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                         PREFACE

     It is the starting point of breeding to discrimlnate

the individuals or the lines fit for breeding objective from
                'the others by means of appropriate measures. The measures

presently used may roughly be elassified into three types,
                                    'i.e., straight-, early- and indirect-diagnosis. Straight

diagnosis is to straight take the measure of an objective

character. Early diagnosis means to evaiuate an objeetive

character from its earlier-stage quality. !ndireet diagnosis

is the evaluation of an objective charaeter by making use of

the genetie correlation betweeit the re}evant eharacter and

some other related charaeter.

     Indireet diagnosis contributes much Lto shortening the

term of breeding through the improvement of seleetion
effieiency, and it is mainly appUed to the estimation of

physiological and ecologieal traits. In rice plant, for

instanee, eold tesistance is diagnosed by the swelling of

tapetal eell under low temperature (SAKAI 1947År, root

activity is evaluated by the cr-Naphthylamine oxidation by

root (YAMADA and OTA 1958), pre-harvest sprouting is
estimated on the basis of the correlation between seed

dormancy and tolerance to high-temperature treatment
,ÅqMARUYAMA 1980), lodging resistanee is judged by means of

lodging index (MATSUO 1952; SEKO 1962) and lodging
coefficient (ONO 1951), and drought resistance is determined
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by the toxic aetion of potassium chlorate in seedlings

(YAMASAKI 1931). In the cases of wheat and barley, the

examples can be found in estimatioRs of baking quality by

the gluten eontent of flour (IKEDA 1937), cold resistance by

the tussock (KUSUNOKI and OSANAI 1959), Aluminum toleranee

by hematoxylin stair}iltg of seedling roots (POLLE et aL.

1978; TAKAGI et ctZ. 1981), photosynthetie capacity by

stomatal frequency (YOSHIDA 1976, 1978).

     Rice breeders have placed major emphasis on selection

for yield, heading date, time of maturity, plant type

including culm length and panicle length,'lodging
resistance, percentage of ripened grains, disease resistance

and grain quality. Of these characters, lodging resistance

is most eiosely related to high yielding. This character can

be estimated by indirect diagnosis, i.e., by the measurement

of lodging index or lodgiRg coeffieient as described above.

However, these indicators have rarely been applied in actual

breeding program,'because they require a great deal of

labor. Pereentage of ripened grains is also an important

determinaRt of .crrain yield. On this eharacter, however, no

reports suggestive to breeding have been available yet,
because of the necessity f6r enormous amount of seoring as

well as the low heritability. Hence, at least for these two

characters, it is expected that simp!e and exact methods for

estimation, which may fail under the category of indireet

diagnosis, are exploited as early as possible.

2



     In riee plant, ratoon, that is, the shoot which grew

out of resting bud on the stubble, is often observed after

harvest. Though rice breeders have so far taken no notice of

ratoon, it has been used as the seeond erop in a
doub)e-cropping system in many countries. Such ratoon

eropping often brings some advantages; redueed cost of

production resulting from no seeding and no transplanting,

redueed crop cycle period, less requirement of irrÅ}gation

water and fertilizer than main erop because of the shorter

growth period.
          '     As to the features of ratoon in rice, some
investigations (IRRI Ann. Rep. 1975; BAHAR and DE DATTA

1977) have pointed out that grain yield in ratoon crop

significanUy differ with' different eultivars. SATO (1968)

suggested that ratoon growth eould be used as aR index for

the physiologieal situation of rice plant. These findings

suggest that the traits of ratoon may successfully be
applicable to the estimation of various kinds of agronomic

charaeters of rice plant. Up to date, however, there have

not appeared any reports suggesting that the traits of
            'ratoon are useful for the estimation of the agronomic

characters.

     From the viewpoint mentioned above, the author intended

to make an indirect diagnosis of several agronomic
characters of riee piant by means of three traits of ratoon,
                                              'number of tillers, height of plant and weight of plant, and



carried out a,series of experiments extending from 1977 to

1981. First, the three traits of ratoon were investigated

for the features, the varietal variation, and the
relationships to the agronomic eharacters of mother plant,

and the possibility of •estimating the mother-plant
charaeters by means of ratoon traits was discussed (CHAPTER

I). Seeondly, the effeet of environment on the growth of

ratoon was analysed with several internal and.external

environments, such as temperature, fertilizer level, water

management and reserve substanees contained in stem base

(CHAPTER II). Thirdly, the relationship of two ratoon traits
                                     'to the lodging resistanee and its related charaeters of

mother plant was examined (CHAPTER III). Final!y, the effeet

of cutting height on the relationship of two ratoon traits

to the pereentage of ripened grains in mother plant was

estimated and its variation with year was analysed (CHAPTER

IV). From these investigations, it became clear that the

percentage of ripened grains and the lodging resistance in

mother plant could effectively be estimated by the
percentage of tillers and height of ratoon, especially by
            '
percentage of tillers.
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CHAPTER r.

       RATOON TRAITS AND 'I'HEIR RELATIONSHIPS TO SOME

           AGRONOMIC CHARACTERS OF MOTHER PLANT

                       Introduction

     Cultivated rice is annual and its life is .ffeneraily

brought to an end by eold and/or drought after harvest.

Under suitable eonditions, however, it is able to put forth

some new shoots from harvested stubble. The shoots thus

regenerated from the main crop (first erop), ratoon, ean be

used as ratoon erop (second erop) in a cropping system.

Ratoon cropping has videly been practised and a number of

studies on it have been earried out aiming at obtaining more

vigorous sqcond erop in many countries, sueh as India (GUPTA

and MIRA 1948; SARAN and PRASAD 1952; GANGLY and RALWANI

1954; REDDY and PAWER 1959), Japan (ISHIKAWA 1964; \AMAMOTO

1973), the Phl!ippines (RAMIREZ and DUMLAO 1961; IRRI Ann.

Rep. 1975, 1978, 1979a, 1979b; BAHAR and DE DATTA 1977),

Thailand (HASHIOKA 1963), China (PAN 1952; YANG 1958),

Formosa (ISO 1954), the United States (EVATT 1958, 1966;

EVATT and BEACHELL 1960; MENGEL and LEONARDS 1976), Colombia

(GARCIA DURAN 1962, 1963), Swaziland (SZOKOLAY 1956; EVANS

1957) and Ethiopia (PRASHER 1970a,b). Some of these papers

pointed out that the grai,n yield in ratoon crop
significantiy differed with different cultivars.



     Plant breeders have not so far paid much attention to

ratoon, and consequently not tried to exploit it in the

breeding of riee, because they had no information about the

use of ratoon. It is eonsidered that a useful way for
application of ratoon to breeding is to make use of ratoon

as the measure for evaluating agronomic eharaeters. From

this viewpoint, three traits of ratoon were taken up, and

their relationships to the agronomlc characters of mother

plant were investigated. To diseuss the above relationships,

however, it is an indispensable preeondition that the

objective characteristies of the ratoon are under genetic

control, i.e., heritabie. Based on this idea, the features

of the three traits of ratoon were examined in parallel with

their varietal variations at first.

                  Materials and Methods

     Thirty rice cultivars (Oryza sativa L.) listed in Table

1 were used as materials. They were se}ected out of the

recommended culeivars throughout Japan except Hokkaido

district.

     The experiment was conducted in Kagawa Prefeeture in

1977. Thirty six-day-old seedlings were transplanted with a

single plant per hill spaced at 30 x 10 cm on June 4. These

cultivars were grown in a randomized b!ock design with four

6
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replieations, each of which comprised 150 plants. Fertiiizer

with 1.0 kg N/a, O.8 kg P20s /a and 1.0 kg K20 /a was applied

to the main crop as basal dressing, while no fertilization

to the ratoon crop.

     In each replication, 30 plants at a time were cut at 5

cm .above the ground at four different growth stages, i.e.,

10, 20, 30 and 40 days after heading, exaetly after the

heading date of the cultivar. The weight, height and number

of tillers of ratoon were reeorded at 40 days after eutting.

The weight and the height were measured from plant to plant

for dry matter and for the length from the ground level to

the top of plant, respectively. As to the number of tillers,

its percentage to the number of mother-plant tillers was

caleulated; With the residual non-cut plants (mother plants,

30 plants per replicationÅr, seven agronomic characters, culm

Iength, panicle length, number of glumous flowers per

panicle, percentage of ripened grains,
thousand-kernel-weight, number of tillers per plant and

grain yie!d, were recorded.

     From mother plant,

variation was observed

examined. The earliest and

Results

 a wide range of intervarietal

in eaeh of agronomic characters

 the latest heading dates were

8



July 28 and August 30, respectively.

     For ratoon, the means of 30 cultivars in weight, height

and percentage of tillers at different eutting times were as

shown in Fig. 1. IB each charaeter, the delay of the cutting
                                 'time from 10 days to 20 days after heading brought about a

conspicuous decrease of the value. But some increase was
               'observed in subsequent cuttings, though the degree differed

with eharacters. In each eutting time, a wide range of

intervarietal variation was observed also for ratoon. In the

case of cutting on the IOth day after heading, for instanee,

weight, height and pereentage of tillers varied from O.1 to

1.8 g, from 5 to 54 cm aRd from 5 to 71 2io, respectively.

     The results of variance analysis for the three traits

of ratoon are as given Å}n Table 2. They show that there were

significant differences in eaeh of the varianees due to

cultivar, eutti'ng time and cultivar Å~ eutting time
interaction, suggesting that the traits of ratoon were

heritable and that the ehange of each trait with the delay

of cutting time differed with different cultivars. The faet

that the traits of ratoon are thus heritable is of great
            'importance in case of the ratoon traits as the indieators of

mother plant cha.vraeters.
                                '     Phenotypic eorrelation coefficients between the traits

of ratoon and some agronomic charaeters of mother plant are

given in Table 3. Significant positive correlations were
                               'seen in some cases of cutting at 10 and 20 days after

9
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Tab!e 2. h" n alysis of variance for ra=oon tralts.

Trait .Source d. f. iM. .S .

