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SEROLOGICAL STUDIES ON GENOTYPIC
RELATIONSHIP AMONG RICE VARIETIES(1)

by

Sung-ching Hsieh(2)

Introduction

The genetic variability in a segregating population may suggest the degree of genetic
diversity between the parents. An efficient method for asaying the genetic relationship
among genotypes would be valuable for predicting the best cross combinations.

Modern genetics revealed that DNA controls protein synthesis through a series of
reactions involving m~RNA and ribosome. Therefore the diversity of proteins responsible
for this biosynthesis in different genotypes might provide an index for genetic diversity.

The serological technique was first used by Koworaki (1901) for identification of
proteins in plants. He showed that the sera from rabbit with heat resistant wheat albumose
reacted strongly with wheat albumose but weakly reacted or not reacted with the
albumoses of rye, barley, oats and peas. Nelson and Birkeland (1929) were the first who
serologically measured genetic relationships between varieties of a species wheat. Urano
(1951) found that two lines of maize from the same S10 plant gave stronger serological
reaction thanlines from the same S3 or S5 plant. Kleese and Frey (1964) studied different
serological methods to determine which would best predict the genetic relationships
among seven oat varieties and among four corn inbreds, They found that the serological
data was correlated with genetic relationships estimated from within~cross variance
components of oat lines and with the relative vigor of the single crosses between corn
inbreds.

Kato and Maruyama (1928) used the precipitation technique and observed differentiation
among Japanese, Chinese, Korean and Taiwanese rice varieties. Miu and Yao (1941) could
also distinquish rice varieties by the serological relationship. The present study was
undertaken to look into the genetic relationships between rice varieties belonging to

different varietal groups by the precipitation reaction and immuno~diffusion technique.
materials and Methods

Two rice varieties(Or yza sative L.) from Taiwan, i., Taichung (m) 1 (indica

type) and Taichung 65 (japonica type), and one Japanese variety Nakamura, were used

1) This work was supported by the National Council on Science Development, The Republic of
China. “

2) Senior Agronomist, Taiwan Agricultural Research Institute.



to immunize rabbits and to produce antisera. In addtion, more than 30 varieties from
various sources listed in Table 1- were used for estimation of serological reactions. Each

weighed about 2 Kg, were used as the immunization animal.

Table 1. List of rice strains used for serological test.

Grain Phenol
Variety No. Variety name L ] Type Source
‘F size reaction
101 Taichung (n) 1 ‘ - S + indica Taiwan
102 Taichung (sen)2 S + 7z i
104 Pai-mi-fen S + 7 2
1058 | Pei-ku S + 7 7
120 . Taichung 65 S - Japonica 7
125 Taichung 171 s - P P
127 Chicnung 242 : S — 2 4
129 ‘ Pai-kan-tao : S — 7 %
130 ‘ Tamanishiki | S — 7 7z
151 ; Century 231 L - long grain USA
152 ‘ P.I. 245717 L - 2 7
153 | Fortuna L - 2 v
154 Bluebonnet 50 L - 2 7
185 Toro L — 2 2
156 Starbonnet L - 2 P .
158 Belle Patna L - % Z
159 Bleubelle L - 4 2
162 H 4 M + medium grain 2
163 Zenith M - 7 7
164 Nova 66 M - 2 -
165 Nato M - 4 4
166 Saturn M — 7 4
167 C.I. 9593 M - s //
168 Eary Prolific M - 7 7z
169 C.I. 9628 M - 2 2
%70 Lacrose S — short grain 7

171 C.I. 9442x57 F1 6067 S - 7 7
172 Colusa (La.) S - v 2
173 ‘ Colusa (Calf.) S - 2 2
174 l Rexaro L | - long grain 4




175 Gulfrose -

M — medium grain z
177 C.I. 8670 M + 2 =
J301 Yoshino 1 S — Japonica Japan
J302 Nakamura S - » T
J303 Aikawa S - i 2 Ve
J306 Shinriki (3055) S - 2 2
J307 Shinrik (3052) S - 4 Z
J310 Lun-sen-tao S — % Vi
4901 HT 19 + indica India -
8263 Padi ladangase peolo komok | + 7 Indonesia

5g of the brown rice grains were ground with a STUR-DEE MITEY-MILL as fine
as pssible. The rice powder was pre—esxtracted twice at 4°C, with ether to remove
lipids. The defatted rice powder was air dried at 4°C Then 50 ml. of 0.85% sodium
chloride was added and mixed well for 10 hours at 4°C. The extract was centrifuged in a
reqrigerated condition at 1.700 rpm for 30 minutes. Clear supernatant was taken. filtered

through cheese cloth to remove floating segments and stored at 4°C. This was ready for
injection.

Prior to injection, 10ml. of blood was drawn from the heart of each rabbit as the
control. Intravenous injection through the ear vein with 1 ml of the antigen was admin—
istrated initially. The quantity of antigen injected was increased to 1.5 ml. for the second
injectionone week later. From the 3rd to 7th injections, the quantity of antigen was
increased to 2 ml at a three~day interval. Three ml. to each rabbit was given at the last
injection and 155 ml. in total.

The immunization period was one month. Longer period of immunizatjon was
avoided, because there was the possibility of losing antibody specificity. One month after
the last injection. 50 ml. of blood was taken from each rabbit by cadilac puncture. The
rabits were fasted 13 hours previous to bleeding to reduce serum lipid content in order not
to make the serum turbid.

The sample of blood was placed in clean test tubes: allowed to coagulate, and was
then incubated for four hours at 33°C to allow the clots and serum to separate. Then
the separeted serum was poured into plastic tubes (10 mL) and was centrifuged at 3,000 rpm
for five minutes. After the removal of the free cells, it was frozen and stored at 0°C.
About 20 ml. of serum was yielded from 40 ml. of flesh blood.

Precipitation reaction

The entire range of antigen—antiserum reaction from antigen excess to antibody excess
was assayed by series of doubling antigen dilutions (ie. 1, %, %. etc.) and constant amount
of antiserum. The quantities of antiserum and antigen solutions used for each t2st wera
0.05 and 0.25 ml. respectively. The precipitin reaction was measured by the’ apparent
turbidity of the antigen-antibody system. The magnitude of reacton was recorded accor—



ding to four levels- i.e., completely precipitated (+ + +), inciomplete (+ +), no precipita—
tion but apparent turbidity of the solution (+) and no reaction (—).

Most tubse in whih reaction occured reached the maxmum turbidity within one to

two hours The reading of reactions was performed at room temperatures. The diluent
for assaying rabbit antisera was 0.85% sodium chloride solution.

Double Diffusion Gel Tachnique

The gel diffusion technique described by Ouchterlony (1948; 1949) was employed to
study qualitatively antigen differences among rice varieties. Agar medium was prepared by
dissolving Oxoid lonagar No.2 (Consolidated I.ahoratories- inc., Chicago Heights, Illinois,)
at a concentration of 0.8% in 0.1 M phosphate buffered physiological saline with 1.0%
sodium aside added as a preservative. Five ml. of agar (a 2.5 mm layer) was poured into

petri dishes five cm in diameter. After the agar was set, a center well and six surounding
wells were cut using a special mold.

Undiluted antisera were placed in the center well and antigens of varieties to be
tested were placed in the six surounding wells. The plates were placed at room tempera—
tures in a moisture saturated at mosphore for 48 to 72 hours. Observations on the pattern

of precipitated bands were made 48 hours after antigen—antibody reaction. The typical
patterns were photographed.

Experimental Results

1. Identifion of genetic differences between rice varieties by precipitation reaction.

It is known that when certain antigen (protein) is injected intravenously into an
animal, it will stimulate to produce antibodies specific to that protein. When this specific
antibody is titred with another antigen, if it is identical in protein specificity, a precipitation
reaction will occur. The precipitation reaction expressed by turbidity then can be a qua—
litative or quantitative measure of genetic relationship.

In the present study, turbidity Was measured qualitativery. In the mixture of antigen—
antibody solution, if precipitation occurs within a short time even in dilute solution, there
is a close relationship between the two varieties. If the precipitation reaction is incom-—
plete, it indicates that the two varieties are distantly related. If there were no relationship
between two varieties in terms of protein specificity, no reaction would occur. According
to this principle, the antiserum of Taichung (n) 1, (indica type) was titred with the
antigens of other varieties. The results are given in Tabel 2

Tgble 2. Degree of precipitation reaction from Taichung (n) 1 antiserum
against antigens of other varieties

As shown in Table 2, the homologus reaction of Taichung (n) 1 began to express
itself 15 minutts after mixing antigen and antibody. 30 minutes later, it began to precip-
itate gradually increasing its magnitude and completed precipitation in 60 minutes.
Taichung (sen) 2 and Pai-mi-fen showed a positive reaction showing that these two
varieties were serologically identical with Taichung (n) 1.

