No. of No. “)f Podding No. of Seed
‘ . fertile ‘ seeds seed * o1t
plot flowers pods* percentage per pod weight seeds viel
% g g
C 219a 59.0a 26 9c 1.73b 21.4b 101.7a 21.8a
L; 182be 60. 0a 33.1b 1.50¢c 21.6b 89.8ab 19.4b
Hi 136d 58.8a 43.4a 1.63be 19.1c 95.8a 18.3b
L2 173¢ 49.0b 28.4c¢ 1.65bc 22.9a 80 8¢ 18.6b
He 191ab 42.3c 22.1d 1.86a 18.7d 78.7¢ 14.7d
Ls 219a 49.8b 22.7d 1.70b 19.6¢ 84.5b 16.6¢
Hs 219a 51.2b 23.3d 1.68b 20.0c 85.8b 17.2¢
L4 219a 41.8¢ 19.1e 1.70b 19.9¢ 71.2d 14.1d
Ha 219a 43.8¢ 20.0de 1.70b 20.6bc 74.3d 15.3d
Ls 219%a 55.5ab 25.3cd 1.57¢ 21.8b 87.0b 19.0b
Hs 219a 52.0b 23.7d 1.65bc 19.6¢ 86.0b 16.8¢

Data with the same letter are not significantly different at 5% level
Symbols of the treatment plot are indicated in Table 6.
% : per plant



Table 10. Correlation coefficients between each yield components.

No. of No. of  poyging No. of Hundred No of
‘ fertile seeds seeds
flowers pods percentage o0 pod weight seeds
No of fertile pods -0.331
Podding percentage -0 867** 0.736**
No. of seeds per pod 0.206 -0.670% ~-0.482
Hundred seed weight 0.040 0.324 0.078 -0.535
No. of seeds -0.283 0.912** 0.662** 0.310 0.142
Seed yield -0.199 0. 888** 0.700* -0.499 0.603* 0.873**

*, x% | significant at 5% and 1% level, respectively
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Table 11. Correlation coefficients between yield components and crop growth rate,
and net assimilation rate.

No. of Podding

Stage No. of flowers . Seed yield
fertile pods percentage

I~1 0.999* 0.242 -0.996 0.961
C y~m 0.012 0.991** 0.714 0.939
;i M~V -0.214 0.441 0.406 0.810

N~V -0.362 0.946** 0.823* 0.329

[~1 0.999* 0.203 ~0.997* -0.960
Nop~n 0.362 0.995%* 0.761 0.931
;: n~V -0.478 0.393 0.569 0.751

N~V -0.459 0,942+ 0 876" 0.872*

The growth stage is indicated in Table 6

%, %% ! significant at 5% and 1% level, respectively.
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Table 12. Design of the water stress experiment.

Plot Treatment period Growth stage
C —_— PR
Li Aug. 4—Aug. 17
ue ue Early flowering
Hi (1) — (I
L2 Aug. 18—A 31
v8 ue Late flowering
He () — (m
Ls Sept. 1—Sept.17
e e Young pod development

L:low stress (62.5%), H: high stress (45%), C:untreated control (80% of maximum water

capacity).
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Table 13. Effect of water stress at various growth stages on some agronomic traits

Treatment Stage
plot I I Il v A '
Length of main stem (cm)
C 50.7 84.1a 87.2a 88.3a 88.2a 88.2a
Li 76:1h.. 79.0ab 84.0ab 82.8ab 82.8ab
Hi ‘ : 76.9b 76.2¢ 77.8b 77.8b
L2 - 87 .0ab 87.5a 87.5a
Hz 82.2bc 84.6a 84.6a
L3 b 86.5a 86.5a
Hs 86.5ab 88.7Ta 88.7a
No. of primary branches (,plant)
C 4.8 6 4a 8.8a 10.3a 10.0ab 10.0ab
L 8 7.8a 8.6a 10.0ab 10.0ab
Hi 7.3a 9.9 9.3be 9.3be
L2 3b: 8 6a 10.52 10.5a
He ‘ 8.92a 8. 4c 8.4c
L3 . 83 8.2¢ 8.2¢
Hs3 8.0c 8.0c
Leaf area (dm’“plant)
C 23.0 27.8a 59.0a 42.9a 33.7ab
L1 b 55.5a 62 4b 33.8ab
Hi ; 29.1¢
L2 35.8a
Hz 29.Tbe
L3 34 3ab
Hs3 39.6a
Total dry weight (g plant)
C 16.7 36.8 50.5 69 4 69.6 48.3
L1 33k .48.0 61.6 72.4 45 8
Hi 40.4 60.9 66.0 46.9
L2 ; 69.6 69.0 51.4
Hz 66.0 43.3
L3 62.7 49.3
Hs3 63.2 41.0

Symbols of the treatment plot are indicated in Table 12.

Stage: 1 :8,74, 1;8/17, 1 ;8731, V;9,17, V;10,/12, VI; 11,18
with the same letter are not significantly different at 1% level

i . Treatment period.
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Table 14. Effect of water stress at various growth stages on dry weights of each organ.

