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Varietal Difference of the Cell Wall Components Affecting the Bending Stress of the Culm in Relation
to the Lodging Resistance in Paddy Rice : Taiichiro OOKAWA and Kuni ISHIHARA (Faculty of Agriculture,
Tokyo University of Agriculture and Technology, Fuchu, Tokyo 183, Japan)

Abstract : We investigated which cell wall components of the culm affect the bending stress of the culm using
seven rice cultivars. A small difference in the cell wall composition was noticed among the cultivars. The
relationship between this composition and the varietal difference of the bending stress was not found. In order
to clarify the relationship between the quantity of the culm materials and the bending stress, the densities of the
cell wall materials (the cell wall contents of the culm per volume of the culm tissue) were compared among
cultivars. There was a large varietal difference in the densities of glucose, xylose and lignin. In Tainung 67 and
Taichung 189 with a large bending stress, the densities of glucose, xylose and lignin were higher than those in
Koshihikari and Fujiminori with a small bending stress. On the other hand, in Milyang 23 with a large section
modulus and a small bending stress, the densities of glucose and xylose were as large as those in Tainung 67 and
Taichung 189, and the density of lignin in Milyang 23 was as small as those in Koshihikari and Fujiminori.
Furthermore, the partial correlation coefficients were calculated among the bending stress, the density of lignin
and the density of cell wall monosaccarides. The results showed that density of lignin of the culm was significantly
correlated with the bending stress (r=0.81) in the seven cultivars. The results of this study indicate that the
density of lignin is the main factor responsible for the varietal difference in the bending stress which is related
to the lodging resistance in paddy rice.

Key words : Bending stress, Cell wall component, Lignin, Lodging resistance, Paddy rice, Varietal difference.
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Table 1 Physical properties of the basal(5th)

INSOBEREY S LEEXRE, FHTH
55% T, 7YX /) HI51% L/NE L B 189 £
HI5T% L K&ED ST,

Fi2, Vv EERRIFEYITH 9% TH - 7z,
FOHRTEF I8 EM21%EKRE L, BH23 B
BE 11 B8 1T% /N Ehot, kB, Fo 7 a

internode. BERRIOTROMED 0%L<, HiE% 20 HE®E
Bending moment Section  Bending BRBRRNIET P IEEAES TR T h o7z,
of the culm modulus stress IO DEEREYS, KBRS OEKREE L
: N 3) / 2 . .
Variety  (grem) (mm?) @m0 o BTSN DB ko B R
Koshihikari 815a 7.6a  108la T T -
Fujiminori 973 a 11.0b 894 ab . ’ -
Taichung 189 1655 12.3b  1342d DI, BEMRT OVMHEOR L BOMITITS &
Tainung 67 1572 ¢ 10.8b  1469d DR E A 510, BEAEBRERL Y EWE, T2
Chugoku 117 1450 ¢ 17.8¢ 823 a LHEGYIEE GBI THE L (FE3XR), BERE
Milyang 23 2118d 21.8d 976 bc FI WAL ERY., TUE 0
Nanjing 11 1239b 12.0b  969abc TRCBHTIENONELIYEAY, TIIY,

* Within columns, means followed by the same
letter are not significantly different at the 0.01
level of probability according to the Duncan’s
multiple range test.

FE 17T S ORYEE I 150 ug/mm® TH 2 O
XL T, IS HDOREVWEE 67T 5 L5 189 &
DEEE L 200 ug/mm® TH-7:, %8, 2V ¢k
A1) 7z £ L [ERRIC BT IS O/ & WG RRAE O FRG

Table 2 Composition of the cell wall materials in the fifth internode.

