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Application of Ratoon to a Test of Agronomic Characters
in Rice Breeding. I. Variation in Ratoon Ability and
Its Relation to Agronomic Characters of Mother Plant

Masahiko Icuu and Hikaru Kuwapa

Faculty of Agviculture, Kagawa University, Kagawa 761-07

30 cultivars of paddy were grown in a randomized block design with 4 replications.
The rice plants were cut at 5cin above the ground at 4 different growth stages, i.e. 10,
20, 30 and 40 days after heading. Ratoon weight, ratoon height and percentage of ratoon
tillers to that of mother plant, were recorded 40 days after cutting. With respect-to the 3
ratoon characteristics a significant decrease was observed to occur when the cutting time
was delayed from 10 to 20 days after heading. The increase in the subsequent cutting
was less marked. Analysis of variance suggests that ratoon weight, ratoon height and
percentage of ratton tillers are heritable. In cuttings made 10 and 20 days after heading,
there was a positive and highly significant phenotypic correlation between percentage of
ripened grains of mother plant and these ratoon traits. Heritabilities in the broad sense
for the ratoon traits became higher in the order, ratoon weight, ratoon height, percen-
tage of ratoon tillers. Moreover, the heritability of percentage of ratoon tillers was
nearly equal to that of culm length and panicle length. These facts show that ripening
ability of rice plant may be tested by observing the ratoon, especially percentage of
ratoon tillers.

Introduction

Ratoon of rice plant, regrowth in a paddy field after harvest, is well known. Ratooning,
obtaining a second harvest from a second growth of the main crop, has been practised in
many countries, such as India (Guera and Mira, 1948; Reppy and Pawer, 1959), Japan
(IsHikawa, 1964; Yamamoro, 1973), the United States (Evart and Beacuir, 1960 ; Esarrt,
1966; MencerL and Leonarps, 1976), the Philippines (Barar and Datra, 1977) and Ethiopia
(Prasuer, 1970a,b). Some of these papers pointed out that prain yields in the ratoon crop
differed significantly among cultivars. These experiments were carried out to obtain a
more efficient second crop. Plant breeders have not paid much attention to ratoons, and
they have not tried to exploit ratoons in the breeding of rice.

The variation in ratoons and their relationship to agronomic characters of mother plant
are presented in this study from the viewpoint of providing rice breeder with a new selection

measure.
Materials and Methods

30 rice cultivars (Oryza sativa L.) listed in Table 1 were used. They were selected from
the recommended cultivars throughout Japan except Hokkaido district.

The experiment was conducted at Kagawa in the 1977 season. 36-day-old seedlings were
transplanted with a single plant per hill spaced at 30xX10cm on June 4. These cultivars
were grown in a randomized block design with 4 replications. FEach replication comprised
150 plants. The main crop was fertilized with 1.0kg N/a, 0.8kg P,O,/a and 1.0kg K,O/a

as basal. No fertilization was applied to the ratoon crop.
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Table 1. Rice cultivars used

Name Name Name
1 Kinbmaze 11 Minehikari 21 Mineyutaka
2 Yaeho 12 Harebare 22 Sachikaze
3 Nipponbare 13 Akinishiki 23 Tamayodo
4 Tosan No. 38 14 Kusabue 24 Norin No. 24
5 Akitsuho 15 Tsukubanishiki 25 Hakoda
6 Satominori 16 Norin No. 29 26 Yachikogane
7 - Akibare 17 Ginmasari 27 Akibae
8 Yamabiko 18 Koshijiwase 28 Suzukaze
9 Norin No. 44 19 Chiyohikari 29 Sachiwatari
10 Chusei-shinsenbon 20 Azusa 30 Syurei

The 30 cultivars were cut at 5cm above the ground at 4 different growth stages, i.e.
10, 20, 30 and 40 days after heading. Ratoon weight, ratoon height and percentage of
ratoon tillers ((number of tillers per ratoon plant/number of tillers per mother plant) X
100) were recorded 40 days after cutting. Furthermore, such agronomic characters of
mother plant as culm length, panicle length, number of glumous flowers per panicle,
percentage of ripened grains, thousand-kernel-weight, number of tillers per plant and grain

vield were recorded.
Results

A wide range of intervarietal variation was observed in agronomic characters of mother
plant such as heading date, plant type and culm length. The earliest and latest heading
dates were July 28 and August 30, respectively.

The means of ratoon weight, ratoon height and percentage of ratoon tillers of 30 cultivars
at different cutting times are shown in Fig.1. Increase in the delay of the cutting time
from 10 to 20 days after heading was accompanied by a significant decrease in the values
of these characteristics. But sligt increase was observed in subsequent cuttings. The degree
of increase, however, differed with characteristics. A wide range of variation among
cultivars was observed in ratoon for each of the cutting times. For the case of cutting at

10 days after heading, ratoon
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Table 2. Analysis of variance of ratoon traits

Trait Source d. f. M. S.