Ponlai varieties, Taichung 65 Taichung 171, Chianung 242 and Pai-kan—~tao as well as
Japanese varieties, Tamanishiki, Nakamura and Shinriki, showed no reaction to the
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*minutes after the antigen and antibody solution were mixed

antiserum of Taiching (n) 1. This shows that these varieties are not related serologically
with Taichung (n) 1. US long grain varieties P.I. 245717, Fortuna, Bluebonnet 50, Toro

and Rexaro showed a positive reaction to the antiserum of Taichung (n) 1, but the

magnititude of reaction differed among them. Fortuna, Bluebonnet 50 and Toro began to

react in 60 minutes and in 120 minutes with Rexaro, after the two solutions were mixed.

This shows that these varieties are rather distantly related with Taichung (n) 1, probably

because of a small number of reacting sites in protein structure. Medium grain varieties

H4 and C.I 9593, short grain varieties colusa and C.I. 9442 x57 F1 6067 were not found to



e related to Taichung (n) 1, as they showed negative reaction. The indica varieties
from India and Indonesia, NT19, padi ladangase poeloe komok showed a positive reaction
to the antiserum of Taichung (n) 1.

Table 3. Degree of precipitation reaction from Nakamura antiserum against
antigens of other varieties.

0.125

Antigens 1.0 0.8 | 0.5 [

Dilution 15;30[60]120‘15‘30!60‘120115'30‘60'}120115‘30i60j120 of
Tgichung(n) 1 e - =l = = - = ,: — _! — _t — _ —
Taichung (sen) 2| —| —| = - =] = - - = = = JE N R _l -
Chianung 242 N T EEN RNANE N N AN EUEE [ ) SN U (S A (AN -
Century 231 - = - — - - = -~ - - = — - = I
Eary prolific i - ~ = = — = = = JN R N _ _
Lacrose e - = = = - =t = = — = = = —
P.I. 245717 —L - - e e — =] - = — = = = -1 —
Bluebonnet 50 - =] - - - = = — = —] = _ - _f _ | _
Bluebelle e — = -] = — =] ~| = O - S
H 4 e L e Nt o S IR SO N B S ) [ ROV IS ) R
Nova 66 - - + +| - - 4+ =] = + + —i -+ +| -
Nato -+ A+ ] - - o= = A = A ] | =
C.L 9442x57F16067 —| —| +| ++| —| —| —| 4 = - -+ _1 - _
Colusa - - + R I e I o e Mt T o B 0 B B B -
Rexaro - = = — =] =] = - - = = — 4 I | _
Gulfrese +i o+ R + o+ ]+ + o= =] + +r= = »‘ + =

*minutes after the antigen and antibody solution were mixed
Table 4. Degree of precipitation reatcion from Taichung 65 antiserm against
antigens of other varieties.

Antigens 1.0 08 0.25 | 0.125 |

Dilution 15!30[60’120 15‘30’60’120‘15]30}60]120;15\30360;1203CK
Yoshino 1 R N R N HIE S EER N EaE ERE +l++++1+++} S B
P.I. 245717 - = - — = = = - = = = - =] = = W} _
Bluebonnet 50 e - - - = — = = = — = - = - —
Toro e e !t
Starbonnet e — = = = — =] = = | -] - - __% _
Belle patna - = - - = - = - - =] = —~ = =] = ,,1 —
Bluebelle - = = - = —- = — = = = U N B _ _
H 4 —-| - e T T e B e B B B e e
Nova 66 - - —-— - + + - = — = = = — =

“*minutse after the

antigen and antibody

solution were mixed
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The reactions of antiserum from Nakamura (japom'ca) with the antigens of... other
varieties are given in Table 3. As shown in table, a majority of varieties Wthh showed
positive reactions in Table 2 were negative while those showmg negative reqetlons in
Table 2 were positive with the exception of Gulfrose and H4 which showed a posmve

reaction to both of the antisera.

In Table 4, the reactions of antiserum from Talchung 65, a typical Ponlau (]apoﬁzcai'
type) varlety of Taiwan, against other varieties are shown. As shown in Table 4 al'
positive reaction was seen when the antigen of Yoshino 1 was titred against the antise~
rum of Taichung 65. The reactions of Blue belle, H4 and Nova 66 were consistent with
those of Nakamura given in Table 3, but Toro differed showing a positive reaction with’
both the indica (Taichung (n) 1 and japonica (Taichung 65) types of antisera. This
reason remained unelucidated. They probably belong to an intermediate type between the
indica and japonica types, possessing reacting sites of both groups.

As shown in Tables 2, 3, and 4, both the positive and negative reactions to the indica
and japonica type antisera were found in US long (Toro) medium (H4, Gulfrose), ’grain '
groups. Probably, we can not determine the US long grain varieties to be indica types

and the US medium and short grain varieties to be japonica types. because no clear ser

ongical relationship was found among the long, medium or short grain variety groups.v‘
2. Identification of genetic relationships ameng rice varieties by gel-diffusion method’ .

Antibodies formed by the stimulates of a given antigen usually do not react with other -
antigens unless those are closely reacted. This also true often reaction of one antigen with
antibodies. By gatigen analysis the serological approach of ten permits more sensitive and
specific identification of unknown substances than other biological or chemical methods.

In the present study, the constant antibodies in the center well and different antigens
in the surrounding wells were placed on a gel plate. The precipitates which appear as-
bands in the region between the two sources of diffusion were recorded. The pattérn of
precipitates changed as the time of reaction prolonged. ’

Figures 1-3 show precipitates by the gel-diffusion technique of antisera \TaichungUGS'»‘

(japonica type) and Taichung (n) 1 (¢ndica type) against the antigens. of other ivarﬂi_et:i‘e
As shown in Fig. 1, one precipitated band appeared when the anti-serum of Talchung
65 cross-reacted with the antigens of Taiehung 65, Shinriki, Saturn and C.I. 9593. Thxs
indicated that these varieties are closely related with Taichung €5 serologically. Sinc;:::
Taichung 65 belongs to the japonica type, those of cross-reacted ones could be identified
to belong to the same group. It is noted further that the precipitated band produced
between antiserum Taichung 65 and antigen Saturn, and that produced between antiserﬁm
Taichung 65 and C.I. 9593 were connected each other end to end shoWing that proteins
of these two varieties are identical. In contrast, no precipitated band occured-between the
antiserum of Taichung 65 (japonica) and the antigens of Taichung (n) 1 (ihdica) and
Taichung (sen) 2 (jndica), showing that there is no serological relationship between the
japonica and indica groups. These results are consistent with the results shown in Table
4. It is inferred that unknown rice varieties may be classified into groups preferably

indica and japonjca sub-groups conveniently by serological analysis.



Fig. 1: Precipitetion
bands from gel-diffusion method
with Taichung 65 antiserum against

antigens from other rice cultviarss.

101 Taichung (n) 1 (indica type)
102 Taichung (sen)2

120 Taichung 65 (japonica type)
123 Taichung 171

166 Saturn US medium grain

167 C.I. 9593

J306 Shinriki japonica type
(Photographed at 48 hours)

Fig. 2: Precipitation bands from gel-diffut
ion method with Taichung 65 ant
iserum against antigens from Japanese

rice cultivars.

120 Taichung 65

J301 Yoshino 1

J302 Nakamura

J303 Aikawa

J306 Shinriki 3055

J307 Shinriki 3052

J310 Lun-sen—tao
(photographed at 96 hours)

Fig. 3: Precipitation bands from gel-diffu
sion method with Taichung (n) 1
antiserum against antigens from 6

American rice cultivars.

101 Taichung native 1 indica type
154 Bluebonnet (50 US long grain)

156 Starbonnet ( ” b
158 Bella Patna ( ” B)
159 Bluebelle (@ ” M
162 H 4 US medium grain

163 Zenith @ v b}

(Photographed at 48 htours)

Fig. 2 shows cross reactions within the japonjca group, using antiserum Taichung 65
titred with proteins of Yoshino 1 (J301), Nakamura (J302), Aikawa (J303) Shinriki
(J307) and Lun-sen—~tao (J310). All varieties showed an identical reaction with Taichung



65. It is further noticed that one additional minor band appeared in addition to the
identical major bands between the antiserum of Taichung 65 and the antigens (proteins)
of Yoshino 1. Nakamura, Lun-sen-tao and Shinriki showingt that there is a close
relationship between these varieties.

In order to know the genetic relationship of US varieties, they were cross-reacted
with the antisera of Taichung (n) 1 and Taichung 65. Fig. 3 shows an example. As
shown in the figures, four US long grain (154, 156, 15 8,159) and two medium grain (164,
163) varieties cross-reacted with the indica type antiserum of Taichung (n) 1 indicating
that they were serogically in the same group.

According to the above mentioned criteria, the genetic relationships among rice
vaTieties obtained by serological tests are summarized in Table 5.

Table 5. Grouping of rice cultivars based on patterns of precipitated bands
when antisera of Taichung (n) 1 and Taichung 65 were used with

gel-diffusion method.

