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Studies on the Response of Rhizobium Inoculation and
Nitrogen Concentration to Soybean Growth in Nutri-culture**

2. Effects of Rhizobium Inoculation and Nitrogen Concentration
on Growth and Yield of Soybean Cultivars

Hong Suk Lee* and Sung Hwas Yun*

ABSTRACT

This experiment was carried out to study the effects of nitrogen concentration of cultural solution,
Rhizobium inoculation, and planting density on the growth and yield of soybean cultivars,
Hwanggeumkong, Jangbaegkong, Paldalkong, Clark, and non-nodulation isoline of Clark. Rhizobium
inoculation increased the stem length, particularly in Hwanggeumkong, Jangbaegkong, and deci-eased it
significantly in non-nodulation Clark. Stem length was increased by the increase in nitrogen fertilization
by the 195ppm level and decreased by the increase in plant population density. Rhizobium inoculation also
increased the shoot dry weight, but significantly decreased it in non-nodulation Clark. As nitrogen
concentration in the cultural solution increased the shoot dry weight decreased in Jangbaegkong and
paldalkong. However, the shoot dry weight was decreased by the incréase in plant population density.

Rhizobium inoculation and the increase in nitrogen concentration of cultural solution increased the ratio
of shoot dry weight to root weight,

The Rhizobium inoculation and the increase in nitrogen concentration of cultural solution increased the
grain yield per pot in Hwanggeumkong and paldolkong, While non-nodulating Clark showed significant
decrease in grain yield. Grain yield per pot was also increased by the increase of plant population
density .

Grain yield was significantly correlated with shoot dry weight, nodule number, and nitrogen content of
the soybean plants. The correlation between nitrogen contents of the soybean plants and stem length,
shoot dry weight, and nodulation was significant.

The allantoin-N content in stem was also significantly correlated with nodulation,
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Composition of the nutrient culture solution

Nutrient Salts used Concentration {ppm)
. NH,NO,, Ca(NO;),
N 41,0 0. 98, 195, 293
KH,PO,, Ca{H,P0O,),
P
H.0 62
K KCl, KH,PO, 189
Ca CaCl,, Ca(NO;).4H,0 220
Mg MgS0,, MgCl, 98
B H,BO, 0.1
Cu CuCl, 0.02
Mn MnCl, 0.25
Fe  Fe-EDTA ' 10
Mo H,MoO, 0.01
Zn ZnCl, 0.1
pH 1 6.5-7.0
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Table 1. Plant height as affected by nitrogen concentration,

Japonicum inoculation in soybeans,

plant population density and Rhizobium

Rhizobium Nitrogen concentration in nutrition(ppm)
Variety Jjaponicum 0 98 195 293
R168 D1* D2* D1 D2 D1 D2 D1 D2
................................................ cm/plant

. (V7 stage)
Hwanggeum— uninoculated 13.7 15.1 22.3 25.0 24.2 27.9 28.5 25.8
kong inoculated 16.6 19.2 22.7 26.1 26.2 26.9 26.7 26.9
Jangbaek- uninocul . 15.7 16.9 26.7 28.3 28.2 32.8 30.7 29.9
kong inocul. 16.5 19.6 26.8 27.4 30.3 31.4 32.2 30.2
Paldal- uninocul 12.2 12.7 17.8 24.7 22.0 25.8 23.8 24.9
kong inocul 12.0 19.8 18.8 20.3 22.2 23.8 25.2 25.4
Clark uninocul. 15.5 15.5 21.0 22.6 . 24.0 24.7 24.8 25.7

inocul . 15.8 18.9 22.3 24.3 23.2 25.6 24.3 26.9
Non-nodul-  clark 11.4 11.7 16.7 19.8 20.0 22.1 22.5 23.5
ating

(R3 stage)

Hwanggeum— uninoculated 48.3 46.7 70.2 72.2 83.3 78.5 82.5 84.1
kong inoculated 59.2 66.8 78.8 83.0 84.8 93.0 97.7 101.5
Jangbaek- uninocul, 49.8 48.9 70.0 70.8 80.5 77.4 74.8 89.7
kong inocul., 57.3 64.9 79.7 81.7 89.5 105.3 104.3 95.4
Paldal- uninocul, 34.8 41.3 62.3 63.3 77.5 70.5 64.7 65.0
kong inocul 43.3 48.5 60.7 64.0 74.5 70.7 71.0 1.4
Clark uninocul . 44.8 48.5 74.7 70.4 76.8 73.4 81.0 84.1

inocul, 58.7 63.8 73.3 76.6 84.2 78.4 102.3 79.4
Non-nodul- clark 26.4 24.0 60.8 67.8 71.9 71.6 80.1 84.2
ating
* D1: 2 plants/200cm?, D2 : 4 plants/200cm?
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and

b2
.72
.81
.63
.76
.66
.54
.68
.64
.50
3.7
4.9
4.3
4.2
3.6
3.0
4.0
4.6
3.1

293

D1

.95
.97
.96
.75
.72
.79
.84
.76
8.8
8.9
8.7
9.3
6.1
6.8
7.8
6.4
6.0

)
1.01

ppm

(
D2
.70
.68
.67
.63
.58
.48
.64
.65
.51

2
4.9
4.3
4.5
3.5
3.2
3.3
4.2
3.0

195
3

planting population density
D1
1.06
77
.85
.68
.78
.85
.89
.65
7.0
7.6
6.7
7.9
4.0
5.5
7.9
6.5
5.9

4
.62
6
.45
.55
.59
.46
.4
3.4
4.3

2

(V7 stage)
.67
.62
(R3 stage)
.5

D2
.- g/plant
.5
4
2.2
3.7
3.6
4.3
2.2

98
4

.75
.80
.79
.7
.53
.59
.75
72
.51
6.0
7.9
4.3

5.1
7.4
6.9
4.1
5.1
6.2

Nitrogen concentration in nutrition
D1

.41
.49
.34
.37
.32
.30
.31
.40
19
2.2
4.1
2.2
3.9
1.5
2.6
2.8
4.1
0.5

D2*

D1~
41
.49
.40
.47
.33
.39
.39
.49
.28
0
6.8
3.5
5.8
2.6
3.8
4.2
6.4
0.5

3.