F.atoo-n-

we;ght

Ratoon
heicrl t
   J

Percavn rLage
   of
ra"toon tUlers

Cultivar(C)
Cutting t-i ;•[1"e (T)

  CXT
Error

Cultivar(C)
Cutting time(T)
  CXT
Vvvnv"L• LL LJ L

Cul ti va-r (C)
Cutting tim•"e(T)
  CXT
Error

 29
  3
 87
36O

 29
  3
 87
35O

 29
  3
 87
36O

   o
   l3
   o
   o
  S23
l7021
  l92
   65

 3363
l4167
  30l
  l17

36 ik t

I6ttk
24Å}*
•36

qoÅ}xJV
03tt
99kÅ}
25

8Å}ti
89*t
O8**
67

     - Teike : Slgn)ncant a t I O-. I e ve l
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heading. Among them, those between the traits of ratoon and

the percentage of ripened grains in mother plant are worth

being noticed, because they imply that the percentage of

ripened grains can be estimated from a ratoon trait.
Phenotypic correlatio'n coefficients tended to decrease with

the delay of cutting time, and no corre!ations were observed

in cuttings of the 30th and 40th day after heading for any
                                                   'traits and eharacters.

     Genotypie eorrelation coefficients between the traits

of ratoon and the agronomic charaeters of mother plant are

shown in Table 4. In cuttings of 10 and 20 days after

heading, all the ratoon traits had very high positive
correlations with pereentage of ripened grains, while had

generally low correlatioBs with the other characters.

     Heritability estimates in broad sense 'of the traits of

ratoon and the agronomic characters of mether plant are

tabulated in Table 5. The estimates of heritability varied

with cuttiBg time for ratoon weight, but were almost
constant for ratoon height and percentage of ratoon tillers.

The estimates of heritability for percentage of ratoon

tillers were higher than those for ratoon weight and ratoon

height, and were nearly equal to those for culm length,

paniele length and number of glumous flowers per panicle of

mother plant.

l3
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                        Discussion

     Three traits of ratoon, weight, height and percentage

of tillers, decreased markedly with the delay of cutting

time from the 10th to 20th day after heading, then turned

toward increase. These changes are well corresponding to the

changes of earbohydrate content in eu}m shown by SOGA and

NOZAKI (1957), who reported that the carbohydrate eontent in

culm of riee plant rapidly deereased during grain-filling

period of the 10th to 25th day after heading and slightly

inereased after that period. These facts suggest that ratoon

owes its most part of growth to the carbohydrates
aecumulated in the stem base of mother plant.

     Significant differenees were observed among cuitivars

in all of the three traits of ratoon. This shows that these

ratoon traits are all heritable. PRASHER (1970a), YAMAMOTO

(1973), and BAHAR and DE DATTA (1977) reported with the

charaeteristics of rice ratoon that marked differences due

to cultivars w.ere observed also in grain yield.

     Heritability estimate varied with ratoon trait,
deereasing in descending order of percentage' of tillers,

height and weighL Throughout the three traits, however, the

estimate was high enough to exceed its change due to the

time of eutting: The heritability of percentage of ratoon

tillers was much as high as those of culm length and panicle

length.
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     The three traits of ratoon showed significant
phenotypic- and high genotypic-correlations with the
percentage of ripened grains in mother plant, when eutting

was done after the 10th day from heading. Phenotypie
correlation coefficients of the height and the pereentage of

tillers of ratoon to the percentage of ripened grains in

mother plant were higher than that of the weight of ratoon.

It may be coneluded from the above faets that the percentage

of tillers of ratoon obtained by the eutting after 10th day

from heading could be used as an effective indieator for the

pereentage of ripened grains in mother plant. This finding

will make a sigRificant contribution to aetual breeding of

rice' , because the percentage of ripened grains plays a very

important part in eonstituting yield of rice plant, and riee

breeders have not so far been provided with any useful

seleetion measure for percentage of ripened grains due to

its very low heritability as seen in Table 5.

                         Summary

    This chapter was aimed at clarifying the features of

three ratoon traits, their varietal variations and their

relationships to the agronomic charaeters of mother plant.

    Thirty eultivars of paddy rice were grown in a
randomized block design with four replications, each of

17



whieh eomprised 150 plants. The rice plants were eut at 5 em

a b o v e t h e .cr r o u n d a t f o u r d i f f e r e n t s t a g e s , i . e . , o n t h e

10th, 20th, 30th and 40t' h day after heading. Three traits of

ratoon, weight, height and pereentage of tillers, were

recorded on the 40th day after cutting, and their
relationships to the several agronomic charaeters of mother

plant were examined. The results obtaÅ}ned were as follows:

(1År In all the three ratoon traits, conspicuous deereases

were observed when eutting was delayed from the 10th to 20th

day after heading. However, some recovery occurred in the

cuttings of 30th and 40th day after headÅ}ng.

(2) Analysis of variance suggested that three ratoon traits

                                             'were all heritable.

(3) In cuttings of the 10th and 20th day after heading,

there were observed positive and highly significant
phenotypie correlations between these three ratoon traits

and the percentage of ripened grains in mother plant.

(4) Heritability in broad sense for the three ratoon traits

became higher in ascending order of weight, height and

percentage of tillers. Moreover, the heritability of
percentage of ratoon tillers was as. high as those of eulm

length and paniele length.

(5) Experimental results allowed to conclude that the

percentage of ripened grains of rice plant can be estimated

by the traits of ratoon, and the estimation can most

18



effectively be done by percentage

traits examined.

of tillers among the three

/
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  CHAPTER II.

         EFFECTS OF INTERNAL AND EXTERNAL ENVIRONMENTS

                       eN RATOON CROWTH

          SECTION 1. EFFECTS' OF LIGHT AND 'I'EMPERATURE

                          Introduction
             '
       In riee, three traits of ratoon, weight, height and

  pereentage of tiHers, are of use for estimating some
  important agronomic charaeters of mother plant, as was

  suggested in the preceding chapter. However, these ratoon

  traits may be variable according to the internal and
` external environments of the stubble of which the ratoon

  grew out, though they are heritable, as already pointed out.

       In herbage plants, the weight of nevi tops which grew

  out of stubble depends on the amount of reserve substances

  (EHARA et ctZ. 1965a; MAENO AND EHARA 1970b) and on the

  condition of growth sueh as temperature (MAENO and EHARA

  1970a; SATO and MATSUMOTO 1976). Moreover, aceording to

  EHARA et aL. (1965c), the weight of the new tops increases

' when top-dressing of nitrogen is applied just before and

  just after cutting. In rice, the grain yield of ratoon crop

  increased when nitrogen manure was applied to the main erop

  between its early ripening stage and harvesting time
   (YAMAMOTO 1967; BAHAR and DE DATTA 1977; IRRI Ann. Rep.
                                     '



1975). BAHAR and DE DATTA (1977År showed that the grain yield

of low-cut ratoon crop deereased as the time between the

harvest of main crop and the irrigation of ratoon crop was

shortened. These studies on riee were carried out aiming at

the improvement of the double-cropping of rice through

ratooning. In rice, however, experiments for analysing the

infiuenees of internal and external environments on ratoon

have not been made yet.

     This''sectioR presents the effects of temperature and

light on the welght, fieight and pereentage of tillers of

ratoon and also on the weight of stem base part of mother

plant.

                  MateriaZs and Methods

     Riee cuXivar Saehiwatari, whieh sprouts vigorous
                                                    '
ratoon, was used. Thirty four-day-old seedlings were
transplanted on June 4 to 1/5000 a Wagner pots yith a single

plant per pot. Compound synthetic fertilizer (N: 15 %, P20s :

12 %, K20: 15 9o) was app!ied twiee: 3.0 and O.5 g per pot

before transplanting and at boot stage, respectively.

Material plants were cut at 5 cm above the ground on the

10th day after heading, then immediately transferred to four

different environments; 30 OC and sunlight (30L). 30 OC and

dark (30D), 20 OC and sunlight (20L), and 20 OC and dark

(20D), where 'sunlight' aAd 'dark' mean natural eondition
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and real dark throughout the day, respectiveiy. Ratoon

weight, ratoon height, pereentage of ratoon tillers and

besides the weight of stem base were noted on the day of

cutting and on the 5th, 10th and 20th day thereafter. The

stem base means the base part other than roots of mother

plant below the cutting level, in whlch every leaf sheath of

mother plant has been removed. The method for measuring the

three traits of ratoon plant was the same as stated in

preceding ehapter.

                         Resuits
             '

     The heading date of Sachiwatari was August 15. Material

plants were cut on August 25 and immediately transferred to

the four different environments.

     In Fig. 2, ehanges of ratoon weight against the time

after cutting are shown for the four environments. As this

figure shows, the weight was higher in lighter and warmer

environments. The dSfference of weight was higher between 30

OC and 20 CC environments than between sunlight and dark

environments. At each growth stage of ratoon, 30L produced

the highest weight and 30D, 20L and 20D followed it in turn.

On the 20th day, the difference of weight between 30 L and

30D was more remarkable than that between 20L and 20D. In

the dark environments, some of the ratoon foliage withered
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around the 20th day: The withering was more remarkable in

30D than Å}n 20D. Therefore, it is supposed for t•he dark

environments that on the 20th day, there would be little

inerease of the weight, if any. In sunlight environments,

the foliage did not wither on the 20th day.
           '     ChaRges of ratoon height are shown tn Fig. 3. At every

stage of development, the height was higher in 30 eC than 20

eC, the former being approximately twiee as hi.crh as the

latter. There was observed no differenee between suniight

and dark environments excepting a case of 30 OC -20th day,

wher'e 30D plants were significantly higher than 30L plants.

Toward the end of the 20-day observation period, heading was

observed in almost all 30L plants and in some of 30D plants,
   'while no panicle emergenee was observed in 20L plants nor

20D plants. The age of ratoon plant on the 20th day was, if

expressed by number of leaves, approximately three in 30 OC

environment and two in 20 OC .

     Figure 4 shows the ehanges of the percentage of• ratoon

tillers. The maximum values were 131 9o, 105 %, 88 f;. and 78 %
   'ln 30L, 30D, 20L and 20D, respectively. The time required

for reaching these values were 5, 10, 20 and 20 days,
respectively. Thus, the lower the temperature was, 'Lhe lower

both pereentage of ratoon tillers and its rate of increase

were.

     Changes of stern base weight are shown in Fig. 5.

Through the 20-day observation, a nearly linear decrease was
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observed in each environment: The weight was always lower in

30 OC than in 20 OC. The weight in sunlight was
approximately equal to that in dark except for a case of 30

OC-20th day, where an evident difference was observed

between the two envir'onments.

