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Application of Ratoon to a Test of Agronomic Characters in Rice
Breeding II. The Relationship between Ratoon Ability
and Lodging Resistance

Masahiko Icun and Kunsei Hapa
(Faculty of Agriculture, Kagawa University, Kagawa 761—07)

The relationship between ratoon ability and lodging resistance was investigated with
21 paddy cultivars grown in a randomized block design with 2 replications. Plant char-
acters concerned with lodging such as internode weight, stem base weight, breaking
strength of culm and lodging index were noted at 5 successive 10 days intervals starting
on the day of heading. Internode weight, stem base weight and breaking strength
increased during the first 10-days period following heading then declined during the next
10- or 20-days period, but reached again the levels at heading or beyond on 40 days
following heading. Lodging index increased during the 30-days period following heading,
and then declined down. = The rice plant was also cut at 5cm above the ground at 5
different growth stages, i.e. the day of heading, and 10, 20, 30 and 40 days after heading.
Some characters of the ratoon crops were surveyed at the ripening stage. Percentage of
ratoon tillers showed the same change as internode weight, stem base weight and breaking
strength. Changes of the percentage of ratoon tillers and the ratoon height showed a
similar tendency in cuttings during the period from 10 days after heading to 40 days.
Traits of the ratoon did not show any clear relationship to breaking strength. However,
there were significant and negative correlations between traits of the ratoon and lodging
index in cuttings on 20,30 and 40 days following heading. It was suggested from these
correlations that ratoon ability might be used as a test indicator of lodging resistance.
The contribution rate of leaf sheath to breaking strength ranged approximately from 15%
to 40% in the later period of ripening, and it was depended on cultivars and growth
stages.
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Introduction

Lodging may damage grain yield directly by interfering with dry matter accumulation,
and reduce the yield indirectly owing to the difficulties that it imposes on harvest.
Lodging may also adversely affect grain quality. Lodging resistance, therefore, has been
one of the main breeding objective in rice plants. Lodging resistance of rice plant is
dependent on culm length, shape and weight of aerial parts of plant, properties of roots
and culm rigidity, especially on culm length and its rigidity. Investigations on culm
length have been carried out genetically, and then the short-culmed cultivars were
developed. Sexo (1962) found that the high resistance against breaking of culm was
associated with the lodging resistance in rice plant. Marsvo (1952) reported on a close
correlation between stem base weight and lodging resistance in rice plant. Moreover,
it was found by Sato (1957) that rice cultivars which had high starch content in culm
seemed to be more resistance to lodging: Considering these investigations, it may be
inferred that the stem base weight and the internode weight may play important roles in
the lodging resistance.

We have investigated the ratoon following cuttings of the foliage of rice plant during

the period later growing stage, and found that ratoon ability was associated with the
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percentage of ripened grains (Icun and Kuwapa 1981). According to Icuun and Sumi
(1983), ratoon ability depend largely on stem base weight and food reserves in the stem
base. Therefore, the relationship between ratoon ability and lodging resistance as well as
culm strength may be worth noting. The purpose of this investigation was to survey
this relationship, and to assess whether ratoon ability was worth using as a indicater

for lodging resistance.
Materials and Methods

Twenty one rice cultivars (Oryza sativa L.), supposed to be different in lodging
resistance, listed in Table 1 were used. The experiment was carried out in the farm of

the Kagawa University in the 1980 season. Thirty four-days-old seedlings were trans-

Table 1. Rice cultivars used

1 Koganemasari 8 Hokuriku No. 108 15 Minenishiki
2 Kanto No. 116 9 Chubu No. 34 16 Norin No. 22
3 Kanto No. 120 10 Ginmasari 17 Kyoto-asahi
4 Qoseto 11 Chiyohikari 18 Sasanishiki
5 Chubu No. 35 12 Sachiwatari 19 Yaeho

6 Saikai No. 144 13 Nipponbare 20 Koshiji-wase
7 Chugoku No. 68 14 Koshihikari 21 Azusa

planted with a single plant per hill spaced at 30x10cm on June 17. These cultivars
were grown in a randomized block design with 2 replications. Each replication comprised
of 150 plants. They were fertilized with 1.0kg N/a, 0.8kg P;Os/a and 1.0kg K,O/a
as basal. No fertilizer was applied to the ratoon crop.