Cell wall monosaccharide

Starch Lignin
Arabinose Xylose Mannose Galactose Glucose
Variety % % % % % % %
Koshihikari 2.98+0.09 14.52+0.31 0.95+0.22 1.62%+0.37 35.53+0.82 0.0 +0.0 18.90+0.04
Fujiminori 2.63£0.04 13.55%+0.13 0.68+0.06 1.62+0.09 32.04+0.04 0.33+0.23 19.20+0.30
Taichung 189 2.98+0.02 15.41+0.03 0.62+0.01 1.49+0.06 36.80%+0.10 0.23+0.20 20.90+0.56
Tainung 67 2.73%£0.02 13.61+0.08 0.84+0.09 1.77+£0.12 34.50+0.17 1.62+0.03 19.11+0.21
Chugoku 117  2.50%+0.03 13.81%0.14 0.794+0.10 1.74+0.02 34.06%0.20 0.06=+0.05 19.06-+0.18
Milyang 23 3.45%£0.01 15.17+0.16 0.84+0.09 1.70%+0.09 35.06+0.26 0.11%£0.10 16.97+0.88
Nanjing 11 3.46+0.10 14.23%+0.23 0.80+0.01 2.14+0.01 33.89+0.82 0.82+0.36 17.06+0.45

Table 3 Comparison of the length, transverse section area, volume, dry matter
weight and dry matter density in the fifth internode.

Length Section Volume Dry matter Dry matter
area weight density#

Variety (mm) (mm?) (mm?) (mg) (ug/mm?)
Koshihikari 73.8 ¢ 9.4 a 689.4 a 106.9 a 155.8 b
Fujiminori 74.5 ¢ 12.1 b 897.7 b 134.6 b 150.8 b
Taichung 189 67.5 bc 12.8 b 863.8 b 171.2 ¢ 199.5 ¢
Tainung 67 71.1 ¢ 11.6 b 823.1 ab 173.9 ¢ 213.1 ¢
Chugoku 117 68.0 bc 15.5 ¢ 1053.0 ¢ 164.6 ¢ 157.0 b
Milyang 23 49.3 a 17.5 d 857.3 b 162.8 ¢ 191.0 ¢
Nanjing 11 56.1 ab 12.6 b 705.3 a 124.6 ab 124.6 a

* Within columns, means followed by the same letter are not significantly different at
the 0.01 level of probability according to the Duncan’s multiple range test.

# Dry matter density of the fifth internode equals the dry matter weight divided by
the volume.
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Table 4. Density of the cell wall monosaccharides in the fifth internode.
Cell wall monosaccharide
Arabinose Xylose Mannose Galactose Glucose Total
Variety pug/mm?® ug/mm®  pg/mm? pg/mm? ug/mm®  pg/mmd
Koshihikari 4.3 21.0 1.4 2.4 51.6 80.7
Fujiminori 3.6 18.6 0.9 2.2 44.0 69.3
Taichung 189 5.5 28.4 1.1 2.7 67.8 105.5
Tainung 67 5.4 26.8 1.7 3.5 67.9 105.3
Chugoku 117 3.6 19.7 1.1 2.5 48.5 75.4
Milyang 23 6.3 27.6 1.5 3.1 63.9 102.4
Nanjing 11 5.9 24 .4 1.4 3.7 58.0 93.4
Table 5. Density of the insoluble materials in the fifth internode.
Cell wall mono- Lignin Starch Other Total
saccharides components
Variety pg/mm?® pug/mm?®  gg/mmd  pg/mm®  pg/mm?
Koshihikari 80.7 27.5 0.0 37.1 145.4
Fujiminori 69.3 26.4 0.5 41.1 137.2
Taichung 189 105.5 38.5 0.4 39.7 184.1
Tainung 67 105.3 37.6 3.2 50.8 196.7
Chugoku 117 75.4 27.2 0.1 39.9 142.5
Milyang 23 102.4 30.9 0.2 48.7 182.2
Nanjing 11 93.4 29.2 1.4 47.2 171.2
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Fig. 1. Relationship between the bending stress and the density of cell wall materials (cell wall

monosaccharides and lignin) in the fifth internode among seven cultivars.
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Fig. 2. Comparison of the bending moment at breaking and the dry matter weight per internode

length among different internode positions of the culm.
O : Koshihikari, & : Fujiminori, @ : Tainung 67, A : Taichung 189.
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