Plot Stage
° I 1 I v v W
Leaf blade
C 15.3a 20.0a 21.2ab 15.2a
L1 2:08; 18.9ab 20. 4ab 18. 0abe
Hi 16.86bc 19.8ab 16. 6ab
L2 7. 8ab 22.0a 19.7be
He 4 16.1ab
L3 20.9¢
Hs 16.8ab
Petiole
C 1.9 4.8a 7.8a 8.5a 6.0ab
L1 . 6.8ab
Hi 5.4a
L2 7.2bc
He 5.4a
L3 7.9¢
Hs 7.0be
Stem
C 12.3ab 11. 6ab
L 10.9ac 10.0ab
Hi 9.8¢ 9. 8be
L2 12.3ab 12.2ab
Hz 10.6ac 8.7c
Ls 13.9a 12.3a
Hs 13.8a 11.8ab
Root
C 10.5a 11.4a 13.1ab 8.0a 5.2a
L1 ! . 7. 8a 6.2a
Hi 7.0a 5.7a
L2 7.2a 8.3b
Ha 6.7a 5 8a
L3 7.8a 7.5b
Hs 7.2a 7.6b
Pod
C 8.4ab 9.0a
L1 9.0a 8.1bc
Hi 8.5ab 9.0a
L2 8.4ab 9.7d
He 8.4ab 8.5ab
Ls T.4bc 8.7ab
Hs 6.8¢c 6.6¢
Seed
Cc 19.7a 22.5a
L1 19.9a 21.5a
Hi 18.6a 22.4a
L2 14.2b 21.3a
Hz 18.7a 20.2a
L3 12.8b 20.8a
Hs 11.6b 15.0b

Symbols of the treatment plot are indicated in Table 12

Growth stages (I —VI) are indicated in Table 13.

Data with the same letter are not significantly different at 126 level
. Treatment period.




Table 15, Effect of water stress at various growth stages on some growth parameters.

Treatment Growth stage
plot -1 I—0 n-v V-V
Crop growth rate (g//plant,/week)
C 2.80 7.28 1.54
L1 3.92 4.83 3.50
Hi 3.22 7.42 2.38
L2 V ‘ 7.56 0.35
Ha 6.37 2.03
Ls 2.17
Hs 3743 2.45
Net assimiration rate (g/dm’/week)
C 0.011 0.147 0.049
L1 0.137 0.081 0.077
Hi 0.130 0.053
L2 0.140 0.007
He 0.119 0.048
L3 ;128 0.063
Hs 0081 0.035
Relative growth rate (g, g week)
C 0.161 0.175 0.028
11 D4 0.168 0.126 0.070
Hi 0322 0.217 0.056
L2 0.209 0.007
He 01 0.186 0.042
Ls 8;.140 0.049
Hs "0:105 0.053
Leaf area ratio (dm?g)
C 1.471 1.248 0.733
L1 1.125 1.670 1.281
Hi 1.681 0.895
L2 1.395 0.980
He 1,618 0.880
L 1,220 0.772
Hs 17180 0.881

Symbols of the treatment plot and growth stages (I —V) are indicated in Table 12 and 13,
respectively.
: Treatment period
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Fig. 10. Changes in photosynthetic rate under water stress conditions.
The growth stage and the period of water stress treatment
are shown in Table 12. ‘

x:C, oL, @ :Hi, o :Lz2, & :Hz, o :Ls, = :Hs

Table 16. Effect of water stress at various growth stages on yield and its components.

Plot No of pods No. of seeds No. of seeds Hundred seed Seed
0
flowers per plant per pod weight (g) vield (&)

C 59.3ab 89.7a 2.21a 25.1a 22.5a
L1 58.7ab 82.7a 2.08a 26.0a 21.5a
Hi 57.7ab 84.4a 2.14a 26.5a 22.4a
L2 60.3a 74 .8a 2.27a 28.5a 21.3a
He 51.8ab 77.5a 2.19% 26.1a 20.2a
L3 56.3ab 77 la 2.17a 27.1a 20.9a
Hs 44 4¢ 55.4b 2.12a 27. 1a 15.0b

Symbols of the treatment plot are indicated in Table 12.

Data with the same letter within a column are not significantly different at 5% level
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Fig 11. Effect of water stress on the distribution of labeled 14C in seeds fed at
early flowering (A), late flowering (B), and early pod filling (C) stage.
Symbols of the treatment plot are indicated in Table 12.