Cultivar (C) 29 0. 36**

. Cutting time (T) 3 13. 16%**

Ratoon weight CxT 87 0. 24%%
Error 360 0.06

Cultivar (C) 29 823. 58%**

. Cutting time (T) 3 17021, 03%#*

Ratoon height CxT 87 192. 99
Error 360 66. 25

Cultivar (C) 29 3363. 81%*

. Cutting time (T) 3 14167. 89**

1 .

Percentage of ratoon tillers Cx T P 301 08+

Error 360 117.67

*% : Significant at 1% level

Table 3. Phenotypic correlation coefficients between ratoon traits and agronomic characters of
mother plant

Cutting time Culm Number of

Panicle Percentage Number of Thousand

lumous ; . Grain
Days after g of ripened tillers per -kernel .
(heading > length length ﬁ%\;ﬁfd}:;er grains plant ~-weight yield

10 --0.35 0.07 0.12 0. 43% 0.01 0.23 0. 38%
Ratoon 20 —0.18 —0.23 0.01 0. 40% 0.13 —0.14 0.32
weight 30 —0.33 0.18 0.19 0.15 —0, 34 0.10 0.03
40 —0.04 0.27 0.15 —0.02 —0.34 0.32 —0.07
10 —0.20 0.15 0.18 0. 5&** 0.17 0.26 0.36
Ratoon 20 —0.22 —0.32 —0.03 0. 47% 0.13 —0.01 0.34
height 30 —0.22 —0.12 0.11 0.15 0.01 —0.15 0.15
40 —0.25  0.27 0.17 0.09 0.07 0.18 0.08
p ; 10 —0.41*%"—0,22  —0.08 0. 59 0.06 0.12 0.35
;rcen age 20 —0.24 —0.21 —0.11 0.41* 0.15 —0.10 0.18
0.11“’:00“ 30 —0.31 -—0.25 0. 05 0. 20 0. 60 —0.15 0. 06
tillers 40 —0.21 -0.10 0.17 0.17 —0.07 0. 07 0.17

#5%% ; Significant at 5 and 1% levels, respectively

cutting time interaction. These results éuggest that traits of the ratoon are hereditable
and that variations in these traits with delay of the cutting times differed among cultivars,
including that these traits, as mentioned above, variated with the cutting times.

The fact that ratoons are heritable is of great interest to plant breeders. The relation-
ship between ratoons and mother plants in agronomic characters is even more important.
The phenotypic correlation coefficients between ratoon traits and some agronomic characters
in mother plant are given in Table 3. Significant positive correlations were seen in some
cases where cutting times were 10 and 20 days after heading. The phenotypic correlation
coefficients tended to decrease with delay of the cutting times. It is noteworthy that there
were significant positive correlations between the traits of ratoon and percentage of ripened
grains in the cuttings of 10 and 20 days after heading. For cutting on 10 days after heading,
ratoon weight exhibited a significant positive correlation with grain yield and percentage of
ratoon tillers a significant negative correlation with culm length. In cuttings 30 and 40
days after heading, however, ratoon traits were not related to agronomic characters of

mother plant. Panicle length, number of glumous flowers per panicle, number of tillers
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Table 4. Genotypic correlation coefficients between ratoon traits and agronomic characters
of mother plant

Number of Number

Cutting time Culm  Panicle glumous Percz?tage of Thousand Grain
L fiower . tillers -kernel
(Dﬁz:d?iter) length  length per r;?g?nes per —weicht yield
& panicle s plant welg
10 —0.38 0.10 0.14 0.90 0.03 0.29 0.65
. 20 —0.22 —0.26 —0.00 0.94 0.13 —0.22 0. 58
Ratoon weight
30 —0.48 0.21 0.23 0.48 —0.53 0.19 0. 26
40 —0.06 0.42 0.19 0.00 —0.54 0.46 —0.01
10 —0.21 0.17 0.20 0.91 0.23 0.27 0. 58
. 20 —0.25 —0.35 0.05 0.95 0.14 —0.01 0.57
Ratoon height
30 —0.28 —0.15 0.13 0. 36 0.01 —0.18 0.30
40 —0.29 0.33 0.18 0.12 —-0.17 0. 20 0.10
10 —0.63 —0.24 —0.09 0.94 0.06 0.10 0.55
Percentage of 20 —0.26 —0.23 —0.13 0.76 0.18 —0.12 0.29
ratton tillers 30 —0.34 —0.28 0.05 0.38 0.01 —0.18 0.11
40 —0.23 —0.09 0.19 0. 26 —0.07 —0.11 0.22
Table 5. Broad sense heritability of ratoon traits and agronomic characters of
mother plant :
Cutting time Heritability Heritability
Trait Character of mother plant
D o
Cheading’) @9 %)
10 79.7 Culm length 94. 4
Rat, it 20 69. 2 Panicle length 92.4
atoon weig 30 63.6 Number of glumous flowers per 92. 4
40 67.1 panicle ’
) Percentage of ripened grains 34.9
10 80.9 Number of tillers per plant 61.6
Ratoon height 20 82.4 Thousand-kernel-weigh 78.4
30 83.4 Grain yield 45. 4
40 82.4
10 87.5
Percentage of 20 90.9
ratoon tillers 30 91.0
40 90.0