Class | Cultivars

l
Precipitated bands with Taichung(n) ll Taichung (n) 1 C. 1. 9628
anti-serum only i Taichung (sen) 2 Laorose

| Pai-mi-fen

i Bluebonnet 50

| Starbonnet H 4
! Belle Patna Zenith
| Bluebelle Nato
Early Prolific Rearo
Nova 66
Precipitated bands with Taichugn 65 | Pai-kan-tao Aikawa
antiserum only I C.I. 9893 Shinriki (3055)
| C. 1. 9442x587 F1 6067 Shinriki (3052)
| Yoshinol Lun-sen-tao
| Nakamura
Precipitated bands with antisera ' Saturn
from both Taichung (n)l and
Taichung 65 ;

As shown in Table 5, the antigens (varieties) which reacted with the antibody of
Taichung (n) 1, in most cases do not react with the antibody of Taicnung 65; the same
is true. in the case of antibody Taichung 65. As stated before, varieties of a group can be
further classified into identical, partly identical and different groups accorrding to their
protein similarity. This classification is given in Table 6. As the data in Table 6 show,
four closely related sub—groups within the indica group and these sub-groups within the

japonica groups were distinguished.

Table 6. Subgroups of rice cultivars within indica and japonica types

based on precipitin reactions with gel-diffusion procedure.




10

Type | ! Subgroups of cultivars ; Cultivars that fit no subgroup
indica 1. Taichung (n)l | Starbonnet
| ~ Taichung (sen) 2 | Belle Patna
| Pai-mi-fen | Toro
|
| 2. Bluebonnet 50 | Laorose
| H 4 i Gulfrose
i Zenith : C. I. 8670
3. Nova 66 ‘
| Nato |
| Early Prolific i
} C. 1. 9628 i
|
japonica | 1. Yoshino 1 f Taichung 171
i Nakamura . Pai-kan-tao
Aikawa

Shinriki (3055)
Shinriki (3052)
Lun-sen-tao

2. Saturn
C. 1. 9593.

DISCUSSION

Serology has been employed as a technique in plant systematics for Magnoliaceae
(Johnson, 1954), Cucurbitaceae (Baum, 1954), Solanaceae (Hammond, 1955) and forage
grasses (Fairbrothers and Johnson, 1959). Gell et al (1959)used immunoelectrophoresis in
their taxonomic study of Solanum. Relationships among species suggested by serological
techniques generally have been similar to those postulated from morrphological and
cytological data. Hall (1959),using electrophoresis, found wheat and rye had some proteins -
in common and some different. A rye-wheat hybrid had all the wheat proteins and all
but one of the rye proteins. Kato and Murayama (1928) used the precipitin technique to
differentiate indica and japonica rice cultivars,

Herein, we were able to separate rice cultivars not only into indica and japonica
types, but also we could place many cultivars into subgroups within each type on the
basis of the gel-diffusion data. Now, the occurrence of the precipitin reaction is due to
some type of compatibility or comparability between antigen and aritibody. Our data
suggest that a major portion of the antigens extracted from the rice grain by physiolog-
ical saline solution were related to the differentiation of the japonica vs. indica traits
since japonica incited antiserum :(e.g., to Taichung 65) gave no apparent precipitation
when titred with indica anti gens (e.g.r om Taichung (n) 1). we do not know, of course,
whether the extracted antigens were proteins of direct genetic mediation (i.e., DNA
RNA protein) or whether they may have been secondary or even storage proteins.

Indica and japonica types of rice both belong to the species Oryza sativa, but
Jodon (1955) postulates that they have been grown in different environments so long that
much accumulated genetic divergance probably has occurred between them. The indica
type has evolved in the tropical area, i.e., India, Indonesia, The Philippines, South China,

whereas the japonica type probably evolved in a more northern sub-tropical area, i. e.,
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Japan, Korea, and North China. Trait differences between the two rice types are quite
numerous, For example japonica rice cultivars are short grained, photoperiod sensitive,
short and they tiller freely and respond well to heavy fertilization, whereas indica rice
cultivars are medium to long grained and tolerate adverse environmental conditions
(Leonard and Martin, 1963). Kuang and Tu(1949) found a mean fertility of F1's between
indica and japonica cultivars of 9.3%, wheres crosses within types had a mean fertility
of 77.4%. Even though indica x japonica crosses are largely sterile, some fertile progenies
can be selected from most crosses (Jones,1930). Many of the current American cultivars
were derived from just such crosses. Our serological evidence suggested that some of these
cultivars had both indica and japonica antigens. The degrees of reaction between
antigens from these intermediate cultivars and antigens against indica or japonica cul-
tivars were dependent very much on the specific genotype tested.

It appears that the serological method could be useful to classify rice cultivars into
japonica and indica types. And with the gel-diffusion technique even identical and non-
identical reaction bands can be differentiated. The future importance of such a classific
ation system probably is not predictable. Very likely, not all genetic differences between
indica and japonica types are differentiated, so even. distinguishing ‘of apparently iden
tical and non-identical cultivars via gel-diffusion may not necessarily tell whether crosses
involving one japonica and one indica and two “identical” indica cultivars will provide
comparable F; offspring arrays. Certainly, future serological research with plant antigens
should concentrare on isogenic lines to determine whether minute and all genetic differ
ences can be detected immunologically. The method in its present state of development

may be useful in cultivar identification.
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Summary

Three rice cultivars, Taichung (n) 1 (indica type) and Taichung 65 and Nakamura
(japonica types) , were used to immunize rabbits to obtain antisera. Another 37 rice
cultivars from various countries were used as antigen sources for studies of antigen—
antibody reactions between the two groups of cultivars.

When the antisera incited by immunization with seed protein of japonica type cul-
tivars were titred with antigens from known japonica type cultivars, a positive precip
itation reaction occured, but no reaction was obtained with antigens from indica type

cultivars. In a few cases antigens from a cultivar reacted with both indica and japonica
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type antisera. The antigens from these intermediate types may have had reating sites for
both types of antisera or the antigen complex may have contained two antigen types, one
for indica and one for japonica. These intermediate cultivars that appeared to have both
indica and japonica antigens may have been selected from japonica x indica crosses.

The gel-diffusion technique showed rice cultivars within indica or within japonica
could be grouped into subgroups on the basis of the pattern of their precipitated bands.
There was no relationship among American rice cultivar for grain length, ie. long,
medium or short japonica and indica type.

The serological method would be useful for assigning rice cultivars to japonica or
indica types and perhaps to subgroups within these types. Whether it would be useful to
rice breeders to pre dictdesirable crosses must await additional study,

IR s T B 276 o A 204
MBI

#H oo\ =

FAZh7EsR— ik CEIEEEL) REp6SHsh i (HAZD BEEARERERIR (antigen)
» B ZHIRAY » DIBLERT T (antisera) o VKRR SENBRERABIERIE
» EEFTHUR — PR S E AR RIR R R S A SR A o

FEES B ARSI R EENPULE RO ARBREAENERS » ABAETGRE
(Precipitation reaction) » {HELFIEERASHFR S AR EAE - HHUFURRERIN S H AR RES
FUGTRB ARG o LEEHUE T AE R A B AR B R FIBE A AR B SR R AL (reacting
sites) o HLAErPREMERE AT AR H H AT R IR JEBE AN

RgEX i (gel-diffusion) Bl e R RA T RURBCR RIBUE R TREFI I A= T R # (preci -
ptated band) ZHXIH H A B AR REHSBR/NE (sub-group), o RIFJEHERRURSE
B2 R~ ~ RABRIZ WS H AR ~ BB MR S BAARTFE o ARHTFERR A s SORE ik v DL
FRIARE R FEEL » (EEREL A B2 SR SR E— P o
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FEART 2 2 32 B SEAS BT 5E

% h % (Gibberellic ocicD HELEEK %%
2 RZBE

i3 #HOE %m'

far

k4
-8 &

SEEAREEGETRERPERSERIURE L BY o BiBREM S RENKE Z MRS
) o PR ER S ? ISR ERE RS 7T AR IR E R RIE ¥ B ? HHA T
R ARR ? 2 E R R REREBERTRM 2 e E R EREEER EE LR SE
o :

Phinney & (19560 Mz (Gibberellic acid) j¥ 53 88 IR 25 PR e A9 B R KT B Zh 3t
REHEEFER o REBERRMEREERT NS REERLH S RYE 23— LR R
HE ST AR o

YIRS RIET R O B R B R TS R R R B R AR » DI R S AR
TR I » 53R EEEMR 2 BNRE RAETRERIEZ IR o

~~HMHEFGE

PR ARZIRE5ERE 8 BE o WiMESTHE » BLrhO5HE o 31559 K 54 B 2425555 & SRR 15 R A
JERF2ME REBAEL » HEEAF 31-124cm 2R » KIFHRMEATE » RS TIH—5K o

B2 B L8 » SRRk R

Table 1. List of materials used for the experiment.