7 : main stem, : primary branch, [[J : secondary branch.
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Fig 12. Effect of water stress at various growth stages on nitrogen content in leaf
blade (A), and total available carbohydrate content in stem (B)
Growth stages (1 —IV) and the symbols are the same as those in Fig 10
V:10,12, V:11,/18
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in 1982 and 1983.
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Table 17. Effect of sowing time on some agronomic traits
Sowing No. of No. of Length of No. of No. of
Cultivar ] days to days to main stem nodes on primary
time flowering* maturing® (em) main stem  branches
1982
early 51 138 89.6a 17.4a 11 8a
Kan-nari No.1 middie 41 116 74.8b 15.8b 10.8a
e ate 32 I 67.8¢ ... 14.0c. 800
early 64 168 108.6a 24.0a 15.6a
Akiyoshi middle 50 154 107.8a 20.8b 14.8a
late 40 147 78.4b 17.0¢ 12.4b
1983
early 45 175 75.8a 15 6a 15.6a
Kan-nari No 1 middie 31 120 52.8b 13.5b 13.0b
SOOI 1.3, 8L ] B 453 . 12.dc .. 12.8b
early 65 173 90 . 0a 21.2a 20.8a
Akiyoshi middle 54 149 88.8a 20.6a 17.4b
late 36 124 52.8b 17.0b 13.0¢

Early sowing: May 31 in 1982, May 30 in 1983, Middle sowing : June 21 in 1982, June 23 in 1983,
Late sowing : July 21 in 1982, July 18 in 1983

% : from sowing

Data with the same letter are not significantly different at 5% level.
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Fig. 14. Changes in total dry weight at three sowing times
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a ! late sowing
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Fig 15. Effect of sowing time on changes in crop growth rate (CGR), leaf area index (LAD,
and net assimilation rate (NAR) (1983)

O : early sowing, @ : middle sowing, 2 : late sowing.
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Fig.16. Effect of sowing time on the productive structure of two cultivars at early ropening stage (1983).
K : Kan-nari No.1, A : Akiyoshi, 1 : early sowing, 2 : middle sowing, 3 :late sowing.

B : leaf blade, ] : stem+petiole, M : pod—+seed.
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Fig. 17 Changes in number of pods at three sowing times (1982)

O . early sowing, ® : middle sowing, & late sowing.
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Table 18. Effect of sowing time on yield and its components.

Sowing Seed No. of No. of No. of Hundred Seed/
Cultivar . yield pods seeds seeds seed stem
time per m*(g) per m* per m* per pod weight (g) ratio
1982
early 246ab 537a 944a 1.76b 26.0c 0.72¢
Kan-nari No.l middle 259 480b 851b 1.77b 30.5a 1.57b
e late 239 42le 859 .2:.04a 278  3.18
early 469a 1,217a 2,043a 1.68a 23.0b 1.10c¢
Akiyoshi middle 404b 1,116b 1,721b 1.54b 23.5b 1.32b
late 360¢ 1,025¢ 1,236¢ 1.21c 29.1a 3.54a
1983
early 26b 139 100b 0.72b 25.6a 0.08¢c
Kan-nari No.1 middle 293a 604a 1,157a 1.92a 25.3a 2.14b
e late _28la | 602a 1,067  1.77b  26.4a  3.7%
early 534a 1,521a 2,314a 1.52a 23.1b 1.42¢
Akiyoshi middle 461D 1,149 1,900b 1 65a 24 3ab 1.73b
late 386¢ 955¢ 1,565¢ 1.64a 24.7a 3.4ba

Data with the same letter are not significantly different at 5% level
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Fig. 18. Changes in length of main stems (A), and the number of branches (B), nodes (C),
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Fig 19 Changes in dry weight of each organ per m? at three population densities

Symbols are the same as those in Fig. 18
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Fig 20. Effect of planting density on productive strucure.
L :low, M : medium, H : high density.
B : leaf blade, ] petiole+stem-pod+seed.

Growth stages (I —V) are the same as those in Fig 18.
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Fig 21 Changes in LAI (A) and chlorophyll content (B) at three planting densities

Symbols are the same as those in Fig. 18.
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Table 19. Effect of planting density on yield and its components.

No. of No. of No. of Ratio of No. of No. of Hundred Seed

Plot stems nodes fertile fertile seeds seeds seed yield
/m’ /m’ pods/m*  pods(%) /m’ /pod  weight(g) (g/m?

M 33( D 57T (1D a7 C " 68.2

P 49.3 (210 218 (42) 313 ( 48 82.9

Low S 184.1 (78 240 (47 297 ( 45 88 4
T 236.7b(100) 515bC€100)  657b(100) 83.6 1096¢ 1.64a 28.5a 268.4b

M 6.6 ( 2 110 (14 102 (12 67.6

P 102.6 (36) 456 (56) 502 (57 81.1

Medium S 173.8 ( 62) 248 (30) 272 ( 3D 87.5
T 284 0a(100) 814a(100)  876a(100) 81.1 1342b 1.59% 27.9a 334.2a

M 13.2( 6) 232 (28 229 (26 74.6

P 1581 (72 510 (62 58 (66 83.8

High S 48.9 ( 22) 82 (10 (8 91.7
T 220.2b(100) 842a(100)  887a(100) 81.8 1410a 1.59a 28.3aa 342.6a

M : main stem, P ! primary branch, S I secondary branch, T :total ( ) ! relative value.

Data with the same letter are not significantly different at 5% level
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Fig.22. Method of CO2 exchange measurement
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Fig. 23. Effect of nitrogen level on changes in dry weight of each organ
J:root, M nodule, [ : stem, B leaf blade, . petiole, * pod,
B9 iseed, 1 :7/26, 1 :8/25, I :9/11, WV :610/12, V :10/31.

