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Culm Characteristics of Rice Plant Related to Lodging Resistance
under Different Nitrogen Levels in Direct Seeding on
Flooded Paddy Surface

Dong Seog Song*, Jin Ho Kim* and Sheong Chun Lee*

ABSTRACT : These experiments were conducted to investigate variation of physical charac-
teristics of the culm related to lodging resistance by mitrogen levels under direct seeding on
flooded paddy surface.

The number of seedling per m? were from 103 to 110 plants, and seedling ratios were ranged
from 66.7% to 71.2%. The lodging occurrence were increased in order to the nitrogen levels 15
kg, 10 kg, 5 kg /10a, and the lodging resistant varieties ; Dongjinbyeo and Cheongmyungbyeo
showed less values of field lodging than those of lodging susceptible varieties ; Daecheongbyeo,
Palgongbyeo and Hwaseongbyeo. The lodging resistance was decreased in semidwarf varieties
compare with long culm varieties, but Dongjinbyeo, long culm variety has lodging resistance.
The occurrence of lodging decreased with lower values in top moment, but with higher values in
the breaking moment with leaf sheath. The root dry weight positively correlated with weight of
culm base, but modulus of section was negatively correlated with bending curvature, respect-

ively.

Key words : Physical characteristics, Lodging resistance, Breaking moment, Bending curva-
ture, Modulus of section
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Table 1. Chemical properties of the paddy field soil before seeding

pH O.M. P05 Ex. cation (mg /100g) C.E.C. Si0,
Year
(1:5 H;0) (%) (ppm) K Ca Mg (me /100g) (ppm)
1991 4.9 2.5 - 32 0.27 3.0 1.2 6.0 51.4
1993 5.3 2.9 25 0.23 3.6 1.4 7.4 42.5
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Fig. 1. The several climatic factors for nineteen years, from 1972 to 1990, based on the meteoro-
logical data at Sungjoo Weather Observation Station. Monthly averages of 1991 and

1993 years are listed for comparison.
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Table 2. Seedling stand rates and number of plants per m? with different nitrogen levels in di-
rect seeding on flooded paddy surface in rice plant

Seedling rate(%)

No. of plants per m?

Variet

Y 5N 10N 15N 5N 10N 15N
Daecheongbyeo 68.3%/ 72.220 64.420 104eb 11020 98v
Palgongbyeo 76.9 73.430 71.3# 11082b 105° 10220
Hwaseongbyeo 57.8 65.8° 67.62b 94> 1070 1102
Cheongmyungbyeo 67.2b 69. 720 62.8v 1080 11230 10120
Dongjinbyeo 70,62 75.12 67. 420 1112 118 1062
Mean 68.2 71.2 66.7 109 110 103

1/ ; Duncan’s multiple range test at 5% level.

Table 3. Heading dates and growth duration with different years in direct seeding on flooded

paddy surface in rice plant

Heading date

Growth duration!/

Variety

1991 1993 1991 1993
Deacheongbyeo August 9 August 6 91 88
Palgongbyeo ” 1 ? 3 82 84
Hwaseongbyeo ? 8 4 90 86
Cheongmyungbyeo ” 6 7 4 87 85
Dongjinbyeo ” 12 9 94 91

1/ Number of days from seeding to heading.
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Table 4. The degree of lodging with different nitrogen levels in direct seeding on flooded paddy
surface in rice plant, 1991.

Degree of lodging (0 —9)/

Variety

5N 10N 15N

1991 1993

Daecheongbyeo 3.1%2/ 4.22 4.0° 7.22
Palgongbyeo 2.7 3.4° 3.4 7.0°°
Hwaseongbyeo 2.0° 3.0% 3.0° 5.4°
Cheongmyungbyeo 1.7 2.0¢ 2.1¢ 3.5°
Dongjinbyeo 1.5¢ 2.24 1.2¢ 4.2¢
Mean 2.2 3.0 2.6 5.5

1/: Degree of lodging ; 0 to 9( 9 ; complete lodging)
2/ : Duncan’s multiple range test at 5% level.