Strain No. Name and source of variety i Plant height (cm)
|
P123 Taichung 65 104
P126 Taichung 155 110
P140 Chianung 242 ‘ 124
P142 Chianan 8 120
P151 Kaohsiung 27 110
H105 Selected form D-65-3XD-65-1 31
H106 D42,selected from Paikantao X C-2180 31
D-8-7 Dwarf mutant from Chianan 8 60
D-8-9 Dwarf mutant from Chianan 8 48

(AHICR RE S HEEREZ EEREPFE (66-A11-A-1737(a)~]) Z—isr o AWFIEZ T IARIAR BIEHE
iz )7 TR DISERR » R
Q) E R AR R ERBE -
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D-8-21 “ Dwarf mutant from Chianan 8 67
D-65-1 ‘ Dwarf mutant from Taichung 65 61
D-65-2 Dwarf mutant from Taichung 63 1 55
D-65-3 Dwarf mutant from Taichung 63 | 30
D-65-6 Dwarf mutant from Taichung 65 81
D -27-22 Dwarf mutant from Kaohsiung 27 54
D-27-27 Dwarf mutant from Kaohsiung 27 67
D-155-5 Dwarf mutant from Taichung 153 68 -
D-155-114 Dwarf mutant from Taichung 155 50
D-242-23 Dwarf mutant from Chianung 242 50
D-242-63 Dwarf mutant from Chianung 242 70

WRETRER 500ppm B2 Gibberellic Acid (GA)Z/KEW T B FERMP (32°C) » 48
IR BRI AN » WEEHIOFETY c RERERIRAEWREIIE GA HEmERRE
HR 2 o B 250 TS BENILAN » AREREHEE R GA » EHEFIREEEERS
B s BIWHARBHE o GA EE X EDIERIE RS -

1.0« FFRRE H B 2 500ppm GA KEREMNSEGRBEL » S23BE81-

2.4k - BYR GA ZEHEMIN ZIRZNIE » BIEZE—Z4E L2 GA REROBAHAMS 5

Lo THRITESTERE GA YEWCTESTA AR » IETELSEER (B —RO D » 15 3l (55—
RAGEHD » RITHE RS LD = T o

=~ABEER
(—) GA BFRBHRBRYEEEZHE

RUIBR GA R RS R R MR R » R 5 H B AE A MR » HREERNE =
% o

B GA EEHRBYEREZBE

Table 2. Effect of GA treatment on the seedling height (cm) of dwarf rice.
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' 35
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Clg 0.5 1.0 - 7‘2
- : 33 o4 6.9 9.
' 5.4
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GA 0.5 ' .
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CK o‘g 01 ‘ :
GA 0. - )
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' 2
oA 82 13 | :
) | |
. . | s %? 20.2
0.7 2.4 78 s
o : - 18.2 229
) cx O. 11 16.8 .
Taichung 1 ) - - :
oA :1l.'2 42 - lg.g "
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BB RN GA BhRZ NBRRAMARTARE » —iE » REERZMFIFLS o GA
BRAR ST 2 I F R B AP EIE A » FEE25 2 s B rpeoB B b 15555 » Bk
RHIEHRAER > £ GA WEEEEREARZHAR o — BB EREER » BALBEREER PR
A D-8-21, D-155-5 & D-242-63 PURit » GRGRMRZ 30 %) ZkEAREENIEMm » Hehpl
D-242-63 {RiE#CRER (B4) » 2R GA HEBRETIRESER - ThESERIREERZ
EEYWEZ SRR ETRRBIZK -

(2 GA ZERBHBERSZLE

—iME GA Mk 28 » L HBRERPIAK - RURRHEEEEAREE 7N GA
KgReBIREy D-8-21, D-65-3, D-155-5 J D-242-53 PUMERMIERIRE H & AR » B4
R o WaHi GA EERZ HkERBRBERNE 1 ~2RE=K o

2R BRBRRERERAHIEHY GA RIHBERZE L
Table 3. Change in plant height (cm) of dwarf mutant after the GA spray

at a 5-day interval.

No. of treatment } 1 j 2 % 3 g 4 ’ 5 ’ 6 l 718910 llg 12 hPlﬁntf
\\ Days after seeding | | ; gggm:a?
Strair;;\ 30 (35|40 |45 | 50 | 85 } 60 {67 |72 78| 88| 101 parent
i CK . 23.6/24.4 29.0[ 29.23 29.4| 35.0143.7, 48.0 57.0 63.9 64.0, 66.0
D-8-21 GA 28.2) 28.8/35.8 35.8{ 38.6| 42.3/ 85.6| 66.0| 74.0| 76.0} 79.0,  79.0 120.0
Difference 46| 4.4( 6.8 6.6& 9.2 7.3(11.9/18.0{17.0{13.0{18.0, 13.0
L |
CK 19.0| 24.2} 27.0 27.71 29.6]32.9{ 39.2| 45.0| 50.0, 54.0/ 54.0;  70.0
D-65-3 GA 26.0| 28.2] 33.6| 36.7| 39.2 42.3| 51.7| 60.0| 65.0 65.5| 80.0; 109.0 104.0
Difference 7.0, 4.0f 66] 9.0; 9.6/ 9.4{12.5 15.0{15.011.5/26.0, . 39.0
CKF' ’ 29.9| 31.6| 38.3| 38.3{ 38.5/ 41.8| 48.8| 55.0| 59.0| 59.0/ 62.0{  67.0|
D-185-5 GA 30.8| 33.3{ 40.8) 43.4| 46.1} 47.3| 67.4| 71.0 71.0, 72.0, 77.0{ 77.0 110.0
Difference 0.9 1.7} 2.5/ 5.1} 7.6| 5.5/18.6/16.0{12.0{13.015.0, 10.0
CK T’27.9 28.0/ 30.8/31.1{ 31.8) 36.8| 42.4 48.0l 54.0; 56.0|60.0; 70.0
D-242-63 GA ‘26.6§ 31.0‘ 41.6/ 43.9) 46.2] 47.0| 54.5| 78.0l 91.5] 91.5/ 93.3] 129.0 124.0
Difference B —- 1.31 3.0; 10.8/12.8/14.4/10.2/12.1 30.0& 37.5 35.5’ 33.3 59.0|

HfE 1~ 2 7% UERRRRSHREEE 20K GA ZRRYREE » HEE—RB&EE >
SOH EMRMPEMREA » B =R (B5H) @EBH+K (T8H) 1k REMEZHRIEHRE 2 8
TG o PEENZROR GA ISR 2 AR A RRIREN/ER o i@ 1 Bk D-8-21 K C-155
SR BE R (88H) DR RN » (AfE 2 2z D-65-3 & D-242-83 —RA#s
=Xk B8HD Rl i Bk A M ER 2 » ILIRR GA ZRAAMNEAERBR
NGNS
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Fig. 1. A comparison of change in plant height between GA treated and

130
120
110
100

Plant height (cm)

untreated dwarf rice strains D-8-21 and D-155-5.

GA

D—-242—63

.5 10 15 20 25 30 35 40 45 50.55 60 67 72 78 88 101

Days fron. seeding .

.. B2 :D-65-3 & D-242-63 TIRESHRKK GA pREE

R E MR R B Y <

Fig. 2. A comparison of change in plant height between GA treated

and untreated dwarf rice strains D-65-3 and D-242-63
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BERBEREREERRE 2B LT » BILEIREE H RERETE o

HERZRE 1~ 2 2 » KT GA WkE RIES G EBHSE®% B5~45H » i
RO » B HIBOTH ~T8H » B L » H=31/588H » A SRS » (D-55-3 R
D-242-63) H=#FTRERA TR » MESHER » RHESRIK GA 2k o Xl =57 47
GA Z{R#EBEL D-242-63 BiA » WIEAMEAMKIE M 59.0cm » RS ER 70cm BER 129cm
> BUBIAGE 24288 2R 124em #2838 Sem if D-65-3 JREE 39cm MM EH 70cm 07
B 109cm > SCEEHARE D655 EE (10dcm) > Sem o = RSB BE BRI » LS~
FEFTR » SEEH s S BEBMREERTSEE o (B5) o
- GA HERkE 2 RESERE R FRIFE» GA (EES oyl it St
FeHl s {2 D-8-21 R D-155-5 Z (RS » 4518 13cm & 10cm » ReeREBEHR2E
B o '

(= GA Eﬂﬁﬁﬁﬁﬁﬁa‘iﬁaﬁz

ﬁfﬁkzmﬁﬁa‘éﬁfﬁﬁdﬂaﬁ%ﬂﬁrwﬁﬁﬂ s K GA HHfaf— éﬁﬁaﬁZﬁﬂz&%ﬁﬁ P EREE - £H
BRI T HERARGRAZ RE » §—RRHETY » RETYREEREE » AR RS o
BEEHZ P REME (Panicle), In0 REWEEE 5 Iny, InyIn, SYBHETEESS
—BENHZHEEE o

FIUEK : GA FREge SR A MR R 2

Table 4. Effects of GA on the elongation of internode of mutant dwarf rice.