Dry weight (g, plant)

Growth stage

Fig 24. Effect of nitrogen level on changes in dry weight of nodules
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Fig. 25 Effect of nitrogen level on changes in introgen content in each organ

Symbols are the same as those in Fig 24
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Fig 26. Effect of nitrogen level on nitrogen accumulation in each organ.

Symbols are the same as those in Fig. 23.
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Fig. 27 Effect of nitrogen level on CO2 exchange rates (CER) [A: per plant base,

B : per dry weight base] of above ground parts

Symbols are the same as those in Fig. 24
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Fig 28 Effect of nitrogen level on CO2 efflux rates of shoot (A),
and underground organs (B) under the dark conditions

Symbols are the same as those in Fig 24
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Fig 29. Effect of nitrogen level on changes in respiratory rate of shoot (A),
and underground organs (B) under the dark conditions.

Symbols are the same those in Fig 24.
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Fig. 30. Effect of nitrogen level on amount and distribution pattern of ! C activity
in the seeds fed at early (A) and late (B) pod filling stage of growth.

[ : main stem, . primary brahch, I : secondary branch.
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Table 20. Effect of nitrogen level on yield and its components.

Seed yield (g/plant) No. of No. of Hundred Harvest
Treatment pods per seeds seed .
M P S Total plant per pod weight (g) index
ON 3.1b  20.4b 6.7a 30.1b 86.1b 1.83a 19.1b 0.59a
IN 4.52 23.4a 3.5¢ 31.4ab 88.9ab 1.78a 19.8b 0.57ab
2N 4.52 23.7a 4.1b 32.6a 90.4a 1.82a 21.1a 0.55b

M : main stem, P : primary branch, S:secondary branch.

Data with the same letter are not significantly different at 5% level
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Fig. 31. Changes in length of main stems (A), and the numer of branches (B), and leaves

(C) of the scion (Akiyoshi) grafted on nodulating (T202) and 'non-nudulating
(T201) isolines (stock)

O : non-nodulating stock (T201),

® : nodulating stock (T202),

a and a : with topdressing
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Fig 32. Changes in dry weights of each organ of the scion (Akiyoshi) grafted on
nodulating (T202) and non-nodulating (T201) isolines (stock)

Growth stages and symbols are the same as those in Fig. 31.
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nodulating (T202) and non-nodulating (T201) isolines.

Growth stages and symbols are the same as those in Fig 31.
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33. Changes in chlorophyll content in leaf blades of the scion (Akiyoshi) grafted on

Fig.34. Changes in crop growth rate (CGR, A), leaf area (B) and net assimilation rate

(NAR, C) in the grafting plants

Growth stages and symbols are the same as those in Fig. 31.
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Fig 35. Chages in number of flowers of the scion (Akiyoshi) grafted on nodulating (T202)

and non-nodulating (T201) isolines (stocks).



Carbon content (%)

Nitrogen content (%)

Table 21  Yield and its components of the scion (Akiyoshi) grafted on nodulating (T202)
and non-nodulating (T201) isolines (stock).
Seed No. of No. of Podding No. of Hundred No. of
Plot seeds seed
yield* flowers* pods* percentage per pod weight seeds™
g % g
A 124 1221 50c 4.14 1.56a 20.9¢ 7.8¢
A, 5.6c 139b 13.5b 9.7¢ 1.50a 21.7bc  20.3b
B, 14.5b 209a  43.0a 20.6b 1.66a 22.4b 71 3a
B. 15.8a 203 a 47 0a 23.5a 1.58a 244a 75.02
* ! per plant.
A : non-nodulating stock (T201), B : nodulating stock (T202).
. . without topdressing, . . with topdressing
Leaf Stem Pod
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Growth stage

Fig. 36. Changes in carbon content (upper) and nitrogen content (lower) of leaf, stem and

pod of the scion (Akiyoshi) grafted on nodulating (T202) and no-nodulating (T201)

isolines (stock).

Growth stages and symbols are the same as those in Fig 31.
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Fig. 37 Apparatus for measuring acetylene reduction assay.
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Fig 39. Changes in the amount of nitrogen in each organ.

Growth stages are the same as those in Fig. 38.
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Growth stages are the same as those in Fig. 38.
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Growth stages are the same as those in Fig 38
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Growth stages are the same as those in Fig. 38
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Table 22 Characteristics of seedlings in direct sowing and transplanting plots (July 8):

Date Seedling Stem  Number Number Stem Dry wt Dry wt.