     From the decrease 'of stem .base weight (Fig. 5) and the

inerease of ratoo-n weight (Fig. 2), it is inferred that some

substances contained in the stem base play an important role

in the growth and respiration of ratoon plant. Figure 6

shows the changes in sum of stem base weight and ratoon

weight. In three environments 30D, 20L and 20D, the sums

were almost eonstant at around 7 g throughout the 20 days of

observation. In 30L, on the other hand, the sum was nearly

equal to those of the other environments until the 10th day,

but then''it soon lncreased to reach about 9 g on the 20th

day. This suggests that after 10th day, the foliage of

ratoon in 30L eontributed the photosynthetie products to its

own growth. In dark environment, sinee the substances

contained in stem base should partly be consumed for
respiration, the total weight may decrease after cutting.
            'This decrease, however, was not so large during the 20-day

observation period. Therefore, it seems that quantity of the

substances consumed for respiration is quite little.
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                        Discussion

 • On the 10th day after cutting, ratoon weight was larger

in sunlight environment than in dark one, while st.em base

weight did not differ between the two environments. This may

indicate that the growth of rice ratooh is promoted by

photosynthetie products produced in the fo!iage even at

early period after cutting, and that the produets do not

transfer to the stubble at this period. EHARA et al.

(1965b), however, reported in their experiment with
bahiagrass that during the first few days after defoliation,

light had little effect on. regrowth, but more on the
stubble. This diserepancy is most Iikely to be due to the

difference in material used.

     Stem base weight de6reased almost linearly throughout

the 20 days after cutting in each environment (Fig. 5År, and

on the 20th day, became higher in 30L than in 30D. This

difference between 30L and 30D may have been eaused by the

import of photosynthetic products from foliage to stubble.

If so, it is expeeted that the weight started to inerease

after the 20th day. '
     Both weight and height of ratoon eontinued to increase

in each environment throughout the period of 20 days
following cuttlng (Figs. 2 and 3). Percentage of ratoon

tillers, on the other hand, increased in each environment at

latest by around the 10th day after eutting, but soon

      '



reached a constant value (Fig. 4). These faets indicate that

pereentage of ratoon tillers can be used for earlier
evaluation of mother-plant characters than ratoon weight and

ratoon height.

                         Summary

     The effect of Mght and temperature on ratoon growth

was investigated with a riee cultivar Saehiwatari.

     Thirty four-day-old seedlings were transplan.ted on June

4 to 1/5000 a Wagner pots. Material plants were cut at 5 em

above the ground on the 10th day after heading, then
immediately transferred to four different environments; 30

eC and sunlight Åq30L), 30 Åé and dark (30D), 20 "C and

sunlight (20L), and 20 OC and dark (20D). Weight, height and

percentage of tillers of ratoon plant and stem base weight

were noted on the day of cutting and on the 5th, 10th and

20th day thereafter. The results obtained are as follows:

 '

(1) On each of the 5th, 10th and 20th day after cuttlng,

ratoon weight and pereentage o'f ratoon tillers showed higher

values in 30 OC than in 20 OC, and in sunlight than in dark.
                       t ttRatoon height showed higher value in 30 OC than in 20 OC,

but no difference between sunlight and dark except a case of

30 OC on 20th day.

31



(2) In every environment, the time required for reaching the

constant value was much shorter in percentage of ratoon

tiller.Åq. than in the other. two. This suggested that

percentage of ratoon tillers eould more effectively used as

the indicator for estimating the characters of mother plant

than the other two.

(3) Sum of stem-base weight and ratoon weight was almost

constant throughout the observation period in all the
environments other than 30L. IR 30L environment, the sum was

equal to those in other environments until the 10th day

after cutting, but then it soon increased. This suggested

that after the 10th day, the foliage of ratoon in 30L
contributed its photosynthetic products to its own growth.

The fact that the sum in dark environments were almost

constant throughout the 20 day-observation period, suggested

that the substanees contained in stem.base was litde
consumed for respiration of ratoon plant.

32
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           SECTION 2. EFI7ECT OF MACRONUTRIENTS

                       Introduction

     On the response of ratoon crop to macronutrients,

YAMAMOTO Åq1967), IRRI Ann. Rep. (1975) and BAHAR and DE

DATTA (1977) reported that the grain yield of the ratoon

crop of rice inereased when nitrogen manure was app!ied to

the main crop between the early ripening stage and
harvesting time. SU (1980) also showed with the application

of nitrogen fertilizer to ratoon crop of rice that the
                    'earlier the application was, the hÅ}gher the grain yield

became. In these papers, however, they did not deal with the

responses of tiiler number and height of ratoon plant.

Moreover, no reports on those responses have appeared yet.

     The obj'ective of this section is to determine the
                                                  'effects of the amount of nitrogen, phosphorus and potassium

fertilizers and the timing of ferti!ization on the growth of

riee ratoon.

    Rice cultivar

hundred seedlings

in 1981 to 1/5000

 Materials and Methods

  Ginmasari was used as material. Two
of 35-day-old were transplanted on June 25

ct Wagner pots with a singie piant per pot.
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The transpianted plants were held with the gravel put in a

plastic basket of 5 em deep, and were grown in Kimura's B

solution (the solution listed in Tabie 6 as "standard"). On
                                           'the heading date of the eultivar, material plants were

submitted to the treatment for determining the effect of

macronutrient on ratoon growth, using six different nutrient

soiution shown in Table 6. The treatment was condueted for

20 days according to the design shown in Table 7, which

involved ten kinds of culture. As also indicated in Table 7,

material plants were cut 10 days after the heading date at 5

cm above the ground level Åqgrave surfaee in pot) to make

ratoons sprout. After the 20-day treatment finished, al! the

ratoon plants were cultured by the standard solution for

further 30 days.

     On the 10th day after cutting, percentage of ratoon

tillers and ratoon height were noted. On the 40th day after

cutting, percentage of ratoon tUlers, ratoon height and

ratoon weight were recorded. Ratoon height was expressed as

the length from the cutting level to the top of plant. The

other two tralts were measured with the same manner as used

in CHAPTER I.

The heading

       Results

date of Ginmasar•i was August 26.
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Table 7. Design for
on ratoon.

deterininina the eEfect          " of macronutnents

Treatment
 number Svmbol

 `

Solution applied for !O days

U,ntil cutting * After cuttingx

 l
2
3
4
5

 6
 7
 8
 9
IO

ooo /
!ll /
222 /
ooe /
222 /

!u /
lll /
111 /
Å}u /
lll /

ooo
lll
222
lll
lll
ooo
222
Oll
IOI
llO

NPKO
NPKI
NPK2
NPKO
NPK2
lPKI
NPKI
)!gpKl

NPKI
NPKI

NPKO
NPKI
NPK2
ND.IKl

NPKI
NPKO
NPK2
 NO
 po
 KO

*: Cutting was ruade at IO days after headÅ}ng.
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Accordingly, the cutting of plants (mother plants) was made

on September 5 (10 days later) and the treatment for
determining the effect of maeronutrients was conducted for

the 20-day period from August 26 to September 15.

     Figure 7 shows the responses of the three traits of

ratoon, percentage of tillers, height and weight, to the

total amount of macronutrients applied throughout the
treatment. On both the 10th and the 40th day after cutting,

percentage of tiIIers significantly increased with the

increase of the amount of macronutrients applied. On the

40th day, the values in macronutrient-deficient and standard

solution cultures beeame 77 and 88 "/o of the value Å}n doubled

solution culture, respectively. The value in
macronutrient-deficient solut'ion eulture increased from the

10th day toward the 40th day, but those in standard and

doubied solution cultures did not ehange, indieating that

sufficient maeronutrients promoted tillering.

     The increase of height due to the increase of
macronutrients was observed on both the IOth and the 40th

day. Statistieal significance was, however, observed only in
                                              '            'the increase from macronutrient-deficient to standard

solution eulture. The weight on the 40th day responded to

the amount of macronutrients applied, inereasing
               .t
significantly. The values in maeronutrient-deficient and

standard solution cultures were 75 and 90 e/Z of the value in

doubled solution culture, respectively. These ratios are
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approximately equal to those observed in percentage of

tlllers.

     Figure 8 shows the responses of the three traits of

ratoon to the macronutrient application during 10 days prior

to cutting. On both the 10th and 40th day after euttmg,

percentage of tillers tended to be higher in standard and

doubled so!ution than in macronutrient- deficient solution,

but statistically significant differences were not detected.

Likewise, no significant differenees were observed in height

nor weight. Thus, fertilization of macronutrients during 10

days just before cutting proved not to have any slgnificant

influence on ratoon growth.

     The responses of the three ratoon traits to
macronutrient application during 10 days just after eutting

are as shown in Fig. 9. 0n both the 10th and the 40th day

after cutting, percentage of ratoon ti11ers significantly

inereased as the amount of macronutrients increased. On the

40th day, the values in macronutrient-deficient and standard

solution culture reaehed 73 and 90 % of the value in doubled

so!ution, respectively. These ratios are approximate!y equal
            'te those in percentage of tUlers shown in Fig. 7. Thus, the

pereentage of tillers in macronutrient-deficient solution

was still far iess than that in standard solution even on

the 40th day after cutting, whereas ratoon plants had all

been cultured in the same solution (standard solution) after

the 10th day from cutting. This means that tillering of
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ratoon is mostly determined by the amount of macronutrients

existing during 10 days following cutting.

     The height on the 10th day after eutting was
significantly lower in macronutrient-deficient solution than

in standard and doubled solutions. On the 40th day, however,

sueh a significant difference disappeared. The weight was

significantly inereased in response to the dose of
maeronutrients. The values in macronutrient-deficient and

staRdard so}utiQns were 73 and 93 % of the value in doubled

solution, respectively. These ratios were approximately

equal to those in the percentage of tillers and weight shown

in Fig. 7. Fertilizing during 10 days following cutting thus

proved to have an important influence on ratoon, especially

on percentage of tillers and weight.

