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Summary

This study was conducted to investigate the chemical components of culm that influencing the 
resistance to lodging and the in vitro digestibility in indica type rice plants. Indica type rice plants 
with three levels of lodging resistance were used; resistant type (RT), intermediate type (IT) and 
susceptible type (ST). For each type there were four varieties.

Culm length was shorter in RT and longer in ST (98.1 cm vs. 151.8 cm). Silica content in the 
culm was highest in RT and lowest in ST (11.0% vs. 7.6%). There was no difference in the level of 
acid detergent lignin (ADL) between the 3 levels of lodging.

For the 12 straw samples, in vitro organic matter digestibility (IVOMD) was negatively correlated 
with silica content (r = —0.664, p < 0.05) but ADL had no significant effect (r = -0.454, p > 0.05). 
Digestibility was more closely correlated with the sum of silica and ADL (r = —0.747, p < 0.01) than 
silica alone.

It was concluded that rice plants showed resistance to lodging when the culm was short and its 
structure was reinforced with larger quantities of silica. However these silicified straws were less 
digestible.
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Introduction

Rice is the most important cereal grain in 
Asia. Resistance to lodging is an important factor 
in both the production of grain for human 
consumption and c니m, or straw for animal feed. 
Lodging resistance of cereal plant depends not 
only on the morphology but also on the chemical 
components of the culm.

In 1930 Davidson and Phillips showed that 
the resistance to lodging in wheat was related 
to a higher content of silica and ash, and a low 
content of lignin. However, Welton (1928) and 
Mulder (1954) both reported that resistance to 
lodging was related to a higher content of lignin 
in the culm.

Selecting rice for high silica will reduce lodging 
but the straw could have a lower digestibility 
than straw from varieties susceptible to lodging.

Both silica and lignin have been shown to depress 
the digestibility due to the protection of fibrous 
materials from the attack by rumen microbes 
(Jones and Handreck, 1967), although Minson 
(1971) could find no effect of silica on the 
digestibility of the organic matter in species of 
Panicum.

This study examines the chemical components 
of culm that influence lodging and in vitro di
gestibility in indica type rice plant.

Materials and Methods

Forty four varieties of indica type rice plants 
were grown and fertilized with a mixture of P2O5- 
K2O at the rate of 0.6 kg/a at the Kyushu 
University Farm in 1986. Their inherent resistance 
to lodging had been known and its extent had 
been described, for the five levels of 1 [strong 
(resistant)] >3> 5[intermediate] > 7>9[very weak 
(susceptible)] according to the report of IRRI 
(1980).

Four varieties were selected of the resistant 
type (RT), intermediate type (IT) and susceptible 
type (ST). When mature, the rice was cut 10 cm 
above the ground level, threshed and the culm 
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length measured.
The culms were dried at 65for 48 hr, 

chopped into 3 cm length and samples ground 
in a laboratory-mill fitted with a 1.0 mm aperture 
screen prior to chemical analyses. Cell wall com
ponents were determined by the methods of 
Goering and Van Soest (1970) and ash by com
bustion at 6001 for 3 hr. In vitro organic matter 
digestibility (IVOMD) was determined by the 
method of Minson and McLeod (1972) using 
rumen fluid collected from the rumen of fistulated 
goats fed alfalfa hay.

The statistical analyses of the data were car
ried out according to the methods described by 
Snedecor and Cochran (1967).

Results and Discussion

1. Culm length of rice straw and lodging resist
ance

Culm length differed significantly between the 
varieties (table 1). Resistant varieties had a mean 
culm length of 98.1 cm compared with 15).8 cm 
for the susceptible type. This result is in agree
ment with that of Brady (1934) who showed that 
resistant to lodging was associated with culm 
length.

2. Chemical composition of rice straw and lodging 
resistance

Table 1 shows chemical composition of rice 
plants grouped according to their lodging charac
ters. Silica content was higher with the resistant 
varieties compared with the susceptible or 
intermediate type. Ash was higher with the resist-

TABLE 1. CULM LENGTH AND 아1EMICAL COMPOSITION1 OF STRAWS OF IN이CA TYPE RICE PLANTS 
COLLECTED AND 미VIDED INTO THREE TYPES BY TH티R LODGING CHARACTERISTICS

Lodging Culm length NDF2
(%)

Silica 
(%)

Ash 
(%)

ADL3
(%)

IVOMD'1
(%)characteristics (cm)

I. RT (resistant type)
HO I4165 69.7 73.2 11.7 18.9 5.3 45.4
HO 1414 77.5 72.3 12.4 19.0 4.7 44.6
TAL 440 120.6 68.3 10.6 16.3 4.7 54.4
TAL 441 124.5 67.0 9.1 15.6 4.7 58.5

Mean 98.1ab 70.2a 11.0a 17.5a 4.9a 50.7a

II. IT (intermediate type)
HO 1181 110.2 64.1 9.1 15.4 4.1 52.3
HO 1390 110.4 70.8 9.0 16.0 3.6 51.0
HO 1405 110.1 71.4 11.9 20.7 4.8 42.0
HO 1177 147.2 73.0 10.3 17.8 8.2 43.9

Mean 119.5% 69.8a I0.Ia 17.5a 5.2a 47了

III. ST (susceptible type)
TAL 429 124.8 72.3 7.8 14.3 5.7 47.6
TAL 431 147.2 62.8 5.7 10.9 4.5 58.0
HO 1442
HO 1197

164.7 70.2 8.5 15.3 4.6 51.0
170.6 69.8 8.3 14.3 4.6 49.3

Mean 151.泸 68.8a 7.6b 13.7b 4.9a 51伊

% dry matter basis.
Neutral detergent fibre.
Acid detergent lignin.
In vitro organic matter digestibility.
Code indicating a variety of indica rice plant.
Mean values in each column with different superscript letters are significantly different (p < 0.05).
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ant and intermediate groups than susceptible 
varieties. This observation on silica and ash agrees 
with the report by Davidson and Phillips (1930). 
There was little difference in neutral detergent 
fibre (NDF) between the three levels of lodging 
resistance. Acid detergent lignin (ADL) was also 
similar among the 3 groups of lodging resistance. 
This result is contrary to the observation of 
Welton (1928) who showed that lodging was 
associated with a lower content of lignin per unit 
length of culm and that of Mulder (1954) who 
found that lodging was related to a lower content 
of lignin in the second lowest internode. Davidson 
and Phillips (1930) however showed that highly 
lignified culm was brittle and tended to break 
rather than bend under the violent impact of 
winds.

3. Chemical composition of straw affecting 
digestibility in vitro

The IVOMD of the 12 straws was negatively 
correlated with the content of silica (r = —0.664, 
p < 0.05) (figure 1) and ADL (r = -0.454, p > 
0.05). Digestibility was more closely correlated 
with the sum of silica (X) and lignin (Z) (r = 

—0.747, p < 0.01) (figure 1) than silica alone 
with the regression Y = 73.99 - 1.67 (X + Z). 
Van Soest (1982) also showed that digestibility 
was more closely related to the sum of silica and 
lignin than either alone.

From this study, it is concluded that rice 
straw shows resistance to lodging when its culm 
length is shorter and contains larger quantities 
of silica, but the more silicified straw is Jess 
digestible.
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Figure 1. Relationships between in 
in rice straw with three 
susceptible type (□).

vitro organic matter digestibility and silica or sum of silica and ADL 
levels of lodging: resistant type (o), intermediate type (△) and
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