Plot of length of of i of top of root B/A C/B
sowing 28¢ (A) nodes leavest diameter ® ©

days cm’ cm g/pl. g/pl.
D June 20 18 128 5.8 2.0 3.4 0.62 0.15 0.49 0.24
Ti June 10 28 344 T8 4.8 2.8 0.98 0.41 0.28 0.41
T, June 20 18 18.6 5.4 2.2 2.7 0.35 0.22 0.19 0.61
T: June 30 8 10.4 3.0 0.0 2.9 0.19 0.07 0.18 0.40

D : direct sowing, T : transplanting

% [ trifoliate leaves

B R & £ =
. BENEEREICRIETR
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ERRRIAEL, HESE EEENAE ok, BE /M ERELAFEHMC L b —EOBHEERS
P, FERK TAEWEEN L KA. BEEAK (BEA2D) DX T2H TH»ept, Ti, Tz, TsRTXh
Ehds, 43, 39A &, —BCIEROTTARLBEY CHRIEMS S OER A AN R LRI,

FE, 1RO, 2ROBCHTBHBHEOHEE Y Fig 4R L. TERIDK, TsK THFIHDI, 1
O 2K TIREIEEIIICIRERKRCEL, FORKERT>D>Ti>TeROIEF &lnot. ¥, EEHHIE
K& S ERPBAEL, DB LA LHmes, 2OEED>T>Ti>TeX D k&b » 7. EEOHEE
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DX X hAdifonte Fi, 2HHK 1 AN D OBBULERKE S 2~ 3SEBETHLL, ZR, B, K
LIRS OBE LRI, HSRBOEFEL T

LEDRERMS, TIKO X Hic, BRMOEALBEY TRRBEBC I IR OBENKE S, BEEROE
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EHREDEERE Y, HRIO LArPbhot, —F, HHAROEL » L TK TRBEERTIIDEICEAT
EBRLEDL00, FOBOEEHIERLLD, B I ROSHDOEENRRIFTH- K
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ZBRECRT HEYEOHB Y Fig 510R L, ¥BREOEHTIMhEHERIR LD LECHET
HEEERL, T, TeOFE TIEDIK & EVEER Lich, TSR TRRFERIBW S BRI, T TRM
wHINL, BLADRKRBEM LTV, ¥/, ETE DR TEREBIVIZ SRR 20 T LicDics
L, BHEEK TEREEOL» SR LGS, EEBE~DOHERS OBRHIEE Y, RBMEES D 2 LHRR
Ehi. ThIEHL, BRETRDRETI, TeX & OMIRENL L, TsR TERFIHCE AR IR LICOPEHT
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Fig 44. Effect of transplanting on changes in number of branches, stem length,
number of nodes, and number of leaves
0:D, @:T,;, s !T,, a!T,;
[ :7/09, I :7/30, I :8/20, ¥ :9/10, V :9/29, VI :10/21.
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Doltlcdb EHEIRD. 0 L5, BHERE G 2HEREORMERCIERX L 1Z0PR L D HFHENE
DERCH, HKEOEERIZBEAEENBDORED 1.
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IE R IR ER S Table23 1R Lic, HEMBEOBLEL TR TRERKIC LRFERE OCTFERIER
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Table 23. Effect of seedling age at transplanting on yield and its components

No. of Percentage No. of Hundred No. of Seed
Plot . of fertile seeds seed ) o
pods pods per pod weight seeds yield
% g g
D 736a 84.6 1.84a 25 2b 1353a 341 1a
T, 7632 76.4 1.75ab 25.3b 1333a 337.9a
T, 760a 79.0 1.59 26.6ab 1207b 321.3a
Ts 660b 85.9 1.80a 27.3a 1188¢ 324.6a
Data with the same letter are not significantly different at 5% level
* . per of
sob Leaf blade 2ot Petiole 0k Stem
20
E
2 10}
N
Y
5 0
[
3
fog 501
a
A 40r
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Fig. 45. Effect of transplanting on changes in dry weight of each organ

Growth stages and symbols are the same as those in Fig 44
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Fig. 46. Effect of topping on changes in number of branches (A, B), length of stems (C, D),
leaf area index (LAI E), and total dry weight (F).
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Fig. 47. Effect of TIBA on changes in number of branches (A, B), length of stems (C, D),
Leaf area index (LAI, E), and total dry weight (F).
e .C, o0!T,, 2.T,, 41T,

Growth stages are the same as those in Fig. 46.
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Table 24 Effect of topping and TIBA on the percentage of seed weight in main stem, primary and

secondary branches.

Plot C P, P. P, T T, T3
M 28.8 0.4 0.4 0.0 130 13.5 2.6
P 64.1 60.8 60.2 69.0 62.5 68 1 69.9
S 7.1 38.8 39.4 31.0 24.5 18.4 27.5

Total 100.0 100 0 100.0 100.0 100.0 100.0 100.0

M : main stem, P : primary branch, S ! secondary branch

C : control, P, P, P;: topping at the 2nd, 3rd and 4th trifoliate leaf node, respectively, T, T, Ty :

TIBA treatments at the 4th, 5th, 6th trifoliate leaf stage, respectively

Table 25. Effect of topping and TIBA treatments on yield and its components

. No. of total No. of fertile No. of seeds Hundred seed
Plot Seed vield )
pods pods per pod weight
(g/m? (/m® (/m® g
C 374.3b(100) 832¢ T49¢ 1.76a 28.5a
P, 383.5p(102) 978b 818b 1.74a 27.Tb
P 509.1a(136) 1055a 97Ta 1. 76a 29.6a
P, 293.4¢( 78 707d 617d 1.75a 27.4b
T, 403 0b(108) 896¢ 796b 1.75a 29.0a
T, 486.9a(130) 1119a 993a 1.71a 28.Ta
Ts 263 7c( T 7544 643d 1.63a 25.2¢
Data with the same letter are not significantly different at 5% level () ! relative value

Symbols of the plot are the same as those in Table 24
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Fig 48. Profiles of soil layer and the point (open and closed circle) of sampling of soil water content.
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Fig 49. Changes in water content of three soil layers (see Fig 48) in the level
and ridge cultural conditions
e : level culture (L), © : ridge culture (R)
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Fig 50. Changes in length (A) and node number (B) of main stem, number of
branches (C), and pods (D) in the level and ridge cultural conditions.

