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Changes of Leaf Nitrogen and Petiole Ureide Content in Soybean
[Glycine max (L.) Merrill] under Waterlogging Condition
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ABSTRACT Soybean is the most promising crop for sub-
stituting rice on the paddy field. Excessive water stress is
a common limiting factor in soybean yield under paddy soil
condition. This study was carried out to identify changes in
leaf total nitrogen and petiole ureide content under excess
water conditions for establishing a screening system related to
waterlogging tolerance. Waterlogging treatment was conducted
by maintaining the water level on the soil surface for 10 days
at the early vegetative growth stage (Vs) and the flowering
stage (R,). Leaf total nitrogen content, SPAD value and
ureide content in petiole decreased in all soybean varieties
in response to waterlogging, but the degree of decrease was
much lesser in Pungsannamulkong and Muhankong than in
Jangyeobkong and Myungjunamulkong, at 21 days after
waterlogging treatment. This result means that root and nodule
recovery rates were much higher in Pungsannamulkong and
Muhankong than in Jangyeobkong and Myungjunamulkong
after waterlogging treatment. The ureide and leaf nitrogen
content showed high positive correlation with SPAD value,
regardless of waterlogged stages. In conclusion, leaf nitrogen
content, ureide content in petiole and leaf greenness were
identified as promising indicator for screening soybeans which
are tolerant of excess water.

Keywords : soybean, waterlogging, nitrogen, ureide, leaf
greenness
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Table 1. Description of soybean growth stages*.
Stage no. Abbreviated stage title Description
VE Emergence Cotyledons above the soil surface
VvC Cotyledon Unifoliolate leaves unrolled sufficiently so the edges are not touching
Vi First-node Fully developed leaves at unifoliolate nodes
V5 Fifth-node Five nodes on the main stem with fully developed leaves beginning with the
unifoliolate nodes
R1 Beginning bloom One open flower at any node on the main stem
R2 Full bloom Open flower at one of the two uppermost nodes on the main stem with a fully
developed leaf
RS Beginning seed Seed 3 mm (1/8 inch) long in a pod at one of the four uppermost nodes on the
main stem with a fully developed leaf
R8 Full maturity Ninety-five percent of the pods that have reached their mature pod color. Five to
ten days of drying weather are required after R8 before the soybeans have less
than 15% moisture
* Source : Fehr and Caviness (1977)
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Table 2. Total N contents in leaf of 5 soybean varieties at 21 days after waterlogging for 10 days at Vs stage in 2003 and

2004.
) Total N contents in leaf

Year Variety -

Control (A) Waterlogging (B) B/A (%)
-gN/gadw -

2003 Jangyeobkong 0.15+0.02 0.10+0.02 66.7
Pungsannumulkong 0.16+0.02 0.12+0.01 75.0
Myungjunamulkong 0.15+0.02 0.11+0.00 73.3
Muhankong 0.14+0.01 0.10+0.01 71.4
Peking 0.16+0.02 0.11£0.01 68.8

Mean 0.11
LSDo.0s 0.03

2004 Jangyeobkong 0.17+0.02 0.10+0.01 58.8
Pungsannumulkong 0.17+0.02 0.13+£0.01 76.5
Myungjunamulkong 0.15+0.01 0.10+0.01 66.7
Muhankong 0.16+0.01 0.12+0.01 75.0
Peking 0.15+0.02 0.11£0.01 73.3

Mean 0.16 0.11
LSDo.os 0.03
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Table 3. SPAD value of 5 soybean varieties at 0 DAW and 21 DAW after waterlogging for 10 days at Vs and R, stage in

2004.
Water. 0 DAW' 21 DAW
logging Variety Control 1\())vgagtier; B/A Conrol lz\jgzzf;_g B/A
stage (A) ) (%) () ) (%)
Vs Jangyeobkong 21.9 14.7 67.1 22.4 6.3 28.2
Pungsannamulkong 23.1 21.5 93.1 22.4 14.7 65.6
Myungjunamulkong 18.6 15.2 81.7 20.5 6.3 30.7
Muhankong 20.8 14.6 70.2 21.7 16.1 74.2
Peking 20.6 152 73.8 19.9 6.6 33.2
Mean 21.0 16.2 21.4 10.0
LSDy.0s 1.18 2.14
Ry Jangyeobkong 22.4 14.6 65.2 21.2 6.0 28.3
Pungsannamulkong 22.4 19.7 87.9 22.6 15.9 70.4
Myungjunamulkong 20.5 9.1 44 .4 20.4 3.9 19.1
Muhankong 21.7 143 65.9 21.2 15.5 73.1
Peking 19.9 12.2 61.3 21.4 8.7 40.7
Mean 21.4 14.0 21.4 10.0
LSDy.0s 2.05 3.14

T DAW : Numbers of days after waterlogging
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Fig. 1. Changes of greenness of leaves according to days after waterlogging at Vs and R, stage in 5 soybean varieties.
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Table 4. Ureide contents in petiole of 5 soybean varieties at 21 days after waterlogging for 10 days at Vs stage in 2003 and

2004.
. Ureide contents in petiole

Year Variety -

Control (A) Waterlogging (B) B/A (%)
--- mM/g dw ---

2003 Jangyeobkong 5.7+£0.42 2.4+0.14 42.1
Pungsannumulkong 3.4+0.12 2.1+0.17 61.8
Myungjunamulkong 5.1+0.64 2.0+0.13 39.2
Muhankong 5.4+0.25 2.8+0.12 51.9
Peking 3.1£0.34 2.6+0.27 83.9