     The effects of nitrogen-, phosphorus- or
potassium-deficiency on the three traits of ratoon are shown

in Fig. 10. 0n the 10th day, after cutting, significant

decrease of pereeRtage of tillers was observed in nitrogen-

and phosphorus-deficient solution, but not in
potassium-deficient solution. On the 40th day, significant

deerease of this ' trait was observed only in
nitrogen-defieient solution, though an apparent decrease

oecured in phosphorus-deficient solution. Percentages of

tillers in nitrogen-, phosphorus- and potassium-deficient

solutions were 84, 92 and 101 9o of that in standard
solution, respectively. Over 10th and 40th days, significant
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decrease of height was observed only on the 10th day and

only in nitrogen-deficient solution. With the deerease of

weight, nitrogen-deficiency ranked first, followed by
phosphorus-deficieney, potassium-deficieney and standard in

turn, and mutual differences were all significant except

those between phosphorus-deficient and potassium-deficient

so!utions, and between potassium-deficient and standard

solutions. The weights in nitrogen-, phosphorus- and

potassium-deficiencies were 75, 88 and 95 % of that in

standard solution, respeetively.

Discussion

     As ean be seen from the observation on the 40th day

after cutting, the application of macronutrients before

cutting produced no signifieant effect on all the ratoon

traits examined (Fig. 8),, but that after cutting brought

about eonsiderable difference due to the applied amount in

percentage of ratoon ti!lers as well as in ratoon weight,

though Bot in ratoon height at all (Fig. 9). This means that

the time of ferti'lization as well as the amount is of great

importance for increasing percentage of ratoon tillers, but
                            'not for increasing ratoon height. According to BAHAR and DE

DATTA (1977), however, when the rate of nitrogen app!ied to

ratoon crop increased, the tiller number of ratoon plants
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did not show any signifieant increase. This diserepancy may

be attributable to the differenee between solution culture

in pot and soil culture in field.

     The result that macronutrient applieation before
cutting had no significant effect on all the ratoon tralts,

may also suggest that macronutrient application before

eutting produces no increase of the reserve substanees in

stem base. This eonsideration may be supported by EHARA et
ctt. (1965a), who showed in Italian ryegrass and orehardgrass

that the dry weight of new tops increased .with the increase

of reserve substances contained in stubbie.

     According to DE DATTA (1981), the symptom of nitrogen

and phosphorus deficiencies in rice plants is 'stunted

plants with limited number of tiliers', while that of
                                        'potassium defic.iency is 'stunted plants with slightly

redueed number of tiHers'. SEKIYA (1963a,b, 1967) showed

that the inhibitory effect on the tillering-bud development

in riee plants was largest for nitrogen deficieney, second

for phosphorus deficieney, third for potassium deficiency;

especially the effeets of nitrogen and phosphorus
deficiencies were remarkable. EHARA et aZ. (1965e) indicated

on the ' regrowth of bahiagrass that the effeet of
maeronutrient defieiency in nutrient solution was by far

larger for nitrogen than others and very slight for
potassium, and there was no differenee of the regrowth

behavior between the plants grown in phosphorus-deficient
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nutrient solution and those grown itstandard one. In the
                         'present experiment, the effect of macronutrient deficiency

on pereentage of ratoon tjllers was largest for nitrogen,

second for phosphorus, third and slight for potassium. These

faets show that the deficiency of some macronutrient affeets

main crop and ratoon crop in the same manner.

     The weight and tiller number of ratoon were influenced

most remarkably by nitrogen (Fig. 10). This stands for the

importance of nitrogen in ratoon erop of rice, since the

weight and tiller number of ratoon directly take p. art in the

grain yield of ratoon crop. BAHAR and DE DATTA (1977År and

MENGEL and WILSON (1981) reported that significant increase

of grain'' yield in ratoon crop of rice was obtained by the

nitrogen fertilization following cutting. The sarne results

were shown in sorghum by ESCALADA and PLICKNETT (1977) and
                            'TOUCHTON and t"IARTIN (1981). According to tvlAENO and EHARA

(1970b), NADA and EHARA (1970) and WILMAN and WRIGHT (1978),

ratoon weight a!so significanUy increased by app!ying
                                          'nitrogen fertilizer following eutting in oats, dallisgrass,

Italian ryegrass, perennial ryegrass and orchardgrass. These

indications that the application of nitrogen is needed for

the ratoon eropping in rice and grasses seem to support the

results of the present expenment.

     As easily inferred from the above facts, the defieiency

of nitrogen greatiy redueed the growth of ratoon (Fig. 10).

This reduction of ratoon growth is considered to be due to

                                    '



the inhibitory eflect of nitrogen deficiency against the

utilization of reserve substances aeeumulated in stem base,

because all the plants submitted to the treatment for
macronutrient deficieney (Fig. 10) were grown under the same

nutritional eondition from transplantin.cr to cutting, and

hence they should have had the same amount of the reserve
   'substances at the cutting time. Thus it may be eoncluded

that the nitrogen app!led just after cutting plays a very

important role in the utilization of reserve substances,
                                     'eventually in the growth of ratoon plant. The above
interpretation for the action of nitrogen is supported by

the result of KUMAI and SANADA (1973) that in the regrowth'

of orchardgrass, nitrogen deficiency gave rise to the
                    'reduction of utilization efficiency of reserve substances.

     Putting the results obtained from the present
experiment together, in so far as the fertilizers are liquid

ones, it can be said that. the applications of nitrogen and

phosphorus fertilizers immediately after harvesting of the

main erop are most effeetive for ratoon produetion.

                         Summary

                         '
                                                   .     In this section, the effects of macronutrients
ratoon growth of rice were examined for the amount, kind

time of application.

 on

and
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     Rice plants of a eultivar Ginmasari were grown in
Kimura's B solution (standard soiution). On the heading date

of the cultivar, material plants were submitted to the

20-day treatment whieh consisted of ten klnds of culture

with six'different nutrient solutions. Material plants vere

eut 10 days after the heading date (in the middle of the

treatment) at 5 em above the ground level. After the 20-day

treatment finished, all the ratoon plants were eultured by

the standard solution for further 30 days. On the 10th day

after cutting, percentage of ratoon ti!lers and ratoon

height were noted. On the 10th and 40th day after eutting,

pereentage of ratoon tillers, ratoon height and ratoon

weight were recorded. The.results obtained are as follows:

(1) The macronutrient app}ieation during 10'days prior to

cutting had no significant influence on all the three ratoon

traits examined, but that during 10 days after eutting

brought about coBsiderable differences due to the applied
                               'amount in two traits, pereentage of ratoon tillers and

ratoon weight.

(2) With the deereases of percentage of tillers and weight,
  '
the effeet of nitrogen defieiency ranked first, followed by

phosphorus deficieney, potassium deficiency and standard
                     'solution in turn. The values of these traits m potassium

deficiency did not differ from those in standard solution.
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          SECT!ON 3. EFFECT OF WATER MANAGEMENT

                       Introduction

     Effects of external environmeRts such as light,
temperature and macronutrients on the growth of ratoon were

discussed in the preceding seetions. These discussions

naturally lead to the interest that water management may

also have significant effects upon the growth of ratoon.

According to HARNAEZ (1958), irrigation immediately after

harvest is liable to cause the stubble to rot. BAHAR and DE

DATTA (1977) found that when the stubble was reflooded, the

cutting height of the main crop had no influence on the

grain yield of ratoon crop. That is, when the main crop was

cut at the ground level, the yield of ratoon crop increase

by delaying the flooding until 12 days after harvest. When

the main erop was eut at 15 em, on the other hand, the

timing of. the flood during the first 16 days after harvest

had no effect on the yield of ratoon crop. MENGEL and WILSON

Åq1981) reported that early flooding after harvest of the

main crop resulted in a more rapid and uniform regrowth than

delayed flooding.

     The objective of this seetion to determine the effect

of reflood timing on the growth of riee ratoon. The study

consists of two experiments.
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                  Materials and Methods

Expe ri nsent I .
                                     '
     Eighty plants each of two rice cu!tivars, Yaeho and

Oseto, were used as materials. Thirty five-day-old seedlings

were transplanted on June 17 in 1980 to 1/2000 ct Wagner pots

with two plants per pot. Transp}anted plants were fertilized
                    'with 12.0 g of compound synthetie fertilizer (N: 15 %, P20s :

12 0%, K20: 15 %). Five-sixth of the fertilizer was
broadcasted before transp!anting; the rest was applied at

the boot stage. Materia! plants were cut at ground level and

at 5 cm above the ground on the 10th day after the heading

date of each cultivar. Immediately after the cutting, plants

received two irrigation treatments; a continuous flooding 5

em deep and a non-flooding. On the 5th, 10th, 20th and 40th

day after. cutting, percentage of ratoon tillers and ratoon

height were measured by the same manner as stated in the

preceding section.

Experiment II.

     One hundred and fifty plants of a rice cultivar
Koshihikari was used as materials. Thirty five-day-old

seedlings were transp}anted on June 18 in 1981 to 1/2000 a

Wagner pots with two plants per pot. The transplanted plants
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were fertilized in mueh the same way as in Experiment I.

Material plants were cut at 20 cm above the ground on the

10th day after the heading date of the eultivar. The plants

receÅ}ved ten irrigation treatments which differed in the

depth of water Åqdrained, under 1 em, 5 cm) and the period of

flooding. Figure 11 shows the design of the experiment.

Percentage of ratoon tillers and ratoon height were measured

in the same way as in ExperthneRt I.

                         Re$ults

Experiment I.
                                                 '
     The heading dates of Yaeho and Oseto were August 31 and

August 26, respectively. Changes in percentage of ratoon

tillers are shown in Fig. 12. Most of hills in either
cultivar did not produce ratoons when the main erop was cut

at ground level and the water depth was maintained at 5 cm.

Flooding with 5 cm depth, however, did not affect the
percentage of ratoon tillers wheR the main erop was eut at 5

cm. Reducing the cutting height from 5 cm to the ground

level caused a si:gnificant decrease of ratoon number for

Oseto, but not for yaeho. Pereentage of ratoon tillers
reached its highest value on the 20th day after eutting.

     Figure 13 shows the changes in ratoon height following

eutting. In the treatment where cutting height was the
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ground level and water depth 'was 5 cm, there w.as observed

extremely low ratoon height in Oseto, and was hardly
observed ratoon growth in Yaeho. Among the other treatments,

no significant differenees of ratoon height were found in

both eultivars. Flooding with 5 cm depth did not affect

ratoon height when the main crop was cut at 5 em above the

ground level. Cutting height did not affeet ratoon height,

whieh reached the highest value within 35 days after
cutting, in non-flooded treatments. Heading was observed in

most treatments during the period from the 30th to the 35th

day after eutting.

Experiment II.