Growth stages and symbols are the same as those in Fig. 49
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Fig. 51 Differences in the development of root system between the level and ridge cultural conditions.
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Fig. 52. Differences of dry weights of roots (A), and nodules (B) between level and ridge cultural
conditions.
R :ridge culture, L @ level culture

Growth stages are the same as those in Fig. 49.



Table 26. Differences of yield and its components between the level (L) and ridge culture (R)

No. of No. of No. of Hundred Seed
Plot ‘pods seeds seeds seed yield
per m’ per m° per pod weight per m?
g g
L 579b 899b 1.55a 26.6b 239b
R 672a 1044a 1.57a 28.8a 300a

Data with the same letter are not significantly different at 5% level
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Dry Matter Production and Yield Potentiality of Soybean
in a Warm Area in Japan

Koh-ichiro AsANUMA

Summary

In warm areas in Japan, the cultivation area of soybean is increasing, but the levels of seed yield and
cultural practices are not so high in cool areas such as Hokkaido, Tohoku etc. In addition, there have been
very few studies on soybean productivity in warm areas such as Shikoku district. Therefore, from 1968 to
1989, studies were carried out with the view of improving the productivity of soybean. The results obtained

are summarized as follows.

1 . Characteristics of dry matter production of soybean cultivars in warm area in Japan.

1. Using two medium and two autumn type cultivars, the differences in growth characteristics, dry
matter production and yield determining processes were investigated. The amount of dry matter produced
reflected the growth duration, that is, with increasing growth duration, the amount of dry matter produced
increased. At earlier growth stages, dry matter production depended on leaf area index, but at later stages
it depended on net assimilation rate.

On the other hand, with regard to the partitioning of dry matter in relation to the seeds, there were
considerable differences among cultivars on the basis of harvest index, showing the old cultivar as the
lowest.

2. The photosynthetic rates (P,) of individual leaves at different nodal positions were measured at
several growth stages, and the relations between P, and the environmental factors on the physiological
status of leaves was investigated There was the tendency that P, of upper leaves became higher than
lower leaves as growth progressed. The results showed that individual leaves achieved high P, just after
full expansion, and thereafter declined gradually to senesce. It was emphasized that in later growth stages,
total photosynthesis of branch leaves was more important, due to their abundance in soybean plants grown
in the warm areas of Japan Under light-saturated conditions, P, was closely related to stomatal behavior,
such as leaf temperature, stomatal conductance, transpiration, etc.,, suggesting that high temperature in

summer restricted photosynthesis

I . Effecs of environmental factors on growth and dry matter production.

1. In experiments on the relationships between day,~night temperature and growth, the most favorable
temperatures for growth varied according to growth stages. From sowing to first flowering, relatively higher
temperature accelerated the growth of soybean plants Thereafter, high temperatures were not so favorable,

as shown by the low flowering and seed yield results. During the ripening stage, seed development was



better under low temperature than under high temperature conditions.

2. From the results of two levels of shading treatment at various growth stages, light intensity at late
flowering stage had the most deleterious effects on dry matter production and yield components, such as
the number of pods and seeds. Of these two yield components, the former directly correlated to the dry
matter production at flowering stage.

3. Two levels of water stress were applied to plants at various growth stages to examine the effects on
growth, yield and dry matter production. Water stress decreased seed yield at all stages of growth,
especially at early pod filling Though stress at early and late flowering stages restricted plant growth and
photosynthesis, rewatering improved these considerably. It was concluded that the reduction in seed yield by
water ‘stress at early pod filling was mainly due to the restriction in the translocation of matter, even if

plants were rewatered.

[ . Effecs of cultural practices on growth, dry matter production and seed yield.