! Length of internode in cm

! Total culm
Strain | \ J I
]3 | P | In 4 In , In , In 3 | In 4 In 5 In ¢ length
\ |
J | |
CK | 9.4-1.118.74+26/14.3+2.2 6.6+0.3| 4.7+26| 1.6+1.5 f 84.3+4.3
D-8-21 |
GA | 7.942.0134+5.210.242.2111.143.7| 6.1-+2.7| 5.2+1.1 j 83.943.4
N |
}C ‘161+2118,3i3.8 9.53+3.3 5.041.3] 2.61.2 0.3+0.2| 0.2+0.1 51.8+5.0
D-65-3 i ! _
IGA 13 6:+2.5/22.9--4.713.9+4.4/17.6+6.7 6.34-2.5 3.8--2.4| 0.5+0.5 0.540.2 ) 79.1-+14.2
| ! .
| .
|
'CK 12.042.217.14+4.0113.443.6| 5.7+2.2 2.941.0/ 0.3+0.2 51.4i8.2
D-155-5 ’ | o
[GA.113+3112.6i5.412.4i5.513.2i5.4 5.7+4.6/ 1.94:1.7| 0.2::0.2 57.3412.7
| .
I T rfiw* T
JCK (13. 3—|—1722.2i3,0 12.7i333j 6.442.3 2.041.2 03+0.2 : ) 56.9416.2
D-242-63 ! ‘ '
' 1GA 14.5-£2. 0‘23 545.015.843.722.5-+5.4| 7.54-1.8] 8.1+3.10.4-+0.02 92.34+9.3
| i ’ J ) | o ,
Note:Peeveeveee Panicle length; Ingeeeeseee Panicle neck length;

In;~1Ing Ist~6th internode
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.Fig. 3. A comparison of internode elongation pattern between GA

treated and untreated dwarf rice strains.

HEPUE R IE 3 Tk s GA HRLE » B D-242-63 HREEALISL » MEMEMREHMHIE
B o SN (Ing) iNEIWEREA D-8-21 & D-155-5 —fR » T LA RE T RMEE 5 #50
—#irgE (In,), D-8-21 AMEWER » D-155-5 4&[XHE » D-242-63 WEg M D-05-3 R
EHEACY 5 HETHIME (In) MER L REMEZIER » H@maEhl.2~2.5H0 k » H
SEME (In) ZIREECR » Pl D-65-3 & D-242-63 WA IS AR 1~2. 75 5 SR IHHE
HE (In,) Pl D-242-53 KEESAR Cgin 26 {520 1) » (HEFFMIGIERZ D-8-21 » HPUEam
2.265P) | o HA G HENLL Iny, Ing, Ing =6 0 it Ing DUTREMSRE » HEIMZ AT
R o MESTET A GA (BRSO BE UM » LIEMEBN TS 2.2~2.6(5 20 » ok
SORATTRRE » RABHE M » HEAXRBHEZE - MR (P) » BB (no) RE—HEIES < L BRI
RBEZ “HEKRRTIAR . GA SEEARAHMZBEEA—F » BHEREZHEARY » SCL%

EE o
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BARHEK  GA BEMEEBREARREER
Table 5. The rate of increase in internode length of GA treated dwarf rice

as compared with that of non—-treated controls

|
Strains P | In o In ;4 | In » In 3 In 4 In 5 | culrx??etailgth
] T T
D-8-21 — 0.160% — 0.283 ~ 0.287 0.682 0.298 2.250 ‘ — 0.007
" |
| | !
D-58-3 — 0.185 | 0.281 0.463; 2.520 1.423 11.6€7 1.5C0, 0.527
| | | l
‘ | :
D-185-5 | — 0.058 1 ~ 0263 — 0075 1.316 0.966 5.333] . 0.115
{ !
‘ |
D-242-63 0.090 ‘; 0.059 2.244 2.516 2.750 26.000] i 0.622
J ; | &
(1) Ferh e IS RS 1 BTLELEs -
(@) = | REMEERE -
K GA BEERRE R PE
Table 6. Effect of GA on the various agronomic characters of
matured mutant rice.
Tiller number |Panicle number | Fertility (%) N;rer;. gefnigcrliins Lengt?crtx)lf) root
Strains
GA CK GA CK GA CK GA CK GA CK
D-8-21 5 4.8 3 4.3 37.2 19.6 33.3 35.7 18.1 14
D-65-3 5.8 5] 4.8 4.5 40.6 175 28.3 32.6 28.8] 24.5
D-1588~5 6 5.8 3.3 5] 26.3 28.1 24.2 26.3 35.7 35.8
D-242-63 5 5 4 4 56.4 56.2 38.1 41.6 35.0, 365

(B GA ZESHHRRRZE

HI05 Spicd GA ZBEHAEMNKIE » FAESEEHREREKE (Be6) » HI106 R -
242-63 T RHABERREA R RE o DIESHEEERHBCRRE » MEHBCREIRPESES 2R
RS H S BE R 2R o REBRPITA GA ZIEHIER 2ccr M@IMESH RS HREEEHAM
ABE L WEEAATTE (E7) o XEE 7 a7AElS3EmA] CF RO END HHEBRE1THER -
CHTEAT LR TG E BRI -
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Foogoes

4 ¢ EA§ D-242-63 & GA f& 5 : ZEfE D-242-63 RERARE

FRERDRZER # GA £ 12k » MBREILEE
= : ' » RERBHHEREREEE 242 5
IEETERR o
Fig. 4: A comparison of seedling height Fig. 5: Showing normal growth of dwarf
between GA seed treated and mutant D-242-63 after 12th spray-—
untreated ones in dwarf mutant’ ing of GA at a E-day interval
D-242-53,

B 6:RRERESRHE HI06 HGAZ R 7 : %57 H106 K D-242-63 —'#%s
: - Rif# GA YESREERHER
PEFRL I S o : JE » A EERNBEZI MY 2
18 > 7258 I5ZE IR SR B e 1T

TE 3 v St P R T o

Fig. 6: Showing no response of dwarf Fig. 7: Showing the main tiller of dwarf
strain H105 to GA injection at strains- H106 and D-242-863 res—
the 13-15 and 17-leaf stage. ponded to GA injection at both

15-and 17-leaf stage No effect of
GA was seen on uninjected tillers
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ERIEEETAERAEZE &EE%ZF%’FE%E%@ o —RME » BEEREEIARYE
s BRI RE— BB » L,BZEE.EMLE ’ mmﬁ%mz#%&z EH DB RIS » Bk
PEEEE B2 % o

SR A o RETHZ REME « BTHEZHMEKR » BRTREZ EEID o FHAT
HEH’Jé’ﬁF’i%Iﬁ » (3 BER 2 I8 IR R 2 R R BB R M 2 BRERIR B 1) o SEBRRIMFIER Rk B
T RRRERANREEMIRER (Polygenes) Frifl » BAAHEE 2 HEE/N » —RpEIBHERF
4] (Nagao and Takahashi 1960, Jodon 1948 .;51‘1962 1967) BRI E 24 s R 2R
ERERRE (Plant type) T o

sph% (Gibberellin) F{REMYMMBER /e » kt@éﬁa‘ﬁé’ﬁ?? (Growth regulator)
AHEIRER KR L o (BB MIEM RAERBRIBEY 2 &RV REED 5 RPN A7 RImT s
HAE o EARBABRIEE R EZ RER/N » WILRERAMLE » Hbb Ry |8k
HO R R e e rh B SUEE Bt > BErhESSR I PR R > (HH SR B AR ER
W (D-65-3, D-65-6) RESHER (D-65-1,% D-65-2) » FERE 8 B~ EHE2THE ~ Brh 155 $ER

A28 MR o KBS » ZEAWEZHENH GA Hlek AR TR 0 A RIERR S

+1/30 o
R A—RE A ¥ GA RESARH—EHALH o Phinney K (1956) GA
PETR RS RIS A R T IR M TR B BIE » W R R R IR MR (AR T RE s A& R
L GA pyB 23— AL RSB » EBLBAR R o ABEPFAERRS HI06 B A7
SRR d42 d. BAREIET (g » B (3D, » FREKHE (Ph) SR RAEHEEIR
WAL Nagao F& (1960 255 ST o AT Z HAVRR RS HI08 HZERERER » AR
SEmA RN d ERPTZEE] o MEIEREAERE ZERZAME (loci) FRH o AFFEHPERZE
A4 Phinney Bt 0 ARIEHE GA BUWHE I AE(CEER T2 BB R » ASBRRLE
THEER AL RAR T3 T PEEE » BUZER — (L3RR 2 R RIS E A R BURE B3 » B
THARAEEMEN CA KEAMAR ° GA EEFHEHHIM AR LB THR R IEE
(enzymatic activity) B ILETRESIBEEME o

