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Abstract : To clarify lodging resistance of high yield examples, characters related to lodging of Shan You 63 (F,
hybrid rice) with 965 gm~2 of a brown rice weight were analyzed. There were various factors for early lodging
regarding external morphological characters. The lodging index (a distance between fulcra in 5 cm) at the 4th
internode from the top (N,) at maturity was more than 200. High yield of Shan You 63 was obtained under quite
dangerous conditions as regards lodging. The reason for increase in the lodging index at N, was low breaking
resistance. This phenomenon could be explained by a high rate of translocation of non-structural carbohydrate
(NSC) and total nitorogen (N) from the culm and leaf to ear, and an extreme decrease in dry weight per unit
length of the portion lower than N, at maturity. To consistently obtain a yield exceeding 965 gm~2 in Shan You
63, it is necessary to develop cultivation techniques to store more NSC, N and dry matter in the culm and leaf
sheath and ear.
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concerning lodging of Shan You 63 investigat-
ed in the previous paper".

Materials and Methods

In the rice growing area of the central and
southern parts of China many cases of lodging
by strong winds, heavy rain and excessive use
of fertilizer occur!®. Therefore, to ensure con-

sistent high yields, lodging resistance is one of The degree of lodging and characters

the most important factors. The culm of F,
hybrid rice was thick and tough at the time of
heading '®. This is an important characteristic
for avoiding lodging and reaping high yields,
but various characteristics regarding the culm
are still unknown in a range of nearly 1000
gm~2 as brown rice yield. After analyzing the
characters related to lodging of an example of
high yield, it is possible to obtain measures for
consistent high yields.

This report is an analysis of characters

related to lodging were surveyed for each plot
of Ganyu and Donghai Counties in Lianyun-
gang, Jiangsu Province and Kyoto Prefectural
University?. The degree of lodging was deter-
mined based on the standard of Seko!® at
maturity. Three hills with mean culm number
from each plot were collected at maturity. Half
the number of the culms were picked from
each hill at random, then the length of leaf
blades from the top to the 3rd (L,, L,, L;) and
culm length, internode length (N,, N,, N,
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from the top) were measured.

Regarding N, and N,, breaking resistance
and bending moment (length from the basal
part of an internode that measured breaking
resistance to the top of earXfresh weight of
the plant from the basal part of an internode
that measured breaking resistance to the top
of ear) were measured with leaf sheath
attached, and then lodging index (bending
moment/breaking resistance X 100) was
calculated!®. For measurement of breaking
resistance, a culm bending hardness tester
(Fujiwara Seisakusho) was used and during
the test, the distance between fulcra of the
tester was set as 5 cm.

After removing the leaf sheath, materials
were power dried for 2 days at 80 to 90°C, and
the dry weight of every internode was
measured. Furthermore, the total sugar-+
crude starch (non-structural carbohydrate :
NSC) 17 of each part of the plants was mea-
sured at heading and maturity. NSC was
fractionated using the method of Murayama
et al.'”, then reducing sugar was determined
with an auto-analyzer'®.

Twenty days after heading, the ratio of

living-leaf sheath in the 4th leaf sheath from
the top (culm number with living-leaf sheath/
total-culm number X 100) covered N,, was
observed indicated in round numbers. The
others, numerical values reported previously?,
such as brown rice weight necessary for analy-
sis, ear number per m? Leaf Area Index
(LAI) at heading, dry weight of every part of
the rice plant at heading and maturity, total
nitrogen (N) content, the amount of absorbed
N until heading were also applied in this

paper.
Results

1. Degree of lodging and external

morphology

Lodging was not observed in Shan You 63
and Koganebare in Ganyu County or Xu You
3-2 in Donghai County, but lodging was
observed for each Nipponbare in Donghai
County and Kyoto. Degree of lodging was 3rd
(Medium) and 2nd (Slight), respectively.

Culm length, each internode length, length
of the basal internode (N,+N;+N,)?, and
ratio of Ng-elongated culm (number of culms
which N, elongated more than 5 cm/total

Table 1. Culm length, internode length, basal-internode length, and ratio of N-elongated culm.