     The heading date of Koshihikari was August 22. Material

plants received ten irrigation treatments (Fig. 11). The

ratoon crop eaused no missing hills. Percentage of ratoon

tillers and ratoon height on the 5th, 10th, 20th and 40th

day after cutting are shown in Table 8.,Percentage of raÅíoon

tillers was the highest on the 20th day from cutting, being

the same as the result of experiment I. Percentage of ratoon

tillers teltded to be' lower in the treatments whieh had

flooded immediately after cutting than in those which had

not flooded for a week following cutting. Ratoon height

reaehed the highest value within 35 days after cutting alike

experiment I, and did not differ much amoRg all the
treatments. The conelusions based on the variance analyses
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for pereentage

in Table 8 as "

differences of

Thus, the water

significantly

ratoon height,

of ratoon tiliers and ratoon height are given

NS", showing that there were no significant

  variance among the irrigation treatments.

 management as shown in Fig. M seems not to

affect the percentage of ratoon ti!lers nor

when the cutting is made at as high as 20 cm.

                        Discusszon

                                                     '
     There were uniformly observed vigorous ratoons when

mother plants were cut at 5 cm above the ground level. When

the stubbles were submerged in water due to the cutting at

the ground level, however, most of the hills did not produee

ratoons (Fi,g. 12). On the other hand, BAHAR and DE DATTA

(l977) observed also that missing hill increased as the time

between harvest and irrigation as shortened. These facts

suggest that the oecurrenee of missing hills are due to

rotting of the •resting buds of ratoon p}ant as HARNAEZ

Åq1958) reported , and that large amount of oxygen are needed

for regenerating of the resting buds, because the rotting is

eonsidered to be .caused by a oxygen deficieney at the

resting buds. .
     Water management did not affeet percentage of ratoon

tillers and ratoon height when the main crop was cut at 5 cm

above the ground (Fig. 12 and Table 8). BAHAR and DE DATTA
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(1977) also reported that the effect of water management was

not signifieant on the grain yield of ratoon crop. According
                                  'to MENGEL and W,ILSON Åq1981), however, early flooding after

the harvest of main erop resulted in rapid and uniform

growth of ratoon crop and consequently in inerease of grain

yield. This discrepaney may be due •to the difference in the

cultivar used as material and the eondition of eulture,

especially the soil moisture at harvesting time of main

erop.

     In either cultivar used as material, percentage of

ratoon tillers did not inerease after the 20th day from

cutting (Fig. 12 and Table 8). On the other hand, HSIEH and

YOUNG (1959) and MAHIUL HAQUE and COFFt"IAN (1980) found in

ratoon crop that tiller number related signlficantly and
                    'positively to grain yieid. These facts show that in
double-cropping through ratooning, number of tillers
required for high grain yield should be ensured in the

period from the day of eutting of main crop to the 20th day

after eutting.

                         Summary

                              '    To determine the effect of water

the growth of rice ratoon, two
different from each other in year

 management

experiments,

of practiee,

system on

whieh were

  cultivar
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used, cutting height and irrigation eondition, were
eonducted. Through the two experiments, material rice piants

were grown in 1/2000 a Wagner pots and cut on the 10th day

after heading. Cutting was made at the ground ievel and 5 cm

above the ground in experiment I, and at 20 cm above the

ground in experiment II. Water depth for irrigation was 5 cm

in experiment I and under 1 cm and 5 em in Experiment II. At

40 days after cutting, percentage of ratoon tillers and

ratoon height were examined. The results obtained are as

foliows:

                                                 '
(1) When the main crop was cut at the ground level and the

water depth was maintained at 5 cm above the ground, most of

the hills did not produce ratoons.

(2) When the main crop was cut at 5 cm above the ground,

water depth did not affect the percentage of ratoon tillers

and ratoon height.

(3) When the main crop was cut at 20 em above the ground, no

significant effects of water management on the percentage of

ratoon tillers and ratoon height were observed.

(4) Experimental results suggested that no special attention

is needed for the water management in case of estimating

agronomie characters of mother plant by ratoon traits.
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   SECTION 4, EFFECT OF RESERVE SUBSTANCES IN STEM BASE

                       Introduc ti on

                     '
     In the preceding section, the effeets of some extemal

environments on the growth of rice ratoon were studied.

However, it is natural to consider that ratoon growth must

be affected also by internal environments of the stubble and

roots; such as the amount of reserve substances, the number

and vigor of resting buds, and so on. With regard to this,

EHARA et at. Åqi965a) reported `Lhat in herbage plants, the

dry weight of new tops increased with the increase of
reserve substances contained in the stubble. This may be the

case with rice. However, the investigations coneerning such

internal environments have not so far been published to date

ln rlee.                                                       '
     This seetion is to elarify the effect of reserve

substances contained in stem base of rice plant on the

growth of the ratoon.

                   Materials and Methods

                       '
     Forty plants eaeh of 6 rice cultivars, Ginmasari,

Sachiwatari, Chiyohikari, Azusa, Satominori and Yaeho, were

used as materials. Thirty five-day-old seedlings were



transplanted to 1/5000 a Wagner pots with a single plant per

pot on June 5 in 1980 and compound fertilizer (N: 15 %,

P2.0s : 12 %, K20: 15 9oi) vas applied at the rate of 3.5 g per
                          'pot as basal dressing. For 2 weeks from 4 days before

heading to 10 days after heading, the plants were grown in

the green house under three different environmeltts; full

sunlight (natural eondition), about 50 "/a sunlight and about

25 % sunlight. The intensities of sunlight in these
environments were 83, 41 and 21 x 103 lux, respectively.

Regulation of sunlight was made aiming at artificial control

of the amount of the reserve substances to be accumulated in

the stem base of plant. The treatment was carried out by

shading with black cheese cloth. The plants were eut at 5 cm

above the ground on the 10th day after heading (exactly, the

heading date of relevant cultivar). Immediate}y after
cutting, the p}ants were transferred to dark environment

(real darkness) of 25 OC . No fertilizer was applied to the

ratoon erop.

     Ratoon height and percentage of ratoon tillers were

noted on the 5th, 10th, 15th, 20th, 30th and 40th day, and

ratoon weight'was scored on the 40th day after cuttmg.
                                                       'Tvlethods for measuring these traits were the same as those in

CHAPTER I. On the day of cutting, on -the other hand, stem

bases of some plants were sampled and measured for dry

matter weight to determine the stem base weight per hi!1 and

stem base weight per stem. Furthermore, the tota! available



earbohydrate !TAC) content of stem base was analyzed in

manner suggested by MURAYAMA et aZ. (1955) and from

results obtained, TAC weight in stem base per hill and

per stem, and TAC content in stem base were determined.

 the

 the

that

                         Resu!ts

     The heading dates of the six cultivars ranged from

August 9 to August 20. The results of variance analysis for

the five stem-base traits, 1.e., stem base weight per hill

and that per stem, TAC weight in stem base per hill and that

per stem and TAC content in stem base, and those for the

three ratoon traits, i.e., percentage of tillers, height and

weight, are shovn in Tab}e 9. The varianees due to cukivar

were all significant. This suggests that the traits examined

for stem base and ratoon are all heritable. The varianees

due to shading were also all significant and no variance due

to cultivar x shading interaction were signifieant. This

result means that all the traits examined varied with the
                             'extent of shading, and that no deteetable differenees in the

varying existed among cultivars.

     The means of five stem-base traits of the six cultivars

in three different environments are given in Table 10. As

seen from this table, the values of the five stem-base

traits eonslderably and linearly increased with the
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Table 10. Five s-iefirbase characters in 3 environments.

Tra fi t
  Fu]]
sunliqht

  50 o/.

sunlight
  25 O/,

sunlight

Stem base weight per hill (g)

Stem base weight per stem (g)

TAC weiG.ht in stem base per .hiH (g)

TAC weight in stem base per stem (g)

TAC sontent in stem base
   (mg/g dry wt.)

  4.42

  O.303

  2.69

  O.185

605

  3.21

  e.215

  1.68

  O.I09

492

  2.80

  O.385

  1.29

  O.085

456
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intensity of sunlight.

     E?igure 14 shows that the ehanges of pereentage of

ratoon tillers and ratoon height in the three different

environments. As shown in this figure, both the parameters

increased logistically as the days after cuttlng increased.

The greatest vaiues were significantly different from eaeh

other among the three environments.

     The greatest values in pereentage of ratoon tillers

were 71, 58, and 35 0% in full, 50 9o, and 25 % sunlight,

respectively. The time required for reaehing these greatest

values did not vary with envir,onment, being about 15 days..

The greatest values in ratoon height were 64, 48, and 30 cm

in full, 50 %, and 25 9o sunlight, respectively. The time

required for reaching these greatest values was deereased

with reducing intensity of sunlight; 30, 25, and 20 days in

full, 50 %, and 25 % sunlight, respectively.

     Figure 15 shows ratoon weight in the three different

environments on the 40th day after Åëutting. As seen from

this figure, the weight was eonspicuously decreased with the

decrease of sunlight intensity. Both the five stem-base
            'traits and the three ratoon traits inereased with the

increase of the intensity of sunlight. This tendency was

statistically verified by the results shown in Table 11,

which indicates that every one of the correlation
                           'coefficients between the five stem-base traits and the three

ratoon traits was positive and significant. Of the five
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.

                     '
              'stem-base traits, those other than TAC content were
correlated with the three ratoon traits more highly than TAC

content. As to the three ratoon traits, on the other hand,

ratoon weight had the highest eoeffieients of correlation

with the five stem-base traits, fol)owed by ratoon height

and percentage of ratoon tillers in turn. Thus, it is

expeeted that the ratoon weight in darkness can most

suecessfully reflect the traits of stem base and,
eventually, the amount of reserve substances at the time of

euttlng.

     From the faets that growth of ratoon thus depends

largely upon the weight of stem base and that of TAC ln stem

base, it is supposed that no ratoon piants can grow out when

stem base and TAC in stem base are too small in weight.
                    tt
Relationships of ratoon weight to stem-base weight per stem
                                               'aBd TAC weight i.n stem base are shown in Fig. 16, where

stem-base weight 'per hill' was not taken up to avoid the

influenee of varietal difference in number of ti!!ers. This
                    'figure suggests that no ratoon plants grow when stem-base
                  'weight per stem is under O.17 g or TAC weight in stem base

per stem is under O.07 g.