2 MR B IERE » ZEAERE B S RSO B o i DL (LB 2 07 RAE U B 2 e
TS 2 S o ’

FERIE B AN FHR CA BEFERITFR o D ZRFH (revertant) EEFEIE
W IR RS B R B e R A R E » BIRLREIEZEN I o

FERWED GA (BERERWAREINE  REF M B 0 BEHREHE S ER
TR TARZEE  ERRZERARPH=ET/ERRZHE « FRHHERER MK R
YR HEBRIOS o THRSHE R Z I HAR o

- 0=

FIF B ARSI FERE 8 9% ~ W ME2THY ~ BErP65HE « B 1558 K 5% BR2428R R el MR L RRE AU
T ITE A RERELARBIE Bl 500ppm $EZ GA FEE?Z(%(EE ﬁﬁﬁlﬁféﬁﬁiﬁ‘?Zﬁ
BHESRRE o AV S HEI Rk RKERIE -

RETRER R ERZIMFIRERS » B 0% ZBBANERERZE o CGA HEZR#E
FEEFANER S RIS o BUR GA F RB{LERER c B RAEBTYPITEN » Y
{63 » RARAI=38 GA ZRBECK o JLLeRBRf (un D-242-33) 8 GA REEMRRAM
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PHYSIO-GENETICAL STUDIES ON PLANT
TYPE OF RICE

1. Growth response of single-gene dwarf mutants in rice to

gibberellic acid.
Te-mei Chang and Sung-ching Hsieh

Summary

Effects of gibberellic acid (GA) on the plant height, with special emphasis on the
pattern of internode elongation of single—gene semi-dwarf rice was studied. Four japonia
t)}pe varieties together with 15 dwarf strains induced by irradiation were treated with
500 ppm of GA water solution.
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The seeding height of the majority of strains tested was found to be repressed, while
about 30% of the strains showed the promotive response to GA treatment. The degree
of GA effect on internode elongation was increased as the number of treatment was
increased, showing that there is an accumulative effects. It was found that the effect of
GA was more prominent when it was treated at tillering, panicle formation and heading
stages.

Some GA treated dwarf mutants showed the normal plant height and agronomic
characters as those of original normal plant, in revertant type appearance. .

Internode No.4 which is at the basal part of the plant was most sensitive to GA.
The degree of increase in internode length is up to 2.2-26 times of untreated one.
Internode No.2 and No.3 are the next sensitive to response to GA. It is therefore consi~
dered that these three internodes are more easily affected by both genetic and environmen-—
tal factors. They could be subjected to selection during the course of breeding for dwarf-

statured variety.
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REACTION OF RICE VARIETIES TO WINTER

HARDINESS

W.L. Chang
INTRODUCTION

Winter injury of rice seedlings in the nursery and young rice plants in the paddy field
can be frequently observed in the first crop during the coldest months of January and
February in the northern and central parts of Taiwan. Rice injury ranges from slight
chlorosis to complete killing. Although the amount of injury suffered by rice plants may
be influenced by many factors, the role played by inherent resistance of rice variety seems
important. Rice plants, unless completely killed, usually recover from injury when weather
becomes warm and the damage caused by winter injury is generally slight in comparison
with those of other natural adversities. For this reason, winter injury of rice has nevér
been taken very seriously in Taiwan. However, recent emphasis on the development of
indica type varieties has brought into focus the problem of winter injury which has to be
solved before there can be any significant extension of indica varieties in the first crop
season. The improvement of winter hardiness of rice varieties appears to be a logical
solution to this problem. This paper presents the results obtained at this station on the

reaction of rice varieties to winter hardiness in the first crop of 1970.
MATERIALS AND METHODS

The experimental materials consisted of two sets of rice populations. Set 1 included
50 rice varieties coming from different sources. Half of these varieties were of indica type
and the others, japonica type. Seeds were sown on the dry nursery constructed in the
screenhouse on the 24th of December, 1969. The plots consisted of one row,1 m long with
20 cm spacing between rows. Planting was made at a rate of 50 seeds per rows. A randc-
mized block design with two replications was employed.

Temperature during the months of January and February was unusually 10w (Table
1) and sufficient winter injury was obtaind to differentiate between the varieties being
tested. Comparison of winter hardiness was made by the percentage of winter survival.
Varieties with more plants survived in proportion to the total emerged plants were con—
sidered to be more resistant to winter killing.

The number of seedlings emerged were counted every day to the last and the number
of surviving plants was counted on April 10, 1970.

Table 1. Temperature during the period of the experiment at Chiayi Agricultural
Experiment Station.

Dec. Jan. | Jan. Jan. Feb. Feb. | Feb. March | March | March ( April
Temperature| 21-31 1-10 ‘ 11-20 21-31 1-10 11-20 | 21-28 1-10 11-20 21-31 1-10
(°C) 1969 1970 1970 1970 1870 | 1970 1970 | 1970 1970 1970 l 1970
[ |
Maximum 23.3 21.9 17.3 20.9 21.8 23.4[ 27.9 24.8 22.7 22.9' 26.1
Minimum 13.8 13.6 9.4 13.6 11.2 12.3 16.6 14.5 13.8 13.7 15.9
Average 18.5' 17.8 13.3 19.6 18.3 19.2 21.1

17.3 16.5 17.9} 22.3)
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Set 2 consisted of three distinct levels of genetic diversity namely, homogeneous
varieties, simple mechanical mixtures, and complex mixtures or bulk hybrids. There were
9 pureline varieties, all indica type; 8 simple mechanical mixtures, and 12 bulk hybrids in
F, and F, generations. The simple mechanical mixtures were obtained by mixing equal
quantities of seed of two varieties. The bulk hybrids were obtained by crossing the varie-
ties and increasing the seed from each cross in successive generations without intentional
selection.

Sowing was made on the ordinary wet nursery on the 30th of December, 1969 at the
rate of 100 grams of seed per m% The area of the nursery occupied by each population
was about 1 m? The nursery was not covered with polyethylene film so that rice seedlings
could be exposed to low air temperature. When sufficient amount of injury was evident
about 4 weeks after sowing, each population was graded for the resistance by visual esti—
mates of chlorosis developed on rice seedlings according to the following system:

No apparent chlorosis, rice seedlings green to pale green.
Slight chlorosis on rice seedlings.

Moderate chlorosis with yellowish white color on rice seedlings.

o o

Severe chlorosis with slight wilting of rice seedlings.
This experiment was conducted in the first crop of 1970 at the Chiayi Agricultural

Experiment Station.

RESULTS AND DISCUSSION

Winter Survival of Rice Plants
Rate of winter survival of rice plants for each variety tested is given in Table 2.

The average rate of survival for japonica varieties was 67.0% whereas that for indica
varieties, 36.8%, showing that as a group, the former appeared more resistant to winter
injury than the latter. Among japonica varieties, average rates of survival were 71.6, 64.4
and 3849 for those coming from Taiwan, Japan, and the United States, respectively.
For indica rice, improved varieties of Taiwan gave the highest survival rate of 46.4%
which was followed by 39.8, 34.8, 29.2, 7.1 and 3.3% for varieties of Taiwan natives, the
United States, Philippines, Mainland China, and India, respectively. It was obvious, there~
fore, that winter hardiness of rice appears a genetically controlled character. The nature
of inheritance for this trait is still not well understood, although the tolerance of rice
plants to low air temperature during the period between panicle formation and flowering
was reported by Toriyama (1962) to be controlled by 5 to 7 independent genes with add-
itive effect.

It was observed that, in both indica and japonica types, varieties developed here were
more resistant to winter injury, indicating that genotypes of greater winter hardiness have
been unconsciously selected from the hybrid progenies. It was also observed that varieties
from the tropical regions were generally more susceptible to winter killing. IR8, the world-
famous variety developed by the International Rice Research Institute (IRRI) in Phi
lippine, had survival rate of only 16.3% which was the fourth lowest of the varieties test-

ed. The poor winter survival of IR 8 seems to be the major limiting factor for its suc
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cessful establishment in the first crop, especially in the northern and central parts of
Taiwan. Since these varieties have become increasingly important as breeding materials
in our rice breeding program, special attention should be paid on the elimination of less
hardy individuals or lines in the hybrid populations crossed - with these tropical varieties.
With increased. planting of nonhardy indica varieties as well as the extension of early
planting and direct-seeding methods of rice culture in the coming days, winter hardiness
is likely to become an important objective in our rice breeding program.

Direct seeding on dry nursery as employed in this experiment appeared to be an
effective means of testing rice varieties for winter hardiness. As dry nursery is not irri-
gated, the amount of winter killing will be much greater than the ordinary wet nursery.
Thus, differentiation between hardy and non-hardy genotypes will be much easier when
materials are grown on dry nursery. In Japan, cold water irrigation method was used
to induce sterility in breeding rice for cold resistance (Kondo, 1952). Since unusually low
temperature may not occur every winter for effective selection of winter hardiness, artificial

freezing test appears necessary as an aid to selection.

Table 2. Rate of winter survival of rice plants direct-seeded on dry nursery.