Mean 4.5+£0.28 2.4+0.16
LSDo.0s 1.25

2004 Jangyeobkong 6.9+0.68 1.4+0.22 20.3
Pungsannumulkong 4.6+£0.42 2.940.18 63.0
Myungjunamulkong 3.5+0.21 1.4+0.17 40.0
Muhankong 4.8+0.44 2.4+0.21 50.0
Peking 1.9+0.23 1.2+0.19 63.2

Mean 4.3+0.31 1.9+0.19
LSDo.0s 1.03
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Table 5. Ureide contents in petiole of 5 soybean varieties at 21 days after waterlogging for 10 days at R, stage in 2003 and

2004.
. Ureide contents in petiole

Year Variety -

Control (A) Waterlogging (B) B/A (%)
--- mM/g dw ---

2003 Jangyeobkong 4.6+£0.38 1.4+0.14 30.4
Pungsannumulkong 4.1£0.29 1.9+£0.25 46.3
Myungjunamulkong 5.4+0.54 1.3£0.18 24.1
Muhankong 3.8+0.41 1.8+£0.25 47.4
Peking 5.4+0.21 2.1+0.25 38.9

Mean 4.7+£0.34 1.7+0.17
LSDo.0s 1.65

2004 Jangyeobkong 5.8+0.57 2.6+0.16 44.8
Pungsannumulkong 5.1+£0.46 3.3+£0.27 64.7
Myungjunamulkong 5.2+0.24 2.1+£0.19 40.4
Muhankong 4.6+0.32 2.4+0.28 52.2
Peking 4.6+0.37 2.0+0.22 43.5

Mean 5.1+0.36 2.5+0.21
LSDO_05 1.32
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Fig. 2. Relationship between SPAD value and ureide contents in petiole (left) and N contents in leaf (right) after waterlogging

for 10 days at Vs stage in 5 soybean varieties.
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Table 6. Yields and yield components of 5 soybean varieties influenced by waterlogging stages in 2003.

Variety Treatment No. of No. of 100 §eeds Yield Yield
stage pods/plant seeds/plant weight (kg/10a) Index
Jangyeobkong Vs stage 16.9b° 32.1b 26.4a 177b 82
R, stage 15.4c 27.7¢c 26.9a 154c 71
Control 21.2a 44.5a 27.1a 217a 100
Pungsannamulkong Vs stage 39.6b 78.6b 11.7a 224b 95
R, stage 35.8¢c 64.4c 11.9a 201c 86
Control 45.4a 86.3a 12.0a 235a 100
Myungjunamulkong Vs stage 38.6ab 65.6b 11.4a 205b 81
R, stage 31.2b 53.0c 12.0a 198b 78
Control 41.4a 78.7a 12.0a 253a 100
Muhankong Vs stage 30.8b 63.6b 19.2a 229b 91
R, stage 29.8b 57.6¢ 19.8a 203c¢ 81
Control 35.2a 71.4a 18.6a 251a 100
Peking Vs stage 40.8b 73.4b 7.6a 226b 91
R, stage 35.9¢ 64.1c 8.4a 218c 88
Control 45.3a 86.1a 8.2a 248a 100

Sthe same letters in a column are not significantly different at P<0.05 by duncan multiple range test
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Table 7. Yield and yield components of 5 soybean varieties influenced by waterlogging stages in 2004.

Variety Treatment No. of No. of 100 §eeds Yield Yield
stage pods/plant seeds/plant weight (kg/10a) Index

Jangyeobkong Vs stage 17.4b 35.0b 27.3a 211b 83
R, stage 14.8¢c 26.2¢c 27.3a 182¢ 72

Control 22.1a 43.4a 27.1a 254a 100

Pungsannamulkong Vs stage 42.1b 80.1b 13.0a 285b 93
R, stage 39.2b 73.1c 12.5a 265¢ 87

Control 45.4a 86.3a 12.0a 306a 100

Myungjunamulkong Vs stage 37.4a 69.6b 12.3a 240b 84
R, stage 30.6b 57.2¢ 12.6a 196¢ 68

Control 40.2a 78.4a 12.4a 287a 100

Muhankong Vs stage 28.6b 56.6b 21.7a 217b 90
R, stage 27.5b 57.1b 21.9a 224b 93

Control 31.8a 62.9a 21.7a 241a 100

Peking Vs stage 36.7ab 72.0b 10.6a 224b 87

R, stage 32.2b 66.7¢c 11.0a 209¢ 82

Control 40.5a 81.8a 11.2a 256a 100

Sthe same letters in a column are not significantly different at P<0.05 by duncan multiple range test

Table 8. Correlation coefficients between physiological characters and yield influenced by two waterlogging stages in 5 soybean

varieties.
Waterlogging stage Characters No. of pods/plants 100 seeds weight Yield
Leaf nitrogen content 0.63" 0.07 0.61"
Vs stage SPAD value 0.61" 0.25 0.64"
Ureide content in petiole 0.74" 0.31 0.77"
SPAD value 0.62" -0.61" 0.74"
R, stage . . . . .
Ureide content in petiole 0.62 -0.51 0.61
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