     Figure 17 $hows the relationship between stem-base

weight per stem and TAC weight in stem base per stem. As

seen from this figure, both had very high and significant

eorrelation with each other: All values form eaeh cultivar

were located almost on a straight line. Sinee reserve
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substaBces in plant are mainly composed of TAC ÅqWEINMANN

1940), this result implies that the amount of reserve
substances contained in stem base can be easily estimated by

stem-base weight. This is supported by the finding of MORAN

et al.. (1953) in some herbage plants that both stem-base

welght and root weight are highly correlated with the amount

                        Discussion

     In this experiment, three traits of ratoon, i.e.,

percentage of tiHers, height and weight, exhibited positive

significant correlations with TAC weight in stem base per
     'stem and TAC content in stem base, and the former
correlation eoefficients were higher than the latter ones.
These results'  suggest that ratoon growth of rice plant

largely depends on the amount of reserve substances,
especia!ly on TAC weight in stem base. EHARA et aZ. (1965b)

reported in herbage plants of Crantneae that ratoon growth

depended on the amount of reserve substances in stem base

and roots. According to YOSHIDA and TAKAHASHI (1958), roots

of rice plant did not have a role as astorage organ.
WEINt"IANN (1940) found that reserve substances in plant were

mainly composed of TAC. It may be gathered from these
findings inclusive of the present experimental result that

                                             '



ratoon growth of rice depend$on the amount of TAC in stem

base alone, at least at the early stage of growth.

     In order to evaluate the.reserve substanees in stem

base by means of some ratoon traits, it seems of importanee

to choose the trait available. In dark environment, ratoon

weight, ratoon heÅ}ght and percentage of ratoon tillers were

all closely related to the amount of reserve subs/tanees in

stem base (Table 11). In sunlight environment, en the other

hand, the growth of ratoon after the 10th day from cutting

were affeeted not only by the amount of reserve substanees

in stem base but also by photosynthetic products in foliage

ÅqEig. 6). However, the dependence on the photosynthesis in

foliage is considered far less in percentage of ratoon

tillers than in ratoon weight and ratoon height, because

percentage of ratoon tillers reached a constant value after

cutting far rapidly compared with ratoon weight and ratoon

height (Figs. 2, 3, 4 and 14). From these facts, it can be

said that percentage of ratoon tillers is most useful as a

tool for evaluating the amount of reserve substances among

the three traits of ratoon. •
     In ratoon eropping of rice, grain yie!d depends highly

on the number of tillers of•ratoon plants. However, the

number of ratoon tillers rapidly reaches a constant value

after the harvesting of mother plants, as stated above.

Therefore, the eultivars which provide a large quantity of

reserve substances at the harvesting time, such as

           '



Satominori in the case of this study (Fig. 17), may be

advantageous for ratoon cropping.

                          Summary

     This section was aimed at elucidating the effect of

reserve substances on the growth of ratoon in rice.

     In order to regulate the amount of the reserve
'substances in the stem base of plants, potted rice plants

were grovn for two weeks from 4 days before heading to IO

days after heading under three different environmenLLs; fuil

sunlight, about 50 9o sunlight and about 25 % sunlight.

     The plant was cut at 5 em above the ground on the 10th

day after heading. Stem-base weight and TAC amount i'n the

stem baSes of some mother plants were measured on the day of

euttlng.

     Immediately after cutting, the plants were transferred

to a dark environment of 25 OC . Ratoon height and percentage

of ratoon tillers were noted 6 times during 40 days after

eutting. Ratoon weight was recorded on the 40th day after

cutting. The results obtained are as follows:

 (-1) Five stern-base traits ineluding stem-base veight per

stem and TAC weight in stem base per stem, and the three

ratoon traits significantly increased with increasing

          '



intensity•of sunlight (Tab!e 10, Figs. 14 and 15).

(2) Every one of the correlation eoefficients between the

five stem-base traiLLs and the three ratoon traits was
positive and signifieant. And ratoon weight had the highest

coefficients of correlation with the five stem-base traits.

Therefore, the ratoon weight in darkness can most
successfully reflect the amount of reserve substances on the

time of cutting ÅqTable 11).

(3) The amount of reserve substances eontained in stern base

can be easily estimated by stem-base weight (Fig. 17).
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CHAPTER III.

       RELATIONSHIP BETWEEN RATOON TRAITS AND LODGING
                         '                RESISTANCE OF MOTHER PLANT

                       Introduetion

     Lodging damages grain yield directly by interfering

with the aceumulation of dry matter, and reduces the yield

indirectly by causing many difficulties in case of harvest.

Lodging also affects grain qua!ity disadvantageously. These

are the reasons why !odging resistance has ever been one of

the most important breeding objeetives also in rice plants.

However, a close selection for Iodging resistance is often

hindered by a lot of difficulties involving the neeessity of

much Eime and labor for measurement of the trait. Thus the

exploitation of an effective method for estimating lodging

resistanee has become an important problem imposed on
breeding researeh. From this point of view, the possibility

for estimating the lodging reslstance of rice plant by means

of some trait of• ratoon was investigated in this chapter.
            ./For this purpose, the experiment was carried out aiming at

clarifying the relationships of the traits of ratoon to the

lodging resistance of mother plant.

     A number of investigations have so far been earried out

on lodging resistance and its related characters. For
instance, SEKO (1962) found that !odging resistance largely
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depended on the breaking resistance of culm. MATSUO (1952)

reported that the resistanee closely related to stem-base

weight. Aceording to SATO (1957År, the resistanee varied with

the starch content of culm, which is a major eomponent of

reserve substances. t"loreover, it was observed by KONO and

TAKAHASHI (1961År the breakin.ff resistance of eulm was

associated with the starch content.

     As suggested from the above mentioned findings, there

seem to be provided various approaches to estimate the

lodging resistance through the relationship between the

traits of ratoon and the lodging resistance as expressed by

lodging index; estimating directly through the eorrelation

between some ratoon trait and lodging resistance, and

indirectly through that between some ratoon trait and each

of the mother-plaitt characters associated with lodging
r e s i s t a n c e , s u c h a s b r e a k ; n .ff r e s i s t a n c e o f e u l m , c u l m

length, internode Weight, stem-base weight, stareh content

in culm, and so on.

     In this s•tudy, stress was p!aeed on clarifying the

relationships of ratoon traits to lodging index, breaking

resistance and stem-base weight, and on assessiRg whether

ratoon traits are really fit for the use'as the indicators

for estimating the lodging resistance of mother plant.

77



                  Materials and Metho'ds

     Twenty one rice cultivars (Omy.-.r-a scztiva L.) listed in

Table 12, supposed to be different in lodging resistance,

were used as materials. Experiment was carried out in the

farm of Kagawa University in 1980. Thirty four-day-old

seedlings were transplanted on June 17 with a single plant

per hill spaced at 30 x 10 em. 'lrhese cultivars were grown in

a randomized block design with two replications. Each
replieation eomprised 150 plants. They were fertiUzed with

1.0 kg N/a, O.8 kg P20s /a and 1.0 kg K20/a as basai
dressing. No fertiIizer was applied to the ratoon crop.

     The 21 cultivars were cut at 5 em above the ground at

flve different growth stages, i.e., the day of heading of

each cuitivar, and 10, 20, 30 and 40 days after the heading.

Two ratoon traits, height and pereentage of tillers. were

noted on the 40th day after cutting. On the other hand, four
                                                  'mother-piant characters associated with lodging, breaking

reslstance of culm, stem base weight, internode weight and
lodging index, "ere recorded every 10 days from the day of
            'heading to the 40th day after heading. Heading date and eulm

!ength were also scored individually.
                                                       '     Ratoon height was expressed as the length from the

cuttlng level to the top of plant. Percentage of ratoon

ti11ers was determined by the same manner as used in CHAPTER

I. Breaking resistance was measured for culm after all leaf
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sheaths were.removed from the materiai plant, by means of

the straw fracture tester Model EO-3 (Kiya Seisakusho Ltd.),

wtth 6 cm spacing between fulcrums. With four cultivars of

the 21 cultivars, Chugoku No. 68, Minenishiki, Kyoto-asahi

and Yaeho, however, internode with leaf sheaths was also

subjeeted to the measurement of breaking strength on the

30th and 40th day after heading, to determine the effect of

!eaf sheath on breaking resistance. Internode weight was

measured for the dry matter weight per unit Iength of 3rd or

4th internode from the uppermost internode, using the

materials whose breaking resistance had already been
recorded. Stem-base weight was obtained as the dry matter
                        'weight per stem. Lodging index, which was suggested tvlATSUO

(1952) and SEKO (l962), was expressed as the ratio of moment

(plant height x plant weight) to breaking resistance of ehe

internode concerned.

                         Results

            '     In Flg. 18, the change of character value (mean value

for the 21 euKivars) with the advance of growth stage is

shown for four mother-plant characters, internode weight,

stem-base .weight, breaking resistance and lodging index. In

three charaeters other than lodging index, the values
increased for the first 10 days following heading time, then
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declined for the succeeding 10 or 20 days and finally, on

the 40th•-day after heading, recovered or exceeded the

initial levels. In each of these eharaeters, the growth

stage the largest value appeared was observed on the 10th

day after heading. On the other hand, lodging index
continued to increased for 30 days following heading time,

then declined. This shows that riee plants are most
susceptible to lodging around 30 days after heading.

     In Fig. 19, the change of varietal mean value with the

de!ay of cutting time is ,shown for two ratoon-piant traits,

percentage of tillers and height. The change of percentage

of ratoon tillers was similar to those of internode weight,

stem-base weight and breaking resistanee. Percentage of

ratoon tUlers was highest in the cutting of .the 10th day

after heading and lowest in that of the 30th day. Ratoon

height was somewhat different from percentage of ratoon

tillers in the tendency of response to the delay of eutting

time. However, the difference of the tendency was observed

only in the cutting of 10th day after heading. The tendeney

common to these two traits is similar to that shown in the

resuit of CHAPTER I (Fig. 1), whereas the cu!tivars used and

the year of experiment were both different each other.

     In both of mother plant and ratoon plant, a wide range

of variation among cultivars was observed in every character

examlned. For instance, the range of heading dates was 27

days from August 12 to September 7. 0f these characters, the

           '
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six ones taken up in Figs. 18 and 19 were analysed for their

variances. The results are given in Table 13. As this table

indicates, the variance due to cultivar, growth stage and

cultivar x growth stage-interaction in the four mother

plant's characters were highly significant. This was the

case also for the varianees due to cultivar, cuttxng time

and eultivar x cutting time-interaetion in the two ratoon

traits, as suggested from the results obtained in CHAPTER I
                                           '(Table 2).