)

Japonica type J Indica type
i Plants | Rate of Plants { Rate of
Source Variety (l;};?rtse‘i surviv-| survi- Source Variety exI;l:rmesd surviv-| survi-
8ed| od val (%) 8e4 oq | val (9)
|
Taiwan C220 93 74 79.6 |Mainland Chian-hsi 99 7 7.1
China 3613
C223 97 66 68.0 |Taian Pai-mi-fen 77 21 27.3
native
C233 93 67 72.0 Wu-ko-~ 92 32 34.8
ching-yu
C236 95 63 66.3 I-kung-pao 86 35 40.7
Chianung 94 59 62.8 Ya-lun 20 16 17.8
242
Taichung 99 69 69.7 Tsai-yuan- @ 92 32 34.8
65 chung
Taichung 95 72 75.8 Hsinchu-ai- 51 51 100.0
186 chueh-chien
Tainan 3 95 56 59.0 Ai-chueh 89 46 51.7
Tainan 8 100 80 80.0 Pai~ko-hua- 89 33 37.1
lou
Chianan 8 100 59 59.0 Mean i 83 33 39.8
Kaohsiung 98 69 70.4 |Taiwan C229 87 41 47.1
64 improved
Kaohsiung 81 80 98.8 C235 59 39 66.1
135
Mean 95 68 71.6 Taichung 89 44 49,4
native 1
Japan Pi No. 1 81 53 65.4 Taichung | 84 €0 71.4
shien 2 |
Pi No. 4 85 57 67.1 Taichung | 86 17 19.8
| shien yu 28
Fuku- 90 71 78.9 Yien shin 2 a3 27 29.0
nishiki
Hatsu- 89 50 56.2 Kaohsiung 92 48 52.2
nishiki : shien 2 !
Hoyoku 89 47 52.8 Mean ! 84 39 46.4
Kinmaze 92 63 68.5 [US.A. Blue belle ‘ 94 26 217
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Nohrin 124 92 62 67.4 ' Saturn 85 10 116
Kogane 91 54 | 59.3 ~ Nova 66 91 25 27.5
Senbon |
Aichi Asahi 80 44 55.0 |  CI 9416 94 41 438
Br No.1 79 63 | 798 | CI 9534 99 50 50.5
Fujisaka 5 91 69 |, 758 CP 231 87 38 43.7
Hoki Asahi | 86 33 | 407 © Mean 90 32 348
Mean 87 53 64.4 Philip- IR8 85 14 16.3
pines :
U.S.A. Zenith 86 33 384 | | IR9-60 92 37 40.2
Mean 91 61 67.0 Mean 89 26 29.2
(Japonica) | :
' India TKM-6 90 3 3.3
‘Mean ? 87 32 36.8
‘(Indica)

Chlorosis of Rice Seedlings

Visual estimates of chlorosis developed in homogeneous and heterogenes populations
of rice are shown in Table 3.In homogeneous varieties, Ti—chueh-.wu-chien and Hsinchu-
ai—chueh—~chien showed no apparent chlorosis whereas IR 8, severe with slight wilting. It
was observed that rice varieties with heavier chlorosis were generally associated with
lower rate of survival, showing that winter injury evaluated by survival rate and
chlorosis rating agreed very closely. In heterogeneous populations, chlorosis rating of each
simple mechanical mixture is superior to the susceptible parent but inferior to resistant
parent. For example, Hsinchu-ai-chueh-chien (P;) showed no apparent chlorosis (class 1)
whereas IR 8, severe chlorosis with slight wilting (class 4), and the mixture of Ps+P;
developed slight chlorosis (class 2.) The performance of complex mixtureé or bulk hybrids
was quite similar to that of simple mixtures of the same varietal combination. No
difference was also detected in the degree of chlorosis in F, and F; populations of the
same cross. Hanson et al. (1964) also reported that reactions of crosses and mixtures to
the pathogens and insect were mostly intermediate between the reactions of the parents

or components involved.

Table 3. Chlorosis rating of homogeneous and heterogenous population of rice

Varieties | Gasesoft | Simple | Gt Dibiis | chioresis.
€229 (P)) 2 P, + Ps 2 P, X Pg,Fs 2
€230 (Py) 2 Py+Ps 9 P, Py, 2
C235 (P3) 3 Py Ps 2 Py X< Pe,Fs 1
Ti-chueh-wu-chien (Py) 1 P34+ Py 2 Py X Py, Fy 2
Kaohsiung shien 2 (Pj) 2 Ps+Ps 1 Ps X Ps,Fy 1
Hsinchu-ai-chueh-chien ) 1 Ps+ Py 2 Pex Pr,Fs 2
’i‘iﬁ)chung native 1 (P7) 3 P+ Ps 2 Ps X Pg,Fy 2
IR 8 (Pg) 4 | Pr+Pg 3 PixPyFy | 3
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IR 9-60 (Py) [ 2 P; % Pg,Fs ’[

Pex Pg,Fs
P X Pg,Fa

NN NN

I
| | |
.

Pgx Py, F3 ‘

* Chlorosis of rice seedlings in 4 classes. Class 4=heaviest chlorosis.

It appears highly probable that winter injury of rice can be overcome through a plant
breeding approach. However, the problem sometimes demands a solution within a shorter
period than even the minimum time required to develop a new resistant variety. The
result of this experiment seems to indicate that heterogeneous populations of rice
produced by mixing varieties of different winter hardiness may provide an interim solu—
tion to this problem while breeding rice for winter hardiness is in progress. There was
no apparent relationship between residual heterosis and the resistance of winter injury to
justify the utilization of hybrid populations. Further investigation on the possible utilizatign

of heterogeneous population appears worthwhile.

/ SUMMARY

The reaction of rice varieties to winter hardiness was evaluated in the first crop of
1970 at the Chiayi Agricultural Experiment Station. The winter survival of young rice
plants in the dry nursery indicated that japonica varieties were more resistant to winter
injury than indica varieties. Varieties developed at or native of Taiwan showed better
survival from winter killing than those from tropical regions of the United States, Phili-
ppines, and India. Visual estimates of chlorosis on rice seedlings in the ordinary wet
nursery showed that varieties of poor winter survival generally developed severe chlorosis.
Reaction of heterogenous populations were usually intermediate between those of the
parents or components involved.
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STUDIES ON THE VARIETIES AND CULTURAL
PRACTICES OF RICE IN THE HIGH ALTITUDE
AREA OF NORTHERN TAIWAN

BY
Chen-Shiuo Lin

Summary

(1) In Northern Taiwan restricted to terrain, there are Various and extensive mountu-
inous areas instead of flats. Under such circumstances, a large proportion of watei--
fields are located in the vicinity of mountainous areas, at an altitude of 100-1000
meters, with comparatively low temperature, the so-called slopes (see figure 11D
which are equipped with bad agricultural conditions and amount to 50,000-50,000
hectares. Pased on results achieved in an initial test and research, natural climate
conditions of the slopes are quite different from those of flat areas. Their high
temperature period suitable for rice vegetation ranges from the 2nd half of March
to middle October, namely about 210 days (see figure 1) per annum. Within tha
slope areas, as far as cultivation of 1dtc crop rice that takes about 230 days with
high temperatures to get ripe, at a plantation rate of 2 times a year is concerned,
there exists a shortage of about 50 high temperaturc days yearly. So that there arc
difficulties in the 2ad rice plantation, leaving most water—fields within such areas
unemployed. As for early crop. rice, its vegetation of 2-times plantation requires
only about 210 days, approximately in keeping with high altitude temperature
conditions. Under such circumstances, constant and strengthened studies should ke
made of early crop rice varieties and their coldness and pest resistance. we should
select those that are most endurable, with the largest crop yield, for reasonable
cultivation and promotion. This is to be our main work in grain yield expansion.

(2) As for two times cultivation or plantation of the said twokinds of seedssin one
year, an analysis based on Attachmentsl-2&6-7 shows that the Nung Su No.3

(with a crops 539%4.0kg) and Farm Taichung No 186 (with a crop of 5320.0
Kg) are the highest in output. Thenext is Taipei No.311 (with a crop of
4957.0 Kg) andTai-TaNo.13 (with a crop of 4947.0Kg) .The aforesaidsezds are all
of early plantation seed. As their growing periods are comparatively sbort,
temperatures aUud other naturaleonditions are necessary to bo in Keeping with
thosemountains in the growing course of such twotime plantationcrops. Therefore,

such crops are allowed to be raised inmountain area with little shortage in ontput.
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As for TaichungNo. 65 and Taipei No. 306, they are late plantation seeds. As their
growing period is compatively long, the Ist plantation crop can be cultivated, while
the 2nd plantation crop cannot be because of lower production than early plantation,
for the temperature on mountains are not in alignment with those of the original
locality of the seed. Accordingly, mountain shope waterflelds have not yetbeen left
without being employed for the Snd plantation. on the basis of the abovementioned,
early plantion secds canbe employed for two-time plantion in mountain area with
good effects. Results achieved in this test on the ssid seeas should be used together
with furtherobservations and surveys of their anti~pest capabilities and output so as
to derive the finest 1-2 seeds for area test anddomontration purpoes.rrn this way,
morethan 20,000 hectaresos ofmountain slopewaterlands canb be employed to a full
oxtent, (see figurell) for outpu} promotion, the main purpose of cultivation.