Variety Culm length
Location used (cm)

Internode length (cm)

N, N, N, N,
Ganyu county Shan You 63 83.1+t4.8 36.7+3.5 21.5x1.2 10.6x1.4 8.4+0.9
Koganebare 73.914.5 34.3+3.2 206+1.1 11.0+1.2 6.9%+0.6
Donghai County Xu You 3-2  76.9+4.7 33.1+3.6 21.8+1.4 11.8%x1.3 7.6%+0.7
Nipponbare 80.8t4.6 35.2+3.1 22.7+1.0 13.3x1.4 7.2x0.7
Kyoto Nipponbare 80.3+4.3 38.0+£3.0 23.6+1.2 11.1£1.2 6.3+0.8
Variety Basal- Ratio of Nj-
Location used internode elongated culm**
length (cm) * (%)
Ganyu county Shan You 63 14.3+3.0 70
Koganebare 8.0t2.8 0
Donghai County Xu You 3-2 10.2+2.6 44
Nipponbare 9.6+2.3 20
Kyoto Nipponbare 7.6+£2.1 3

N,, N,, N,---indicate 1st, 2nd and 3rd---internodes from the top, respectively.
% Basal-internode length : N, + N, +N;. %% Ratio of N,-elongated culm : Culm number which N
elongated more than 5 mm/total culm number X 100.
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Table 2.
length and ear number per m?.

Total length of upper-three leaf blades, LAI at heading and product of basal-internode

Basal-internode

. Variet Total length of upper LAI at
Location used ’ three leafg blades (Tr)n) heading length™ X ear
number per m?
Ganyu County Shan You 63 139.5+12.4 10.62 5162
Koganebare 107.0+10.1 7.18 4000
Donghai Ciunty Xu You 3-2 130.8+11.8 8.17 4529
Nipponbare 127.94+10.5 7.70 4723
Nipponbare 124.31+10.9 6.05 3169

% Values showed in Table 1.

Table 3. Breaking resistance, bending moment and lodging index at maturity.
Breaking Bending Lodging
‘ Variety resistance* moment™** index***
Location d
use N, N, N N, N, N,

Ganyu County Shan You 63 351.3  556.1 1070.1  1289.3 1941 231.9
Koganebare 413.6  559.0 551.9 659.0 133.4 117.9
Donghai County Xu You 3-2 453.5 530.6 823.7 1036.7 181.6 195.4
Nipponbare 330.0 320.7 599.7 725.3 181.7 226.1
Kyoto Nipponbare 288.0 616.0 849.3  1061.5 295.0 172.0

* Distence between fulcra: 5 cm. %% Bending moment : Length from the base of an internode

that measured breaking resistance to the top of ear X fresh weight of the same part.
*%%* Lodging index : Bending moment/breaking resistance X 100. N, and N, : Refer to Table 1.

number of culms X 100) were shown in Table
1. The length of culms of Shan You 63 was
83.1 cm and the longest, Xu You 3-2 was
shorter than Nipponbare. N, of Shan You 63
was between Nipponbare in Donghai County
and Kyoto, N, and N; were shorter than
Nipponbare, and N, was longer than Nippon-
bare. The basal internode of Shan You 63 was
clearly longer than Nipponbare. Ratio of
N,-elongated culm was 709, in Shan You 63
and extremely high. It was also higher in Xu
You 3-2 than in Japanese varieties.

In table 2, the total length of the upper
three leaf blades, LAI at heading and the
product of basal internode length and ear
number per m? are shown. The total length of
the upper three leaf blades was 139.5 cm in
Shan You 63 and very long, and Xu You 3-2
was also longer than that of Nipponbare. LAI
in Shan You 63 was 10.62 and the largest,
followed by Xu You 3-2. The product of the
length of the basal internode and number of
ears per m? was highest in Shan You 63.

2. Breaking resistance, bending

moment and lodging index

In Table 3, beaking resistance, bending
moment and lodging index were shown. Brea-
king resistance of Shan You 63 at N, was
highest. Breaking resistance at N, was larger
than Nipponbare in Donghai County, but
smaller than that of Nipponbare in Kyoto
with a 2nd degree lodging. Breaking resistance
of Xu You 3-2 at N; was larger than in
Japanese varieties, but at N,, it was smaller
than that of Nipponbare in Kyoto. Bending
moment at Ny and N, of Shan You 63 were
remarkably large. That of Xu You 3-2 was
larger than Japanese varieties in China. Lodg-
ing index of Shan You 63 at N; followed that
of Nipponbare in Kyoto and was highest at
N,. Lodging index of Xu You 3-2 at N; and
N, were approximately the same as Nippon-
bare in Donghai County.

3. Changes in NSC and N content in

the culm+leaf sheath during ripening

Changes in NSC were shown in Table 4 and
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Table 4.
during ripening.