The 21 cultivars were cut at 5cm above the ground at 5 different growth stages,
i.e. the day of heading, and 10, 20, 30 and 40 days after heading.y To evaluate the
ratoon ability, ratoon height and percentage of ratoon tillers were noted on 40 days
after cuttings. Ratoon height was measured {rom the cutting level. The percentage of
ratoon tillers was expressed by the number of ratoon-plant tillers times 100 divided by
the number of mother-plant tillers. Furthermore, characters associated with lodging
such as internode weight, stem base weight, breaking strength of culm and lodging
index of non-cut plants were recorded at 5 successive 10 days intervals starting on the
day of heading. Internode weight was obtained from the measurement of dry weight
per unit length of 3rd or 4 th internode from the uppermost internode. The materials, -
the internode weight of which was recorded, were also used for the measurements of
the breaking strength by means of the straw fracture tester, Model EO-3 (Kiya Seisakusho
Ltd.), with 6cm spacing between fulcrums. All leaf sheath was removed from the
materials tested. The breaking strength of internode with leaf sheath was also measured
on 30 and 40 days after heading. Stem base weight was obtained from the measurements
of dry weight a stem. The effect of leaf sheath on breaking strength was determined
with 4 cultivars, Chugoku No.68, Minenishiki, Kyoto—asahi and Yaeho, out of 21
cultivars used. The lodging index was taken for evaluating the lodging resistance in
the cultivar used. This index was suggested by Martsuo (1952) and Sexo (1962), and
was expressed as the ratio of moment (plant height xplant weight) to breaking strength
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Fig.1. Characteristics associated with lodging of mother plant during the period
following heading.

of internode concerned.

50(
Results

A wide range of intervarietal variation ;\\E ar 40r
was observed in agronomic characters of 4
mother plant such as heading date, culm ?”:30 —~30F
length, internode weight, stem base weight, % \;f
breaking strength and lodging index. . The :; ool éﬂzo-
range of heading dates was from August 12 gp g
to September 7. § o

Internode weight, stem base weight, & 107 2y
breaking strength and lodging index during
the period following heading are shown s T ' 0 10 oL 103030
in Fig.1. The values in internode weight, Cutting time Cutting time
stem base weight and breaking strength (Days after heading) (Days after heading)

Fig.2. Percentage of tillers and height in

ratoon plant following cuttings at
the first 10-days period following heading different times.

and then declined during the following 10- or 20-days period, finally on 40 days after
heading, recovered or exceeded the initial levels. The stage when these values were
the largest was on 10 days after heading. Although the change was different in these
3 traits, the lodging index changed with maturing, increased during the 30-days
period following heading and then declined down. This showed that rice plants became
most susceptible to lodging on about 30 days after heading.

Fig. 2 shows mean values of percentages of ratoon tillers and ratoon heights of materials

changed with maturing, increased during

at different cutting times. The change in the percentage of ratoon tillers exhibited a
similar tendency as the internode weight, the stem base weight and the breaking strength.
The percentage of ratoon tillers was highest in cuttings on 10 days after heading and was
lowest in cutting on 30 days, though the percentage on 20 days was not different from

the lowest one. The ratoon height and the percentage of ratoon tillers were slightly
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different in their response to delaying of cutting times. The percentage of ratoon
tillers reached the maximum in cutting on 10 days after heading, which was higher
than that in cutting on heading date. However, from the cutting on 20 days the above
2 traits showed similar tendencies in response to the cutting times. Those tedencies
of change agreed with the result of the previous paper (Icmi and Kuwapa 1981), though
the cultivars used and the year were different.

