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Changes in Physical and Chemical Characteristics of Culm Associated with Lodging Resistance in Paddy
Rice under Different Growth Conditions and Varietal Difference of Their Changes : Taiichiro OOKAWA,
Yasuhiro TODOKORO and Kuni ISHIHARA (Faculty of Agriculture, Tokyo University of Agriculture and Technology,
Fuchu, Tokyo 183, Japan)

Abstract : The present investigation was undertaken to examine which physical and chemical characteristics of
the culm associated with lodging resistance changed under different growth conditions using three varieties. Three
different conditions were prepared : (1) “Border” (Border of the rice population was made by reaping several
rows in the south side at the maximum tiller number stage, and rice plants were grown under strong light intensity
and low humidity compared with “Control”.), (2) “Shade” (509, Shade of the population was treated from the
maximum tiller number stage to heading time) and (3) “Control” (Untreated rice population). Change in the
degree of lodging and the lodging index was largely dependent on variation in the breaking strength of the basal
internode. The breaking strength was much larger in “Border” and much smaller in ‘“Shade’ than that in
“Control” for all varieties. The degree of change in the breaking strength was more pronounced in Koshihikari
which has a small breaking strength, however, the change was smaller in Taichung 189 or Milyang 23 which have
large breaking strength. With the exception of “Shade” in Milyang 23 with a large section modulus, these changes
in the breaking strength were not due to the section modulus but rather to the bending stress. The density of
glucose, xylose and lignin were correlated with the bending stress in each variety, and their correlations were the
closest on Taichung 189. The degree of the increase in bending stress accompanied by a concomitant increase
in the densities of xylose and lignin was much larger in Taichung 189 and Koshihikari than in Milyang 23, and
the efficiency of the increase in bending stress to the increase in density of lignin was the highest in Taichung
189.

Key words : Bending stress, Cell wall component, Growth condition, Lignin, Lodging resistance, Paddy rice,
Varietal difference.
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Table 1. Comparison of the degree of lodging, the culm length and the
ear weight of the main stem immediately after typhoon hitting
during the ripening stage.

Degree of Culm length Ear weight
Variety Plots lodging (cm) (gF. W)
Koshihikari Control? 5Y 106.6 3.2
Border® 0 98.1*** 3.9*
Shade? 5 96.2%** 1.4**>
Taichung 189  Control 0 102.0 4.7
Border 0 93.0*** 5.6%**
Shade 3 98.9 1.4**>
Milyang 23 Control 0 78 .4 4.8
Border 0 65.4%** 6.7***
Shade 0 69.5%** 2.4%**

1) 0 : no lodging, 5:the most severe lodging.

2) No treated rice population.

3) Border of rice population was made by reaping several rows in the south

side at 40th day before heading, and rice plants were grown under

strong light intensity and low humidity compared with control.

50% shade of rice population by cheese cloth was treated from 40 th day

hefore heading to heading time.

¥ x* *xx GSignificantly different from the control at the 0.05, 0.01 and
0.001 probability levels, respectively.

N
o

Table 2. Comparison of the lodging index and the physical characteristics related to
the lodging resistance.

Variety Plots Lodging index WP (g-cm) MLS? (g+cm)
Koshihikari Control 1.8 2135 (100)® 1183 (100)
Border 1.1**> 2263 (106) 2096 (177)***
Shade 1.5%** 1249 ( 59)*** 860 ( 73)***
Taichung 189 Control 1.2 2864 (100) 2356 (100)
Border 1.1 3207 (112)* 2946 (125)***
Shade 1.4% 1792 ( 63) *** 1318 ( 56)***
Milyang 23 Control 1.1 2605 (100) 2503 (100)
Border 1.1 3459 (133)** 3169 (127)*
Shade 1.0* 1508 ( 58)*** 1590 ( 64)***

1) WP: Bending moment by whole plant added to the basal internode.

2) MLS: Bending moment of the basal internode with leaf sheath at breaking.

3) Percent values relative to the control.

* x* x> Significantly different from the control at the 0.05, 0.01 and 0.001 probability
levels, respectively.
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Table 3. Physical properties of the basal (5th) internode.
Bending moment Section Bending
of the culm modulus stress
Variety Plots (gecm) (mm?) (g/mm?)
Koshihikari Control 864 (100)# 7.7 (100) 1130 (100)
Border 1666 (190)*** 8.0 (104) 2080 (184)***
Shade 595 ( 69)*** 7.5 (97) 808 ( 72)***
Taichung 189  Control 1550 (100) 10.3 (100) 1515 (100)
Border 2282 (147)*** 10.4 (101) 2207 146) **
Shade 920 ( 59)*** 11.0 (107) 844 ( 56)***
Milyang 23 Control 1669 (100) 19.8 (100) 848 (100)
Border 2588 (155)*** 19.0 ( 96) 1361 (161) **
Shade 985 ( 59)*** 16.8 ( 85)** 586 ( 69)***