Change in non-structural carbohydrate(NSC) content in the culm+leaf sheath and ear

Content in the culm Amount of Trans-
Location Variety +leaf sheath{(gm2) transloca- location
used tion into ratio**
Heading (A) Maturity (B) ear (gm~2)*
Ganyu County Shan You 63 282 .4 76.6 205.8 72.9
Koganebare 174.8 145.8 29.0 16.6
Donghai County Xu You 3-2 70.1 58.8 11.3 16.1
Nipponbare 97.2 83.7 13.5 13.9
Kyoto Nipponbare 199.9 133.1 66.8 33.4
Content in ear Amount of
Location Variety (gm~2) accumulation
used in ear***
Heading(C)  Maturity (D) (gm~2)
Ganyu County Shan You 63 15.1 897.7 882.6
Koganebare 7.6 518.9 511.3
Donghai County Xu You 3-2 11.6 763.0 751 .4
Nipponbare 9.0 493.1 484 .1
Kyoto Nipponbare 10.3 574.0 563.7

* Amount of translocation into ear: A—B,
*3%% Amount of accumulation in ear : D—C,

those in N in Table 5. NSC of the culm+leaf
sheath at heading was extremely high in Shan
You 63, but markedly decreased up to matu-
rity. NSC of Xu You 3-2 at heading and
maturity were lower than Japanese varieties.
In this study, the difference in content at
heading and maturity was regarded as the
translocation of NSC into the ear!'''? and
then the ratio of translocation [ (NSC in the
culm-leaf sheath at heading —NSC in the
culm+leaf sheath at maturity) / (NSC in the
culm+leaf sheath at heading)] was calcu-
lated. Strictly speaking, re-accumulation and
the consumption by respiration have to be
considered?. The ratio of translocation of
Shan You 63 was extremely high, and that of
Xu You 3-2 lower than in Nipponbare in
Kyoto. NSC of the ear at maturity was highest
in Shan You 63, followed by that in Xu You
3-2.

N in the culm+leaf sheath at heading in
Shan You 63 was highest, but was less than
Koganebare at maturity. Regarding N, the
ratio of translocation was estimated in the
same way as for NSC. That of Shan You 63

s%Translocation ratio: (A—B) /A X 100.

was highest. N in the ear of Shan 63 was
clearly higher than Japanese varieties.

4. Culm-dry weight per unit length at

maturity, and ratio of living-leaf sheath

in the 4th-leaf sheath from the top 20

days after heading.

Culm-dry weight per unit length at maturity
and ratio of living-leat sheath 20 days after
heading were shown in Table 6. The culm-dry
weight per 1 cm of Shan You 63 was clearly
low at the portion lower than N,. N, of
Nipponbare in Donghai County and N; of
Nipponbare in Kyoto, with low breaking resis-
tance, also showed low values. Ratio of living-
leaf sheath in the 4th-leaf sheath was remark-
ably low in Shan You 63.

Discussion

Degree of lodging showed a positive correla-
tion to length, such as culm length, length of
the basal internode, total length of the upper
three leaf blades, and ratio of Ng-elongated
culm in various cases®*®%!%  Among them,
length of the basal internode is particularly
important®. All of those values were promi-
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Table 5. Change in total nitrogen(N) content in the culm+leaf sheath and ear during ripening.
Content in the culm Amount Trans-
Location Variety +leaf sheath(gm~2) of trans- location
used location into ratio**
Heading (A) Maturity (B) ear (gm~2) *
Ganyu County Shan You 63 7.3 3.5 3.8 52.1
Koganebare 6.0 4.4 1.6 26.7
Donghai County Xu You 3-2 6.0 3.6 2.4 40.0
Nipponbare 5.0 3.0 2.0 40.0
Kyoto Nipponbare 3.3 2.9 2.4 45.3
Content in ear Amount of
Location Variety (gm~2) accumulation
used in ear***
Heading (C) Maturity (D) (gm~2)
Ganyu County Shan You 63 2.2 15.8 13.6
Koganebare 1.7 11.3 9.6
Donghai County Xu You 3-2 1.6 15.0 13.4
Nipponbare 1.9 13.2 11.3
Kyoto Nipponbare 1.4 11.7 10.3

* Amount of translocation into ear : A—B. 3% Translocation ratio: (A—B)/A X 100.

*k3%% Amount of accumulation in ear: D—C.

Table 6.
from the top 20 days after heading.