A wide range of variation among cultivars was observed in the 6 traits (Figs.1 and 2).
The results of analysis of variance for these traits are gived in Table 2. There were
significant differences in the variance due to cultivar, growth stage and cultivar X growth
stage-interaction of the 4 mother plant’s characters concerned with lodging resistance.
Significant differences were also observed in the variance due to cultivar, cutting time
and cultivar X cutting time-interaction of the 2 ratoon traits. These results suggest that

the characters concerned with lodging resistance and the traits of ratoon differ among

Table 2-a. Analysis of variance for plant characters concerned with lodging

Mean square

Source d. f. R
Internode Stem base reaking Lodging
weight weight strength index

Cultivar (C) 20 0. 671%% 0. 0162%* 73349, 0** 11470, 1%*

Growth stage (G) 4 1. 499%* 0. 0391%* 32018. 8** 130076. 5%*

CxG 80 0. 081%* 0. 0014* 5868. 9%* 1335. 2%*

Error 105 0. 037 0. 0009 2771.5 675.0

Table 2-b. Analysis of variance for ratoon traits

Mean square

Source d. f.
Percentage Ratoon
of height
ratoon tillers g

Cultivar (C) 20 2374, %% 484, 3=
Cutting time (T) 4 7954. 6%* 7036. 5**

CxT 80 251, 1%%* 66. 8**
Error 105 122.6 30.5

# %% Gignificant at 5 and 1% level, respectively.

’

cultivars. The analysis of variance of ratoon traits also agreed with the results on the
previous paper (Icui and Kuwapa 1981).

The fact that the characteristics concerning ratoon are hereditable is of great interest
on plant breeding. Relationship between agronomic characters in mother plants and
traits of the ratoon is even more important. The phenotypic correlation coefficients between
some characters concerned with lodging resistance in mother plants and ratoon traits are
given in Table 3. It is noteworthy that there were significant and negative correlations
between traits of the ratoon and the lodging index in the cuttings on 20, 30 and 40 days
after heading. For cuttings on the 10 and 20 days after heading, traits of the ratoon exhibi-
ted significant and positive correlations with stem base weight. The percentage of ratoon
tillers showed significant and positive correlations with internode weight in cuttings on

20, 30 and 40 days after heading. Ratoon height, however, were not related to internode
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Table 3. Phenotypic correlation coefficients between ratoon traits and characters
concerned with lodging in mother plant '

Cutting time

(D}?ys gfter) Internode Stem base Breaking Lodging
eading weight weight strength index
0 0.03 0.37 0.03 ~0.41
10 0. 39 0. 67%* 0. 28 —0. 38
Percentage of ratoon tillers 20 ’ 0. 61%* 0. 63%:* 0. 44% —0. 76%*
30 0. 47* 0. 43 0. 00 —0. 65%*
40 0. 44 0.43 —0.13 - —0. 61
0 001 0.34 0.03 —0.33
10 0.19 0. 60%* 0.15 —0.10
Ratoon height 20 0. 55** 0. 64** 0.38 —0. 72%*
30 0.28 0.39 —0.16 —0. 62**

40 0.28 0.24 —0.24 - —0. 57%*

* % : Significant at 5 and 1% level, respectively.

Table 4. Phenotypic correlation coefficients among some characters
concerned with lodging in mother plant

Days after heading Stem base weight Breaking strength

0 0. 79%* 0. 85%*
. 10 0. 81%* 0. 74%*
Internode weight 20 ©0. 91%* 0. 85%*
30 0. 73%** 0. 76%*
40 0. 87%%* 0. 78%*
0 0. 70**
. 10 0. 54*
Stem base weight 20 0. 81**
30 0. 76%*
40 0. 74**

*® %% Significant at 5 and 19 level, respectively.

weight in most cuttings. Furthermore, the percentage of ratoon tillers and the ratoon
height did not show any obvious relationships to the breaking strength in most cuttings.
Table 4 shows the phenotypic correlation coefficients among some characters concerned
with lodging in mother plant. There were significant and positive correlations between
internode weight, stem base weight and breaking strength for the period from the day
of heading to 40 days after heading.