*, **, *** Significantly different from the control at the 0.05, 0.01 and 0.001
probability levels, respectively.
#: Percent values relative to the control.
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Table 4. Composition of the cell wall materials in the fifth internode.
Cell wall monosaccharide
Lignin Starch
Arabinose Xylose Mannose  Galactose Glucose
Variety Plots % % % % % % %
Koshihikari Control 2.45+0.01 12.82+0.70 1.37+0.30 0.68%+0.24 34.33x0.71 16.56=0.04 0.60+0.42
(2.46)* (12.89) (0.68) (1.38) (34.58) (16.65)
Border 1.93+0.05 8.91+0.15 1.57+0.17 0.90+0.14 30.47+0.03 13.17%£0.29 22.20%0.80
(2.41) (11.13) (1.12) (1.96) (40.85) (16.46)
Shade 1.60+0.03 8.20+0.47 1.79+0.41 0.46%0.02 27.18+£0.90 10.90%0.22 23.89+0.16
(2.04) (10.45) (0.59) (2.28) (37.67) (13.89)
Taichung 189 Control 2.03+0.10 10.60+0.07 1.84+0.26 1.04%+0.34 32.26%+0.59 17.58%+0.18 6.1230.11
(2.15) (11.22) (1.10) (1.95) (34.79) (18.61)
Border 1.42+0.06 6.26%+0.40 1.72%+0.23 0.86+0.58 22.77+0.88 10.51%+0.87 30.15%0.05
(1.95) (8.59) (1.18) (2.36) (35.38) (14.42)
Shade 1.88+0.46 6.03£0.01 1.62+0.06 0.90+0.06 18.48+1.55 13.05%1.01 22.04£0.43
(2.35) (7.42) (1.12) (2.02) (25.80) (16.28)
Milyang 23 Control  2.33+0.18 10.54+0.32 1.900.06 1.19+0.33 28.19+0.81 15.96%1.04 0.46%0.46
(2.34) (10.58) (1.19) (1.91) (28.77) (16.03)
Border 2.26+0.16 10.18+0.64 1.87x0.12 0.93+0.08 29.47+1.65 13.98:£0.10 12.59+0.64
(2.55) (11.48) (1.05) (2.11) (34.66) (15.77)
Shade 1.46+0.24 5.12+0.52 1.45+0.01 1.01+£0.05 24.02+1.58 9.85+0.45 24.85+0.37
(1.88) (6.60) (1.30) (1.87) (34.14) (12.69)

*Percent values relative to the cell wall materials (insoluble materials except starch).

Table 5. Comparison of the length, transverse section area, volume, dry matter and dry matter
density in the fifth internode.
Length Transverse Volume Dry matter Dry matter
section area density
Variety Plots (mm) (mm?) (mm?) (mg) (eg/mm?)
Koshihikari Control 70.7 9.5 666.5 113.9 171.2
Border 53.6%** 9.9 523.6*** 199.5*** 383.6***
Shade 70.3 9.8 686.4 131.0 194.4*
Taichung 189 Control 74.2 11.3 839.6 177.6 213.3
Border 66.7* 11.5 763.5 341.4*** 452 .2***
Shade 85.9 12.0 1010.2** 209.2* 206.5
Milyang 23 Control 55.2 16.3 898.6 154 .4 173.6
Border 42 .6*** 16.2 692.2*** 204.1* 309.5**
Shade 74 .5*** 15.1* 1121.9** 233.0** 206.0*

*, **, ***Significantly different from the control at the 0.05, 0.01 and 0.001 probability levels,
respectively.
* Dry matter density of the fifth internode is divided the dry matter weight by the volume.
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Table 6. Density of the insoluble materials in the fifth internode.
Cell wall Lignin Starch Other Total
monosaccharides component
Variety Plots ug/mm? xg/mm? ug/mm? ag/mmd p#/mm?
Koshihikari Control 80.4 25.7 0.8 48.5 155.4
Border 157.1 45.0 68.2 71.2 341.5
Shade 71.2 18.7 36.8 44 .5 171.3
Taichung 189 Control 91.2 33.1 10.4 53.8 188.4
Border 153.7 44.8 115.7 112.2 426.5
Shade 57.5 22.3 33.9 57.2 170.9
Milyang 23 Control 69.8 25.2 0.7 62.2 157.8
Border 124.7 37.9 30.7 77.9 2713
Shade 66.5 18.4 41.8 60.3 187.0
* Other component indicates the other insoluble materials (insoluble proteins et al.).
Table 7. Density of the cell wall monosaccharides in the fifth internode.
Cell wall monosaccharide
Arabinose Xylose Mannose Galactose Glucose Total
Variety Plots pg/mm?® pg/mm®  gg/mm®  ug/mm?® pug/mm®  gg/mm?
Koshihikari Control 3.8 19.9 1.1 2.1 53.5 80.4
Border 6.6 30.4 3.1 5.4 111.6 157.1
Shade 2.7 14.0 0.8 3.1 50.6 71.2
Taichung 189 Control 3.8 20.0 2.0 3.5 61.9 91.2
Border 6.1 26.7 3.7 7.3 109.9 153.7
Shade 3.2 11.5 1.5 2.8 38.5 57.5
Milyang 23 Control 3.7 16.6 1.9 3.0 44.6 69.8
Border 6.1 27.6 2.5 5.1 83.4 124.7
Shade 2.7 9.6 1.9 2.7 49.6 66.5
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Fig. 1. Relationship between the bending stress and the density of the cell wall materials
(glucose, xylose and lignin) in the basal (5th) internode.
® : Koshihikari, a: Taichung 189, BMilyang 23
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