1. In experiments on the response of medium and autumn type soybean cultivars to the time of sowing,
the effects of sowing time were not so clear for medium type cultivar as for autumn type cultivars.
Therefore, for medium type cultivars, we easily can select the optimum time for sowing, at any time from
May to July. On the contrary, for autumn type cultivars, there was a tendency that, as the sowing time
was delayed, the dry matter production and seed yield was reduced It was concluded from this experiment
that the optimum sowing time for the autumn type cultivars would be late June

2. Responses of soybean plants to three levels of planting densities (3.3, 6.6 and 13.2 plants,/m* were
investigated With increasing planting densities, the plant height was increased, but the numbers of
branches, especially the secondary branches, total nodes, total leaves and pods were decreased. Although
high planting density reduced light intensity within the plant canopy and led to the breakage of branches, it
increased seed yield by increasing LAl and dry matter production. It appeared that a planting density of
13.2 plants per m® might be the limit, beyond which further increase in plant density would not increase the
seed yield

3 Using nodulated soybean plants, a pot sand culture experiment was carried out to determine the
effect of three levels of nitrogen (0, 100, 200 ppm) on plant growth, CO, exchange and nitrogen nutrition
Applied nitrogen accelerated plant growth, but increased seed yield very little. This was due to the large
consumption of carbon compounds by the underground organs, although photosynthesis and production of
dry matter was accelerated by nitrogen application Furthermore, excess application of nitrogen decreased
the nodule development, showing that the response of soybean plants to nitrogen levels was affected by the

relationship between the absorption of applied nitrogen by the roots and of fixed nitrogen by the nodules

V. Relationships between nitrogen nutrition and nodulation.
1. Experiments using the grafted plants on the nodulating or non-nodulating isolines (stock) with the
autumn type cultivar Akiyoshi (scion) were conducted From the results of these experiments, it was

concluded that nitrogen fixed by plant nodules at flowering and maturing stages played an important role as



the source of nitrogen compounds in pods and seeds, and it was more effective than the nitrogen absorbed
from the soil.

2. Changes in nodule activity using the method of acetylene reduction, and in nitrogen absorption and
translocation with the method of ®N tracer were studied. Though nodule activity decreased in later growth
stages, accumulation of nitrogen increased at the same time. It was supposed that small amounts of
nitrogen should be applied as basal dressing for root and nodule development, and that top dressing should

be done to obtain the high seed yield

V. The meaning of some cultural practices in a warm area in Japan.

1. Three types of seedling, differing in age, were transplanted and the growth, dry matter production
and yield were compared with the direct sowing practice. Results indicated that transplanting practice had
little or no effects of the increase on seed yield. This practice, therefore, should only be applied if damage
by pigeons is predicted, or if 'seed germination is not so successful, or if sowing might be delayed by the
late harvest of preceding crops.

2. Topping treatments or foliar applications of TIBA were conducted at three different growth stages
(4th, 5th and 6th trifoliate leaf expansion stage, respectively) Topping treatments at all stages increased the
number of branches, especially secondary branches, resulting in the increase in number of total nodes, total
leaves -and leaf area index Foliar application of TIBA had similar effects as topping treatments except on
the number of primary branches and leaf area index Both topping and TIBA treatments at 5th trifoliate
leaf expansion stage increased seed yield remarkably

3. In upland field converted from paddy, experiments on the effects of ridge culture on the root
system, and the growth and yield of soybean plants, were compared with those from a level culture.
Ridging improved the soil water conditions and accelerated the root and nodule development: These well

developed root systems supported the sound growth of tops, thus resulting in high seed yield
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Junzaburo Naka : Physiological Studies on the Growing Process of Sweet Potato Plants (March,
1962)

Minoru Sarro : The Geology of Kagawa and Northern Ehime Prefectures, Shikoku, Japan (March,
1962) (in English)

Kiyoshi Kosuar : Studies on Production and Flowering in Gladiolus (September, 1962) (in English)
Hachiro Kira : Hydraulical Studies on the Sedimentation in Reservoirs (February, 1963)

Aizo Nopa : Studies on the Coleorhiza of Cereals (March, 1963)

Sin'itiro KaAwaMURA : Studoj pri Ameloj de Legumenoj (March, 1963) (in Esperanto)

Jiro AsaNo : A Study on the Formation of Pine Forests on Seaside Areas, giving due Consideration
to the Salt Resistance of the Seeds (March, 1963)

Kei YamaNaka : Studies on the Pentose Isomerases of Lactic Acid Bacteria (August, 1963) (in
English)

Masayoshi Asizawa : Studies on the Drough Damage of Grape Trees in the Region of Kagawa
Prefecture (March, 1964)

Toshikazu Tani : Studies on the Phytopathological Physiology of Kaki Anthracnose, with Special
Reference to the Role of Pectic Enzymes in the Symptom Development on Kaki Fruit (March, 1965)
Takayuki TARUTANI : Studies on the Storage of Persimmom Fruits (March, 1965)

Kunio Kano : Studies on the Media for Orchid Seed Germination (March, 1965) (in English)

Kiyoshi Yamamoro : Studies on the Hybrids among the Vicia sativa L. and its Related Species
(March, 1966)
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Yoshio NAKAHIRO : Studies on the Method of Measuring the Digestibility of Poultry Feed (October, 1966)
Hiroshi INOUE : Studies on the Fruit Development of Natsudaidai (Citrus Natsudaidai Havyata), with
Special Reference to Water Spot Injury (March, 1967)

Toyoki MiyaBe : Studies on the Production and the Salt Balance in Relation to Calcium
Phosphocaseinate of Abnormal Milk (August. 1967) (in English)

Murao SoGo : Studies on the Bark Lignin and Bark Phenolic Compounds (September, 1971)

Mitsuaki OnsHiMA : Studies on Nutritional Nitrogen from Red Clover Silage (November, 1971} (in
English)