Dry weight of culm per unit length at maturity and ratio of living-leaf in the 4th-leaf sheath

Dry weight of culm per unit length
(mg/cm)

Ratio of living-
leaf sheath in
the 4th-leaf
sheath from
the top*

Location Variety

used

N, N, N, N, Lower than N;

Ganyu County Shan You 63 4.2 8.1 13.9 14.1 46.4 less than 10%
Koganebare 3.1 10.7 16.1 22.2 194.5 more than 80%

Donghai Ciunty Xu You 3-2 3.7 8.3 12,5 16.3 64.2 do.
Nipponbare 3.2 9.5 12,0 14.7 67.5 do.

Kyoto Nipponbare 29 85 11.7 24.0 170.0 do.

N,, N,, N;---:Refer to Table 1.
total-culm number was indicated in round number .

% : Ratio of culm number with living-leaf sheath to

nent in Shan You 63 (Table 1).

Because there are many factors in lodging, it
is difficult to evaluate lodging resistance by a
single character. Matsuzaki® pointed out that
influence of length on the lodging changed
according to growth such as the ear number
per m? and LAI at heading. Influence of ear
number per m? and length of a basal inter-
node on lodging were represented with the

product of both, and the higher value, the
greater the degree of lodging®. The product of
both in Shan You 63 was higher than Nippon-
bare in Donghai County and in Kyoto (Table
2). Lodging estimated from ear number per
m? and a total length of the upper three leaf
blades? was 3rd degree, and the same as
Nipponbare in Donghai County and Kyoto.
Judging from a combination with LAI and
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culm length, and LAI and length of the basal
internode®, lodging of Shan You 63 was esti-
mated to reach 5th degree (Severe). As
mentioned above, with respect to length and
growth, Shan You 63 had various factors of
early lodging compared to Nipponbare in
Donghai County and Kyoto.

The strength of culm against external force
was indicated as the lodging index'®, and
characteristics of varieties against lodging were
well-represented. When the lodging index
obtained at a distance between fulcra 5cm
was more than 200, rice plants were liable to
lodge'®. Lodging index at N; of Nipponbare
in Kyoto was extremely large and that of Shan
You 63 was nearly 200. At N,, Shan You 63
exceeded 200 (Table 3). Since culms often
break at N, and N; rather than N,;7!% it is
necessary to pay attention to the lodging index
at N, in this atudy, Lodging of Nipponbare in
Kyoto can be explained in remarkably high
value at N,. Lodging index is the ratio of the
bending moment calculated from its own
weight and length to breaking resistance.
Long-culm length and large LAI of Shan You
63 caused increase in bending moment, result-
ing a high lodging index. However, those of
Shan You 63 also resulted in high CGR (mean
Crop Growth Rate) until heading, this high
CGR giving high yields for Shan You 6319
Therefore, we are unable to avoid increase in
bending moment in Shan You 63. Breaking
resistance at N, of Shan You 63 was smaller
than Nipponbare in Kyoto as shown in Table
3. The breaking resistance of Shan You 63 was
not in proportion to increase in bending
moment. This is related to high lodging index
in Shan You 63.

Breaking resistance of culm, including leaf
sheath, was composed of culm diameter, thick-
ness of culm wall, development in mechanical
tissues of culm, existence of living leaf sheath
etc.!'®. These factors are closely related to the
amount of distribution of carbohydrate, min-
erals and dry matter in the culm+leaf sheath
after heading®®%141518  Hojo et al.*® inves-
tigated the relationship between characteris-
tics of matter production and strength of the
culm in barley and found that in strong-
strawed varieties, translocation of MG

photosynthetic products into the culm+leaf

sheath was high, while translocation into the
ear was low, and in weak-strawed varieties,

translocation from the culm+leaf sheath and
leaf blade into the ear was high. In this study,
translocation of NSC, a main photosynthetic
product!®®_ from the culm-+leaf sheath to
the ear during ripening was investigated. Shan
You 63 clearly showed characteristics of the
weak-strawed variety reported by Hojo et al.
The higher rate of translocation of NSC and N
from the culm+leaf sheath may promote the
death of the leaf sheath. Early death of the
4th-leaf sheath from the top, which covered
N,, decreases breaking resistance at N,3679.
Furthermore, the distribution of dry matter
into a portion lower than N, decreased in
Shan You 63. Low breaking resistance in Shan
You 63 is considered to be due to these char-
acteristics.

In 1991, heavy rain and winds were not
observed in Lianyungang or Kyoto. Therefore,
brown rice yield of 965 gm~2 by Shan You 63
was obtained with luck under quite dangerous
conditions as regards lodging. To obtain con-
sistently a yield exceeding 965 gm~% in Shan
You 63, cultivation techniques to store much
more NCS, N, and dry matter in the culm+
leaf sheath and ear are needed.
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