Table 5. Variation of internode length under different nitrogen levels in direct seeding on
flooded paddy surface in rice plant

Nitrogen Lodged plant Unlodged plant
Variety Internode length(cm) - Internode length(cm)
levels(kg)

1 2 3 4 5 al/ 1 2 3 4 5 BY
Daecheongbyeo 5 30,9 162 132 9.0 36 729 29.8 156 11.2 6.7 21 654
10 3.7 163 136 91 42 749 301 159 11.4 73 25 67.2
15 32.0 164 143 100 59 786 30.7 161 120 7.6 3.8 702
Mean 3.5 163 137 94 46 755 30.2 159 115 82 28 676
Palgongbyeo 5 30,6 17.3 12.7 85 21 71.2 297 163 11.7 7.3 26 67.6
10 322 17.6 137 91 34 760 310 165 125 7.7 34 711
15 326 193 14.7 10.7 49 822 313 181 131 94 40 759
Mean 31.7 181 137 94 35 764 307 17.0 124 91 33 715
Hwaseongbyeo 5 31.5 169 127 71 2.2 704 299 142 109 51 11 612
10 321 172 133 79 26 731 318 163 11.0 69 3.2 69.2
15 329 186 139 82 38 774 325 178 11.1 69 3.7 720
Mean 322 176 133 7.7 29 736 3L4 161 11.0 7.3 27 675
Cheongmyung- 5 286 152 124 97 23 682 279 133 11.6 74 24 626
byeo 10 294 156 138 98 23 709 287 140 11.5 75 26 643
15 30.3 17.0 14.1 11.2 4.7 77.3 306 153 121 84 2.6 69.0
Mean 29.4 159 134 102 31 721 291 142 11.7 88 25 653
Dongjinbyeo 5 304 158 11.7 87 48 71.4 296 158 10.3 7.5 3.4 66.6
10 321 167 11.8 104 54 764 302 164 104 83 48 701
15 325 16.8 120 104 6.1 77.8 313 167 109 86 52 727
Mean 31.7 164 11.8 98 54 752 30.2 163 105 81 45 698
Mean 5 244 163 125 86 3.0 708 294 150 114 6.8 23 647
10 315 167 132 93 36 743 304 158 114 75 3.3 684
15 32.0 17.6 13.1 101 5.0 787 31.3 168 11.4 82 3.8 72.0
Total 31.3 168 132 93 39 746 303 159 114 75 3.2 684

LSDO0.05 091 073 059 047 062 38 0.83 068 054 0.5 0.61 3.6

al/, b*/ ; Culm length(cm)
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Table 6. Physical characteristics of the culm related to lodging index and lodging resistance
with different nitrogen levels in direct seeding on flooded paddy surface in rice plant

Nitrogen Lodging Top Breaking moment  Breaking Modulus of Bending
Variety levels index moment  with leaf sheath ~ moment section  curvature
(kg) (g-cm) (g-cm) (g+cm) (mm3) (g - mm?)
Daecheong- 5 1.57 1325.3 842.8 734.5 17.1 488.0
byeo 10 1.69 1410.5 - 834.3 719.1 17.5 468.0
15 1.84 1582.9 859.3 693.5 18.3 433.6
Mean 1.70 1436.6 845.5 715.7 17.6 463.2
Palgong- 5 1.68 1484.4 883.5 720.8 17.8 461.1
byeo 10 1.70 1528.8 901.7 701.4 18.2 440.3
15 1.80 1637.2 910.8 683.9 19.3 406.1
Mean 1.73 1550.1 898.7 702.0 18.4 589.5
Hwaseong- 5 1.66 1407.6 850.2 730.2 16.1 515.6
byeo 10 1.69 1437.5 870.6 715.4 16.7 488.3
15 1.78 1581.1 887.9 697.6 17.8 448.1
Mean 1.71 1475.4 869.6 714.4 16.9 484.0
Cheongmyung- 5 1.24 1303.5 1051.1 881.3 121 811.0
byeo 10 1.29 1382.7 1073.3 860.7 12.3 781.1
15 1.36 1495.2 1101.7 830.5 13.7 679.2
Mean 1.30 1393.8 1075.4 857.5 12.7 757.1
Dongjin- 5 1.24 1385.8 1115.4 895.1 12.1 822.3
byeo 10 1.26 1423.4 1130.9 887.5 13.4 736.9
15 1.32 1541.5 1163.5 850.4 14.3 664.6
Mean 1.27 1450.2 1136.6 877.7 13.3 741.3
Total mean 1.54 1461.8 938.5 773.5 15.8 576.3
LSD 0.05 0.07 42.3 19.6 17.4 1.3 15.5