     The phenotypie correlation coefficients between four

characters eoncerned with lodging resistanee in mother
plants and two ratoon traits are given in Table 14. As the

table shows, of all the eight eombinations between mother

plant characters and ratoon traits, seven combinations
                            'exhibited signlficant correlatioBs in s6me cuttings,
However, it is most noteworthy that both the traits of

ratoon showed significant negative correlations with lodging

index extending from the eutting of the 20th to that of 40th

day after.heading.
                                           '
     Table 15 shows the phenotypic eorrelation eoefficients

among three characters concerned with lodging in mother

plant. As seen from this figure, correlation were
signifieant in all cases. Among those, the significant
positive eorrelations between internode weight and breaking

resistanee may deserve attention.

     Breaking resistance was largely affected by the leaf
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sheaths wrapping culm. In 'v:"ig. 20, the rates of eontribution

of leaf sheath to breaking resistance on 30th and 40th day

after heading are shown ' with four cultivars. The
contribution rates depended on the eultivars and the growth

stages and ranged from approximately 40 0/o to 15 9E, being

larger on 30th day than on 40th day after heading. The

analysis of variance for the contribution rates revealed

that there were significant differences among' the cu!tivars

and between the two growth stages. •

                        Discussion

                                                 '                                 '

     It is very interesting that there were high significant

eorre}ations between lodging index and two ratoon traits,

percentage of tillers and height, beeause these eorrelations

imply that the ratoon traits can be effectively used as the

indieators for the lodging resistanee of mother plant.

     The above two traits of ratoon were also closely
related to the amount of total available carbohydrate (TAC)

contained in stem base (SECTION 4 in CHAPTER II). This

suggests that lodging resistance is related also to the

amount of TAC in stem base. On the relationship between

 lodging resistance and TAC eontent, ESECHIE et aZ. (1977)

showed in sorghum that the eorrelation between TAC content

 and lodging degree was negative and significant, namely,

                                   '
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lodging resistanee inereased with the inerease of TAC

content. Similar resuits were reported also in eorn
(CAMPBELL 1964). However, ESECHIE et aZ. (1977) showed also

that Iodging degree was positively correlated with the

content• of Potassium (K), namely, !odging resisÅÄvanee
      'deereased with the increase of K content. From these

results, they inferred that TAC content was only an
indication of the healthiness and vigor of plant rather than

a faetor directly affeeting the lodging. The result in the

present experiment that ratoon traits, which reflected TAC

content of stem base, were related not to breaking
resistance of culm but to lodging resistanee, can be

explained by their inference.

     Breaking resistance, a compoRent of lodging index, was

markedly affected by the existence of leaf sheath, .being

much higher in the iBternode with leaf sheath than in that
                                  'without leaf sheath. The eontribution rate of leaf sheath to

breaking resistanee varied with eultivar and growth stage of
                                            'plant, ranging approximately from 15 % to 40 %o. Aecording to

MATSUO (1952), IRRI Ann. Rep. Åq1963, 1964), and T"IIYASAKA and

TAKAYA (1982), the contribution rate varied with cultivar,

ranging from 30 to 70 %, from 20 to 40 % and frorn 20 to

60 %, respectively. HITAKA (1968) reported in the growth

stage after heading that the eontribution rate at
yellow=ripe stage and maturing stage was 30 % and 15 %,
                    'respectively. Their findings that the contribution rate
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varied with cukivar and growth stage of plant agree with

the result of the :pres,en.t experiment. The present experiment

also showed that the contribution rate itself was not
affeeted by the intrinsic lodging resistance or eulm length

of cultivar.

                         Summary

    The relationship between ratoon traits and lodging
                                  'resistanee was investigated with 21 paddy cultivars.

     The plant was eut at 5 cm above the ground at five

different growth stages, i.e., the day of heading, and 10,

20, 30 and 40 days after heading. Two traits of ratoon

plant, height qnd pereentage of tillers, were measured on

the 40th day after cutting. Four mother-plant charaeters

assoeiated with lodging, breaking resistance of culm,
                       'internode weight, stem-base weight and lodging index, were

noted every 10 days starting from the day of heading. The

results obtained are as follows:
            '

         '
(1) Internode weight, stem-base weight and breaking
resistanee lncreased with the increase of days after heading

for the first 10 days following heading, then declined for
    'the succeeding 10 or 20 days and finally, on the 40th day

after heading, recovered or exceeded the initial level.
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Lodging index continued to increase for 30 days following

heading, then deelined.

(2)The change of pereentage of ratoon tillers with the

increase of days after. heading was similar to those of

internode weight, s'tem-base weight and breaking resistance

of mother plant. Ratoon height a!so showed a similar change

in the period after the 10th day from heading.

(3) Both ratoon traits, percentage of tiHers and height,

showed significant negative eorrelations with lodging index

extending from the cutting of the 20th to that of 40th day

after heading. This suggests that these two traits of ratoon

can be effectively used as the indicators for lodging

resistanee of mother plant. Both the traits exhibited
                                    'significant eorrelations also with each of breaking
resistance, stem-base weight and internode weight in one to

three cutting times. Regarding the correlations with
breaking resistance, for instance, they were all very low

and not signifieant exeepting a ease.

(4) The contribution rate of leaf sheath to breaking
resistanee depended on cultivar and growth stage, ranging

from approximately 40 % to 15 % in response to the two

factors. It was Iarger on the 30th day than on the 40th day

after heading.
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CHAPTER IV.

        EFFECT OF CUTTING HE!GHT ON RELATIONSHIP OF

         RATOON TRATTS TO THE PERCENTAGE OF RIPENED

                  GRAINS IN MOTHER PLANT

                       Ineroduction

     Pereentage of ripened grains is one of the final

determinants of grain yield and, henee, one of the
characters on whieh breeders have so far placed major

emphasis for selection. To date, however, no deviees for

effective selection of this charaeter have never appeared

due probably to the difficulties eoncerned with scoring and

the low heritability of this eharaeter. Thus it is now m

earnest expected to exploit an effeetive method for
estimating this character. It was shown in CHAPTER I that

two traits of ratoon could be used as the indicators of the

pereentage of ripehed grains in mother plant, when the

ratoon wasi'obtained from the plant cut soon after heading

time. However, there still remain a question to be solved in

that the values as indicators may be varied with cutting

height.

     According to some researchers, however, the traits of

ratoon themselves vary with the eutting height on mother

plant. For instance, PRASHER (1970b) reported that tiller

number increased with increased eutting height, but BAHAR
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and DE DATTA (1977) showed that eutting height did not

signifieantly affect this trait. On the other hand, BAHAR

and DE DATTA (1977) and MAHIUL HAQUE and COFFMAN (1980)

reported that grain yield increased with inereased eutting

height, but PRASHER (1970b) showed contrary results, and

besides ISHIKAWA (1964) and BALASUBRAt"INIAN et aL. (1970)

represented that cutting height did not affeet grain yield.

     These findings, though full of variety of result, seem

to suggest that for an effective use of a ratoon trait as

the indieator, the effeet of eutting height'  should be

checked for the value of the trait as the indicator.
According to the results so far obtained in the present

studies, the value of the trait as the indicator may most

effectively be determined by the degree of its relationship

to the percentage of ripened grains in mother p!ant.

     From this point of view, this chapter is aimed at
determining the effect of cutting height on the relationship

between ratoon traits and the pereentage of ripened grains

in mother p!ant. Elucidation of the variations of ratoon

traits with year is the additional purpose of this ehapter.

                   Materials and Methods

                                 '
     Experiment was conducted at Kagawa University in 1980.

Thirty rice eultivars (Oryza sati.va L.) listed in CHAPTER I

                 '



were used as materials. Thirty four-day-old seedlings were

transplanted with a single plant per hill spaced at 30 x 10

cm on June 6. The materials were grown in a randomized bloek

design with two replications, each of which consisted of 125

plants. A basal fertilizer was applied to the main crop at a

rate of 1.0 kg N/a; O.8 kg P20s /c! and 1.0 kg K20/a. No
       'fertilizer was applied to the ratoon crop.

     The 30 cultivars were cut on the 10th day after heading

at four different heights, i.e., at the ground level, and at

5, 10 and 20 em above the ground. The percentage of ratoon

tillers dhd ratoon height were noted on -the 40th day after

eutting. The former aRd the latter were determined by the

same methods as used in CHAPTER I and CHAPTER III,
respectively. Percentage of ripened grains in mother plant

was scored on the 40th day after heading.

                         Results

     The results of variance analysis for percentage of

ratoon tillers and ratoon height are given in Tabie 16.

There ,were observed signifieant variances due to cultivar,

cutting height, and eultivar x cutting height-interacUon.

These results indieate that these traits of the ratoon vary

with cultivar and with cutting height, and that vanations

of these traits with cutting height also differ with
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cultivars. Differences of the ratoon trait values among

cultivars were significant as the results of CHAPTER I

showed (Table 2).

     The averages of 30 cultivars in the percentage of
ratoon tillers and the ratoon height at four cutting heights

are shown in Fig. 21. Both the traits rapidly increased with

inereased cutting height. However, the iRerease of the

traits was not significant for the increase of cutting

height from 10 to 20 cm. In one-third of the 30 cultivars

used, most of the hills cut at the ground level did not

produce ratoons. Such missing hills significantly decreased

in frequency when cutting height was 5 cm above the ground,

and eame not to be observed at the height 10 em above the

ground.

     As revealed in CHAPTER I, both the traits, pereentage

of ratoon tillers and ratoon height, are closely related to

the percentage of ripened grains in mother p!ant when the

main crop was cut at the height of 5 cm. Therefore, the

above result may allow to assume that the relationship

between the two ratoon traits and the pereentage of ripened

grains in mother plant also varies with cutting height of

the main crop. In Table 17, the phenotypic correlation

eoefficients between the ratoon traits and the percentage of

ripened grains in mother plant are shown with the four

eutting heights. As seen from this table, the correlation

eoeffieients between pereentage of ratoon tillers and
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pereentage of ripened grains grew higher at higher cutting,

and became significant at 10 and 20 cm above the ground.

Ratoon height, on the other hand, showed no obvious
relationship to the pereentage of ripened grains at any

height of cutting.