per plant and thousand-kernel-weight, furthermore, did not show any relation to ratoon
traits for any of the cuttung times. The genotypic correlation coefficients between ratoon
traits and the agronomic characters are shown in Table 4. For cuttings 10 and 20 days
after heading, ratoon traits had very high positive correlations with percentages of ripened
grains. However, genotypic correlttion coefficients were generally low in other combinations.

Heritability estimates in the broad sense of ratoon traits and the agronomic characters
are tabulated in Table 5. The estimates of heritability for ratoon weight varied with the
cutting times, but those for ratoon height and percentage of ratoon tillers were essentially
constant. Furthermore, the estimates of heritability for percentage of ratoon tillers were

higher than those ratoon weight and ratoon height, and were nearly equal to those for
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culm length, panicle length and number of glumous flowers per panicle.
Discussion

Ratoon weight, ratoon height and percentage of ratoon tillers decreased markedly with
delay of cutting-time from 10 to 20 days after heading and then increased slightly with 30
to 40 days after heding. Soca and Nozakr (1957) pointed out that the culm of rice plant
is a very important storage organ and that the carbohydrate content of the culm decreased
rapidly during filling period of 10 to 25 days after heading and increased slightly after that
time. Therefore, it should be noted that ratoon weight, ratoon height and percentage of
ratoor tillers might be related to the carbohydate content of the culm. Ewmara et al.
(19652, b, 1966) reported that the regrowth of herbage plants in Gramineae depended on
the amount of food reserves accumulated in the stubble and roots of the plants. The
present results suggest that the ratoon of rice may also have the same physiological
property as the stubble and roots for regrowth of herbage plants in Gramineae.

Grain yield from ratooning, i.e. a second crop, varied among cultivars (Prasmar 1970,
Yamamoro 1973, Bauar and Datta 1977). The present expriment also showed that ratoon
weight, ratoon height and percentage of ratoon tillers were significantly different among
cultivars. These ratoon traits, however, showed no correlation with earliness of cultivars,
of which heading ranged from July 28 to August 30. Furthermore, it seems that these
traits were not related to the plant types. Therefore, these facts show undoubtedlly that
ratoon weight, ratoon height and percentage of ratoon tillers are heritable.

Percentage of ripened grains is very important in constituting yields of rice plant. However,
plant breeder has not been provided a useful selection measure for higher percentage of
ipened grains since its heritability is lower, as was seen in Table 5. From this point of view,
it is very useful to learn that the traits closely related to percentage of ripened grains are
ratoon weight, ratoon height and percentage of ratoon tillers got by the cuttings of 10 to 20
days heading. Heritability estimates of these traits of the ratoon were very high. It may be
possible, therefore, to evaluate the ripening ability of rice cultivars by observing the ratoon.

Mastusaima and Wapa (1958) reported from their investigation of the ripening machanism
in rice that percentage of ripened grains depended on the amount of carbohydrate accumulated
after heading rather than that stored before heading. Using the rice plants exposed to
14CQO, at different stages, Osuima (1966) concluded that a great part of the starch contained
in the grain wa attributable to photosynthesis after heading. In several papers, it has been
emphasized that the period after heading is more important for determining the degree of
ripening of rice plants. In the present experiment, the traits of the ratoon, which emerged
from the dafoliated aerial part of the stubble 10 days after heading, show a significant
correlation with percentage of ripened grains. These traits varied greatly among cultivars.
Phenotypic correlation coefficients between percentage of ripened grains and both the ratoon
height and percentage of ratoon tillers were higher than that between percentage of ripened
grains and ratoon weight. Heritability decreased in the following order : percentage of
ratoon tillers, ratoon height and ratoon weight. It may be concluded from these facts that
percentage of ratoon tillers got by the cutting 10 days after heading should be recorded as

a measure of the ripening ability in rice.
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