Shuzo Tarsumi : Fundamental Studies of the Chemical Forms of Calcium and Their Metabolisms in
the Tree Leaves (November, 1974)

Masaru KURETANI : Studies on the Early Summer Defoliation of Grape Vines Caused by Veinyellowing
(December, 1974)

Hisao KURATA : Studies on the Sex Expression of Flowers Induced by Day-length and Temperature in
Punpkin and Watermelon (March, 1976)

Takashi KaMaDA : Studies on the .Rational Estimation of Rainfall for Design Flood (June, 1976)
Hiroyuki YaMaMoOT0 : Study on the Mechanism of Resistance Expression in the Crown Rust Disease
of Oat (March, 1978)

Hidetoshi Okamoro : Laboratory Studies on the Food Ecology of Aphidophagous Lady Beetles
(Coleoptera : Coccinellidae) (March, 1978)

Toru YaMmasakl : Studies on p-Hydroxyphenyl- and Syringyl Lignins (September, 1878) (in English)
Toshihide IcHikAwWA : Studies on the Mating Behavior of the Four Species of Auchenorrhynchous
Homoptera which Attack the Rice Plant (February, 1979) (in English)

Hiroshi YosHpA : A Study of the Development, Structure and Management of Co-operative Groups
(March, 1980)

Yutaka IssHik : Nutritional and Physiological Studies on the Function of Ceca in Chickens (March,
1980)

Toshiaki CHUJo : Studies on the Effects of Thermal Conditions on the Growth and Quality of Fruits
of Fuyu Kaki (February, 1982)

Masanori Gor : Studies on the Flower Formation and Forcing of Some Ornamental Trees and Shrubs
in East Asia (February, 1982)

Toshiyuki Matsur : Food Chemical Studies on Wasanbon-to Sugar (Japanese traditionally refined
sugar) (February, 1982)

Yukihiro FujME : Studies on Thermal Conditions of Curd Formation and Development in Caulifower
and Broccoli, with Special Referene to Abnormal Curd Development (February, 1983)

Souichi NisHiyaMA : Studies on the Water Hammer of the Air-entrained Flow in Irrigation Pipe Lines
(February, 1983)

Shigeyuki Mavama : The Role of Avenalumin in the Resistance of Oats to Crown Rust (October,

1983) (in English)
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Shigeru MoNTANI : Early Diagenesis of Amino Acids in Marine Sediments (October, 1983)

Masahiko Icun : Studies on the Utillity of Ratoon Traits of Rice as the Indicator of Agronomic
Characters in Breebing (November, 1984) (in English)

[kuo KaTaoKA : Studies on the Coloration of Grape Berries with Special Reference to the Regulation
of Color Development by Abscisic Acid (October, 1986)

Haruo Suzukl : Agrometeorological Studies on the Effect on Soil Temparature, of Film Mulching and
Canopy in the Upland Mulching Culture (October, 1986}

Masayoshi MiNowa : A Study on Thermal Radiation Environment in an Open-type Livestock Barn
(October, 1986)

Masayuki Fujita : Studies on Cytochrome P-450-Dependent Mixed Function Oxygenase in Sweet
Potato Root Tissue (October, 1986)

Michio TANAKA : Studies on the Clonal Propagation of Phalaenopsis through in vitro Culture
(February, 1987)

Atushi HaseEcawa : Studies on the Propagation of Oriental Cymbidium (December, 1987)

Tadasi Kasal : Studies on the Hydorolysis of Oligosaccharides of Soybeans (December, 1987)

Shogo AOYANAGI : Studies on the Physical Properties of Residual Granitic and Andesitic Soils in
Setouchi Coastal Region, Northern Shikoku (December, 1987)

Takeshi KaTavama : Degradation of Lignin Substructure Model Compounds by Fusarium solani
M-13-1 (November, 1989) (in English)

Takuro Masupa : Studies on the Charactaristics of Masa Soil as a Medium for Tree Growth and
Methods for its Improvement (October, 1990)

Kuninao Tapa : Behavior of Dissolved Proteinous Substances and Amino Acids in Seawater (October,
1990)

Seiichi Fukal : Studies on the Cryopreservation of Shoot Tips of Dianthus and Chrysanthemum
(October, 1992)

Yuichi YosHmaA : Studies on Flower and Fruit Development in Strawberry, with Special Refference to
Fruit Malformation in ‘Ai-Berry’ (October, 1992)

Tadashi OcHr : Studies on the Characteristics of Chemical Environment and the Recycling of Nutrient
in Hiuchi Nada Sea Area (October, 1992)

Kiyoshi KoGURE : Studies on the Growth Habit and its Relations to the Mechanism of Yielding
Process in Winter Type of Faba Bean (Vicia faba 1.} (December, 1992) (in English)

Hiroshi KaMeyama : Economic Study on Planning and Evaluation for Regional Agricultural Resource
Management (March, 1995)

Koh-ichiro AsaNnuMma : Dry Matter Production and Yield Potentiality of Soybean in a Warm Area in

Japan (November, 1996)
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