     Heritability estimates in the broad sense are tabulated

for pereentage of ratoon tillers and ratoon height in Table

18. The estimates for percentage of ratoon tillers were high

and constant irrespective of cutting height, while those for

ratoon height widely differed with cutting height, ranging

from 51 to 91 9o.

Variation of ratooR-trait vaZue 2Dith year

     The variations from year to year of ratoon-trait values

observed in the present study are worth paying much
attention, because such variations are rather normal and

sometimes not little.

     The values of two ratoon traits observed in 1980 were

compared with those in 1977, based on the fact that the

experiments eondueted in these two years were the same or

common in many respects, sueh as the •field used for
                                            'experiment, the eultivars used as materials, the times of
                             'seeding and transplanting, and the method and criterion for

cutting, which was done at 5 cm above the ground on the 10th

day after heading.

     Temperature, solar radiation and rainfall at the
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Table l8. Broad
txalts

sense heiritabiUty (?-)
 at four cutting heights

oi two ratoon

Cutting height
      (cm)

Percentage of
  tÅ}llers Heiaht

   "

o
5

10
20

8S.4
78.7
88.7
84.5

90
51
51
82

.

.

.

.

7
3
9

7
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experimental field in the period from May to October in 1977

were nearly nonmal compared to the mean for the 10 years

from 1966 to 1975. In the period from July to August in

1980, temperature and solar radiation were 2 OC and 20-30 %e

less, respeetively, than those in normal year, and rainfall

was twiee as muc/n as normal amount. Therefore, the 1980 was

called a year of cool-weather damage. '
     In Table 19, the values of two ratoon traits are
eompared between 1977 and 1980. They were obtained at 40

days after eutting, with the ratoons whose mother plants

were cut at 5 cm above the ground on the 10th day after

heading. Percentage of ratoon tillers was 12.2 % less and

ratoon height vas 11.7 em iess in 1980 than in 1977, and

these differences were each signifieant. Figure 22
illustrates the between-year eorr'elations in the two ratoon

traits. As seen from this figure, there were observed

significant positive correlations in both the traits, and

the correlation coefficient vas larger in pereentage of

ratoon tillers than in ratoon height.

                         Discussion

     In the present experiment, which was conducted in 1980,

pereentage . of ratoon tillers exhibited significant
correlation with the percentage of ripened grains in mother



Tab1e 1).       .=Companson oL
between 1977

 ratoon-tra)c
and l98O.

values

Year Percentage of
  tUlers
    (O-O)

H e i' gh t

 (cm)

1977
1980

(A)
(B)

36.7
24.5

36
24

.

s
8

A-B 12.2*t 11.7Å}x

Å}*: Significant at 1 Z ievei.

'

103



ts
ts
m-

Fig

(%)

7o

60

50

ko

30

20

 10

 o

.

 "•

 e

  e
eee
Oe

  e
ee

Percentage
  ti31ers
r =O.7 7 6Å} ;L•

       e   e      e
  e ee
  ee   ee
     ee
  ee

e

of

    e
 e

.

e

 O IO 20 30 40
          1980

22. Correlation of

,"-f-: Significant at

(Cm)

  6o

  50

  40
rtN
--.30
-
  20

  IO

   o

   Height
  r = O. 3 7 2 "•

        eee
   e .at
     ee  e     e Se    ee  ee eeee e

       e
   ee
 IO 20 30 l{O
        l980

between 1977 and

e

 50 60 70 O

ratoon-trait values

 5 and l k level, respectively.

50 6o

1980.

104



plant when cutting was done at 10 and 20 cm above the

ground, but never at O and 5 cm, while ratoon showed no

correlation with the percentage of ripened grains at any

cutting heights (Table 17). In the experiment earrled out in

1977 ÅqCHAPTER I), however, both percentage of ratoon tillers

and ratoon height exhibited signifieant correlations with

the percentage of ripened grains in spite of 5 em in eutting

height ÅqTable 3År. Putting the results from these two

experiments together, it is suggested that pereentage of

ratoon tillers ean more steadily be used as the indicator of

the pereentage of ripened grains in mother plant than ratoon

height.

     Percentage of tillers and height of ratoon plant were

significantly iower in 1980 than in 1977 (Table 19). These

differences can primarily be attributed to the differences

in ternperature and solar radiation: Temperature and solar

radiation in the summer of 1980 were both anomalously lower

than usual. Such low temperature and low solar radiation in

1980 most probably gave rise to little accumulation of the

reserve substances in stem base, and much negative!y
iRfluenced the growth of ratoons, whieh was proved to be

dependent on the amount of the reserve substances in SECTION

4 in CHAPTER II (Table M).
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                         Summary

                '

    The effect of cutting height on the relationships
between two ratoon traits, percentage of tillers and height,

and the percentage of ripened grains in mother plant was

determined iR 1980 using 30 paddy cultivars. The var!ations

with year of the two ratoon traits were also investigated on

the basis of the data obtained in 1977 and 1980.

     tvlaterial plants were cut on the 10th day after heading

at four different heights, i.e., at ground leve!, and at 5,

10 and 20 cm above the ground. Percentage of ratoon tillers

and ratoon height, and the percentage of ripened grains in

mother plant were noted on the 40th day after eutting, and

on the 40th day after heading, respectively. The results

obtained are as follows:

(1) The ratoon traits rapidly increased vith increased

cutting height, though the increase of the traits was not

significant when cutting height increased from 10 to 20 cm.

(2) The correlation between pereentage of ratoon tiilers and

the percentage of ripened grains in mother plant grew higher

at higher cutting, and became significant at 10 and 20 cm

above the ground, while ratoon height showed no obvious

relationship to the percentage of ripened grains at any

height of cutting. Thus, it was concluded that the
percentage of ratoon tillers at the cutting heights of 10



and 20 cm eould be effectively used as an indieator of the

percentage of ripened grains in mother plant.

(3) Percentage of tillers and height of ratoon plant
differed from year to year. There were observed significant

correlations between 1977 and 1980 in both the traits.

Correlation coeffieient was larger in pereentage of ratoon

tillers than' in ratoon height.
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                       CONCLUSIONS

     Based on the idea that the traits of ratoon ean
                                                      'possibly be used as the effective indieators for estimating

some agronomie characters of mother piaBt, and in
consequenee may significantly contribute to the selection of

plants in breeding program, three ratoon traits, percentage

of tillers Åqpereentage of ti}}er number of ratoon plant to

that of mother plant), height (length from the ground level

or cutting point to the top of ratoon plant) and weight (dry

matter weight of ratoon plant), of many cultivars of rice

were examined for their genetic variations, their
         '
relationships to the eharacters of mother plant, and the

effects of external and internal environments of ratoon

plant and ratooning on the relationships. The studies have

yielded some interesting results as follows:

1. Estimation of the agronomic eharacters of mother plaRt

   by means of ratoon traits.

     The three traits of ratoon, percentage of tillers,

height and weight, all widely varied with the cultivars

used, indicating that they were significantly eontrolled by

the genotypes of respective cultivars ÅqTables 2, 9, 13 and

16).
                                           '
                             't     The heritability estimates of these traits were high
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enough to•exceed their changes by the time and height of

cutting: The estimates in percentage of tillers were much as

high as those of culm length and panicle length of mother

plant, being the highest among the three traits, followed by

those of height and weight in turn (Tables 5 and 18).

     AII the three ratoon traits examined showed high
significant eorrelations with eaeh of the five stem-base

eharacters, standing for the amount of reserve substanees in

stem base, of mother plant when the ratoon was grown under

dark condition after cutting (Table 11).

     Two of the three traits, percentage of tillers and

height, showed highly significant correlations with the

pereentage of ripened grains in mother piant when cutting

was done at 10 days after heading (Tabie 3), and also showed

highly significant correlations with the lodging resistance

of mother plant when cutting was done after the 20th day

from heading (Table 14).
                                          '
     From the results mentioned above, it was conc!uded that

the reserve substances in stem base Df mother plant could be

determSned by al! the three traits of the ratoon which was

grown under dark condition after cutting, the percentage of

ripened grains in mother plant eould be estimated through

percentage of tillers and height of the ratoon which grew

out of the stubble-cut at 10 days after heading, and the

lodging resistanee of mother plant eould be evaluated by the

two traits of the ratoon raised from the stubble cut after
                                                       '
                                               '



20th day from heading.

2. Main faetors affecting ratoon traits.

     tNJuinber of clctys after cuttirtg: The values of three

traits of ratoon inereased as the days after cuttmg
inereased, and the time required for attaining to the final

eonstant value proved to be shortest in percentage of
tillers, second in height and longest in weight, indicating

that pereentage of tillers was best to early determine the

final trait value (Figs. 2, 3, 4, 12, 13 and 14År. .

     Reserve substances in stem base: The ratoon growth

during the first 10 days after cutting depended exelusively

on the reserve substances in stem base, then it gradually

eame to be dependent on the photosynthetic produets yielded

by the ratoon plant itself (Fig. 6). Among the three traits,

percentage of tillers was the only trait that was determined

by the reserve substances alone (Figs. 2, 3, 4, 6 and 14).

     Ternperature: The temperature after cutting had not a

 little influenee on the growth of ratoon (Figs. 2, 3 and 4),
            'suggesting that a rigid comparison of ratoon traits should

 be made between the lines whose heading dates are not so

mueh different from each other, because a great difference

 of heading time is associated with a significant differenee

 of temperature. .
     Cutting height: The eutting height of mother plant

llO



eonsiderably infiuenced on the growth of ratoon (Fig. 21).

Lower cutting height decreased the relationships of
percentage of ratoon tUlers to the percentage of ripened
                                          'grains in mother plant (Table 17).

     Putting the results obtained in the present studies

together, two traits of ratoon, percentage of tillers and

height, ean effectively be used for the estimation of two

agronomie eharacters of mother plant, percentage of ripened

grains and lodging resistanee. When the two traits of ratoon

are compared with each other, however, percentage of tillers

evidently exceeds height, so far as judged from the degrees

of correlations with the above two agronomic charaeters of

mother plant (Tables 3 and 17), the time required for
determining the final trait value (Figs. 3, 4, 12, 13 and

14), and the ability for repetition (Fig. 22). Either way,

in ease of the use of these ratoon traits as the indicators

of mother plant eharaeters, attention should always be paid

to the time and height of eutting so that the estimation may

be more effective.
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