Rhizobium
Japonicum
R168
uninoculated
inoculated
uninocul .

inocul,
inoculated

uninocul .
inocul,
uninocul .
inocul,
nodul- clark

uninocul,
inoculated.
uninocul .
inocul .
uninocul .
inocul,

Rhizobium japonicum inoculation in soybeans
clark

Hwanggeum— uninoculated

kong
Non-nodul-

ating
* D1 : 2plants/200cm?, D2 : 4plants/200cm®

kong
Jangbaek-
kong
Paldalkong
Clark
Non-
ating
Jangbaek-
kong
Paldalkong
Clark

Table 2. Shoot dry weight as affected by nitrogen concentration,

Hwanggeum—

Variety
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Fig. 1. Shoot/root ratio as affected by nitrogen concentration, plant population density and Rhizobium
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Table 3. Grain vyield per pot as affected by nitrogen concentration, plant population density and
Rhizobium japonicum inoculation in soybeans.
Rhizobium Nitrogen concentration in nutrition(ppm)
Variety Japonicim 0 93 195 293
R168 D1* D2* D1 D2 D1 D2 D1 D2
................................................ g/pot
Hwanggeum— uninoculated 6.7 6.8 7.4 8.7 7.5 8.9 7.8 9.3
kong inoculated 7.8 7.6 8.1 9.3 8.3 9.7 8.0 10.0
Jangbaek- uninocul, 6.9 6.9 10.5 10.5 9.4 13.7 9.1 12.8
kong inocul. 7.4 7.0 7.5 7.8 8.4 8.6 9.1 9.7
Paldal- uninocul. 6.3 5.2 6.1 7.9 7.2 8.7 8.2 8.6
kong inocul. 7.3 7.3 8.4 8.3 8.9 9.0 9.0 8.8
Clark uninocul, 6.3 7.3 9.7 7.4 13.0 7.8 12.7 7.8
inocul. 6.2 6.7 7.0 7.8 6.5 8.8 6.4 8.1
Non-nodul-  clark 3.6 4.1 6.0 6.4 6.5 6.5 6.3 7.3
ating

* D1 2 plants/200cm?, D2 : 4 plants/200cm?
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Table 4. Grain yield per plant as affected by nitrogen concentration, plant population density and
Rhizobium japonicum inoculation in nutri-culture soybeans.
Rhizobium Nitrogen concentration in nutrition (ppm)
Variety Jjaponicum 0 98 195 293
R168 D1~ D2* D1 D2 D1 D2 D1 D2
................................................ G/POL  eeeverrreemr et
Hwanggeum- uninoculated 3.4 1.7 3.7 2.2 3.8 2.2 3.9 2.3
kong inoculated 3.9 1.9 1.1 2.3 4.2 2.4 4.0 2.5
Jangbaek-  uninocul. 3.5 1.7 5.3 2.6 4.7 3.4 4.6 3.2
kong inocul , 3.7 1.8 3.8 2.0 4.2 2.2 4.6 2.4
Paldal- uninocul, 3.2 1.3 3.1 2.0 3.6 2.2 4.1 2.2
kong inocul . 3.7 1.8 4.2 2.1 4.5 2.3 4.5 2.2
Clark uninocul. 3.2 1.8 4.9 1.9 6.5 2.0 6.4 2.0
inocul . 3.1 1.7 3.5 2.0 3.3 2.2 3.2 2.0
Non-nodul- clark 1.8 1.0 3.0 1.6 3.3 1.6 3.2 1.8
ating

* D1 : 2 plants/200cm?, D2 : 4 plants/200cm?

Table 5., Correlation coefficients between the yield per plant and measured characters at nutri-culture in

soybeans
Characters Growth stage (1) (2) 3) (4) (5) (6) (7 (8)
Yield per (1) V7 stage
plants R3 stage
Plant height (2) V7 stage 0.16
R3 stage 0.20
Dry weight (3) V7 stage 0.58** 0.72**
R3 stage 0.74** 0.51**
Nodule number (4) V7 stage -0.12 -0.09 -0.10
R3 stage 0.30*  0.08 0.45**
Nodule dry (5) V7 stage -0.14 -0.17 -0.22 0.96**
weight R3 stage 0.20  -0.38** 0.19 0.80**
Total nitrogen (6) V7 stage 0.57** 0.69** 0.88** -0.20 -0.30"
content R3 stage 0.69** 0.45** 0.85** 0.65"* (.34
Shoot/root (] V7 stage 0.24 0.70** 0.68** -0.02 -0.15 0.68**
ratio R3 stage 0.15 0.74** 0.40** 0.05 -0.34* 0.45**
Allantoin— (8) R3 stage -0.10 -0.40 -0.03 0.49** 0.69** -0.02 -0.35""
content
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