Breaking strength is also affected with the leaf sheath wrapping the culm. So, the
effect of leaf sheath on breaking strength was measured on 4 cultivars. Fig.3 indicates
the contribution rate of leaf sheath to the breaking strength on 30 and 40 days after
heading. The contribution rates ranged from 15% to 40% approximately, depending on
the cultivars and the growth stages. The contribution rate was larger on 30 days after
heading than on 40 days. According to analysis of variance for the contribution rates,

there were significant differences among the cultivars and between the 2 growth stages.
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40 Discussion

It was very interesting that there were

w
<<

significant and negative correlations between
the lodging index during grain development
and the ratoon traits: the percentage of
ratoon tillers and the ratoon height. These

correlations suggest that ratoon traits may
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Contribution rate”’ (%)
[y
(=]

—
<

be applicable to the test of lodging resis-

tance.

The percentage of ratoon tillers and ratoon
height were closely related to the amount
of total available carbohydrate (TAC)

contained in stem base (Ican and Sumr 1983).

Vach, R

Minenishiki
Kyoto-asahi [=8=

Chugoku No. 68 R

Therefore, it was suggested that loding
Fig.3. The contribution rate of leaf sheath

to breaking strength. ] . L
9 : ((Breaking strength with leaf sheath- of TAC contained in stem base judging from

Breaking strength without leaf sheath)/ the finding in this experiment mentioned
Breaking strength with leaf sheath) X100

B : On 30 days after heading ] o )
[]: On 40 days after heading investigation using sorghum that the corre-

resistance may also be related to the amount

above. Esecuie et al. (1977) showed in their

lation between TAC content and lodging
degree was negative and significant, indicating an increasing tendency {for lodging
resistance in the lines with higher TAC content. Similar results had been reported in
corn (CampseLL 1964). However, according to Esecnie et al. (1977), lodging degree was
positively correlated with the content of K indicating that higher K content associated
with lodging susceptibility. They inferred that TAC content might be only an indica-
tion of the healthiness and of the vigor of plant rather than having a direct relation
to lodging. Kowno and Taxamasar (1961) reported that breaking strength of culm
might be secondarily associated with starch content, as breaking strength was related
not to content of starch, lignin and silicia, but to K and hemicellulose content. The
relationship between breaking strength and starch content, as mentioned above, may
have close connection to the fact that breaking strength did not have a significant asso-
ciation with ratoon traits.
According to Icun and Sumr (1983), stem base weight was closely connected with
ratoon traits. In this experiment the stem base weight during the earlier period of

grain development was significantly and positively related to the percentage of ratoon
tillers and the ratoon height. In the previous paper (Icun and Kuwapa 1981) a significant
and positive correlation was reported between the percentage of ripened grains and the
ratoon traits in cuttings on 10 and 20 days after heading. It was difficult to make clear
the causes of why the stem base weight during the later period of ripening was not
correlated to the ratoon traits. However, it was suggested that the main factor controling
ratoon traits might be different in early and late ripening stages, and that ratoon traits
might not depended on the amount of TAC contained in stem base.

The percentage of ratoon tillers and the ratoon height were closely related to the
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lodging index. Breaking strength of internode, a component of lodging index, was
affected significantly by the existence of leaf sheath. The breaking strength was stronger
on internodes with leaf ‘sheath than .thétl without leaf sheafh. "The contribution rate
of leaf sheath to the breaking stkrﬁength of the stem varied from 15% to 40% approxi-
mately. According to Martsvo (1952) and Lmv and Yamamoro (1978), the contribution
rate of leaf sheath were between 30% and 70%. Hitaka (1968) reported that the range
of the contribution rate was from-15% to 30%. In the results at IRRI (1963, 1964),
30% to 60% of additional weights was required to buckle a section of internode with
persistent leaf sheath than corresponding section of culm without the leaf sheath.
It was suggested from these facts that the contribution rate of leaf sheath to the stem
strength varied with cultivars and culturing conditions. According to Hriraka (1968),
the contribution rate varied with growth stages and showed higher value at the period
of heading than at the maturing stage. In this experiment the contribution rate varied
depending on the stages of maturing and the cultivars. Similar results have reported
by Mivasaka and Tanaka (1982).
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