Table 7. Simple correlation coefficients among lodging characters with different nitrogen levels
in direct seeding on flooded paddy surface in rice plant

Characters Al B C D E F G H [ ] K L M
B 0.100
C 0.247 0.740*
D -0.206 0.627 0.553
E 0.526 0.418 0.451  —0.036
F 0.425 0.602* 0.388 0.105 0.623*
G 0,340 0,807 0.653* 0.328 0.685™  0.703"
H 0.604* 0.410 0.362  —0.135 0.806®  0.816™  0.693*
I 0.120 -0534* 0615 -0.597 —0.022 0.175  —0.275 0.247
] —0.014 0.731* 0.668*  0.755*  0.308 0.372 0.543* 0117 -0.454
K 0.881* -0.053 0.140  —0.390 0.402 0.334 0.187 0.5%* 0262 —0.163
L 0.73 —0373 ~0208 -—0.648°  0.287 0.149 -0.057 0.414 0.491  —0.500 0.846™
M 0.727  0.368 0.527 0.154 0.226 0.347 0.39% 0331  —0.166 0.311 0.671%  0.418
N 0.699*  0.460 0.560%  0.251 0.327 0.435 0.616* 0451 —0.169 0.389 0.576*  0.312 0.898~

* *¥  Significant at the 5% and 1% levels, respectively.

1/ A) Panicle length{cm), B) Leaf length(cm), C) No, of tillers, D) Leaf area(cm?), E) Leaf color(%),
F) Root dry weight(g), G) Weight of culm base(g), H) Breaking strength(g)(with leaf sheaths), 1)
Breaking strength(g)(without leaf sheaths), J) Straw weight(g), K) External diameter of culm(mm),
L) Internal diameter of culm(mm), M) Panicle weight(g), N) 1,000 grains weight(g)
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Fig. 2. Relationship between degree of lodg-
ing and culm length in direct seeding
on flooded paddy surface rice plant.

* Numbers in the figure show the cultivars as

follows ;

1,2,3 (N ; 5, 10, 15kg /10a) : Daecheongbyeo

4,5,6 (N :5, 10, 15kg /10a) : Palgongbyeo

7,8,9 (N :5, 10, 15kg /10a) : Hwaseongbyeo

10,11,12 (N; 5, 10, 15kg /10a) :
Cheongmyungbyeo

13,14,15 (N ; 5, 10, 15kg /10a) : Dongjinbyeo
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Fig. 3. Relationship between weight of culm
base and root dry matter on varieties
in direct seeding on flooded paddy sur-
face rice plant,

* Numbers in the figure show the cultivars as

follows;

1,2,3 (N; 5, 10, 15kg /10a) : Daecheongbyeo

4,5,6 (N;5, 10, 15kg /10a) : Palgongbyeo

7,8,9 (N :5, 10, 15kg /10a) : Hwaseongbyeo

10,11,12 (N ; 5, 10, 15kg /10a) :
Cheongmyungbyeo

13,14,15 (N : 5, 10, 15kg /10a) : Dongjinbyeo
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Fig. 4. Relationship between degree of lodg-
ing and lodging index on varieties in
direct seeding on flooded paddy sur-
face rice plant.

* Numbers in the figure show the cultivars as

follows ;

1,2,3 (N : 5, 10, 15kg /10a) : Daecheongbyeo

4,5,6 (N ;5, 10, 15kg /10a) : Palgongbyeo

78,9 (N ; 5, 10, 15kg /10a) : Hwaseongbyeo

10,11,12 (N ; 5, 10, 15kg /10a) :
Cheongmyungbyeo

13,14,15 (N : 5, 10, 15kg /10a) : Dongjinbyeo
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Fig. 5. Relationship between bending curva-
ture and modulus of section on
varieties in direct seeding on flooded
paddy surface rice plant,

* Numbers in the figure show the cultivars as
follows ;
1,2,3 (N : 5, 10, 15kg /10a) : Daecheongbyeo
4,5,6 (N;5, 10, 15kg /10a) : Palgongbyeo
7.8,9 (N;5, 10, 15kg /10a) : Hwaseongbyeo
10,11,12 (N ; 5, 10, 15kg /10a) :

Cheongmyungbyeo

13,14,15 (N ; 5, 10, 15kg /10a) : Dongjinbyeo
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