(3) This report is a result of initial studies. In order to promote rice production in
high altitude area, apart from the said works, it is further necessary to study the
quality of water~field soil at high altitude, and the right kind and quantity of
feryger to be used on such soil, which are quite related to rice yield promotion

problems.
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STUDIES ON THE GERMINATION OF ROUGH
RICE INHIBITED BY “OED” PERSERVITIVE

By

Tao ian ‘

Summary

Two varieties of rice TaicHung native 1 (indica type) and Tainan 5 (japonica type)
were treated with “OED” perservitive and its effects on germination, root growth and
grain quality were studied. It was found that i“‘OED’f inhibited seed germination well at
the concentration of 1.5 to 2.0 percent. The root grqwth was more severely affected by
“OED” than germinability. Quality of rice in term of protein, starch and moisture conte-
nts were not affected, however, the yieid of brown rice was affected with 5-8% and

11-279% decrease in Taichung native 1 and in Tainan No. 5 respectively.
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Vel S5 1 PO AR BRI — BAL R RME BB LA Y » MEEBRRA » FULRIFERA o il
o 5 IR T SET R A 0 RL BN 8K » MR RINEE K » SR B R oA R 2
TS 2 B AT R o R SE Sy LR R » B S BBERFEL o

(S ERE LI EERR » T H SR » FESIEY AL HkE (Plant type) Fis# o gt
KESTIS » Bl ALk RIFNE A B S SERE » SR E A EHEROAERAEQ o EEkH
ISR HOR BT » FEIRAUBOIER » I BIRE o

B TASIE » ST B IR B B R TE AR IR B ) © {E% %@%ﬁxM%%cme
G F SRR o B B — AR S T o IR 8 8% » ZrIER EORIELA AR i AR T R
ZRHIBIRBL) © 7

IR 8 SR7EARE A4 — HIVE R AR I » K R 7 FAEARAR B 8 58(5) » IR 8 W75 i Bt o
TEAR—9E o T (DU 27 A AR AR IR R 6) o |

IR 8 i Sk AR B » HUR IR M6 5 2 AN T 2 A (R T T 4E SR IR 8 $RBA5ERE 8 %
TER R B i M R R R R A A 2 R R SR R DI TR
SHIE SRR T SRR R e B o

=~ REAERR

(1) HEHEZHE « 4 Robitsch 2 H 43

(2) RExBRFEMAERE (REBFEF—~ ZHD

REE s RIRFEIEF 2 Split Split design B #EH FER o /MNEEFE20FT7 AR (4mXx5m)
THEE s BMEMEAEEE 20cm x 20cm o

(3)mﬁxﬁﬁ%ki%(ﬁﬁ%$% BE) IR DIREBFIE o NEER20
ZGTAR s EH o HIEBNANE 4 o KEMINRHEH N:P0;: K0 % 120:80:80kg/ha.

(4) BT -FHEVEE » SEE RSB RO 2 W B IR o 3B » Bz e &
PRAIEHEE)

= ~ R R RET

(1) KREFHH R QRS
IR 8 2 A I % P 8 BRI RIZKAEL » ME LR ©



52

1. KEEAEFYM (1969)
Table v1. Growth duration (1969)

WOPE R BB | HEEYRER | OB BN | B I E K M 8 & T H K
Crop season Transplanting to Panicle-initiation Flowering
& variety Panicle-initiation to Flowering to Harvest Total duration
Ist crop
Chianan 8 66 ] 28 32 123
IR 8 81 2% 283% 133
2nd Crop - |
Chianan 8 46 23 32 o 101
IR 8 56 23 | 34 1 113
|

SRR SERE R B OO

Harvested a few days before the {ull maturity

H—HVELFMHRER B A BIGE » HEEEKBAEE LR R R 7es b sk
(27°C R 410 Calfem®/day) % —#ERIFE A EEAcEETRNEE (30°~29°C) » HEH 4}
A B MR BRI HIME (5553 342 % 426 Cal/em®[day) » 413k 2 o

2. KBEFREZTHRELHSRE

Table 2. Mean air temperature and solar radiation during various growth phases

b e I R e ¢ A 1A Y KO Rk FE OB FE I R S O -
Transplanting to Panicle~-initiation
Crop season Panicle-initiaition ‘ to Flowering I‘lowerng to Harvest

/]"J*J i (C°)
1 st 20.5 23.6 26.6
2 nd 30.1 29.5 28.8

g 1

gcal/cm-'/day
st 281 333 411
2 nd 426 351 ' 342

31967~ 1960 =4R[4

(2) BT RAEEY

A RBRE R ¢

FERBTAE I 8 HIRIR 8 HE S 200 /7] ABTFARHEAE 2 » PR 4 F38.1 T 8.9tonfha
£3) o
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3. FAAMRE (C » 19684 85— HH1F)
Table 3. Grain yield (C locality, 1968 Ist crop)

i o ‘ N S 157y B grain yield
Variety [ kg/ha 1 Vton/ha ’ ) VIndex’ -
Chianan 8 120 8.13 : 100 -
IR 8 120 ‘ 8.93 110
/INETEFE 50m2, 4LETE o Plot size 30m2, no replication.

FES8AE [  — SR AR AR o FTECR Bk BB E RN 1 R 2 o ddl 1A RIR
8 B RIB K HE R IK R IG R S 1A 8 3F (I R4 E7.3R 9.3tonfha) o

9
T | /
N
5
tj /——-\
=
jox
o
N2
X X IR 8
6r ¢———e Chianan 8
,. L L 2 3.
30 60 90 120 150

N (kgl/ha)

WL RFAIERE TR (A » 1969 » H—JH/F)
Tig. 1. Grain yield at different nitrogen levels (A locality, 1969 Ist crop)

500p P

o . i

% a0} LS

s *—xX IR 8 . bor

m* 3gob ¢~ Chianan 8 ?/3
[l L 8 1 1 40 A L A I ¥

L. 90r

B 30r

N W o S

70 i T

/ . £ 25k

o @ e——
i A l. 1 ] 20 A i 1 A ]
30 60 90 120 150 30 . 60 90 120 150

N (kg/ha) N (kg/ha)

B2 RRARAE T2 R ER (AN > 1969 » 5—#1E)
Fig. 2. Yield components at different nitrogen levels (A locality, 1969 Ist crop)
XHANELOEJCEH o Selected by sp. G. 1.06 Salt. water



7EZIIETF (N150kg/ha) s 4 G2 BATHHCETER CRIBLATTERE BB (S RLSETERD 5%
40,000/m® 3% » (AEEFHBULKZ 0 » RS R TREAGSES (M2) o IR 8% 55m
SRR 8 B S » B AR AR R TR o

AR R '

FBR56 4 DIR R SR B B T B B B BIR B RE AN 4 R 5 o RIRE5e4E
PIFRAIRES E 2 HR B RIKERRELA TRE S REG6 o k5 R 6 TR S HH

x4 TFARERERXEFET2&kE (CH » 19678 " #i/E)
Table 4. Grain yield at different planting patterns and densities (C locality, 1967(2nd crop)

& = | o S % ® 0 Kk B @
# o B R ! g B (#/m?) | Grain yield (ton’ha) Yield Indgx
| T
Planting Pattern ( Density (hills/m?) “ Chianan 8 } IR 8 Chianan 8 ’ IR 8
i & 44.4 (15X 18cm) 4.82 6.57 100 136
Square
25 (20X 2Ccm) 490 6.15 100 126
16 (25 % 25¢cm) 4.53 .52 100 122
i 7 44,4 (30x7.5cm) 5.55 7.80 100 140
Single row
25 (30%13.3cm) 4.41 5.43 100 124
= T 44.4 (35x10x10cm) 3.95 5.70 100 144
Double row . -
i 1
7% #3 mean ‘ f 4.69 6.19 100 132

RSB ERE 2T 2 F B 1 oomE ki

Both tests on mean square for variety and spacing were significant at 125 level

#5. AARMERXLEETZRERLESR (CH » 1967458 H1F)
Table 5. Yield components at different planting patterns and densities (C locality
1967 2nd crop)

A b K SN | BB G /m?) Chianan 8 IR 8
Planting Density . - A ==
Pattern (hills/m?)  [fiite/me | e/ (E/j)x T( o {@gg(/puwiﬁzkgg(/fh Tnﬁérxl‘ T(*f
_ . . T /
E (¢S 44 4 293 77 62 23.8 370 82 69 27.1
Square
25 283 89 62 23.3 325 92 70 26.7
16 241 101 152 23.5 308 92 71 26.1
B T 44,4 321 86 63 23.3 | 427 85 75 27.1
Single row !
25 258 85 66 23.4 308 82 71 26.6
H o T 44.4 .| 283 82 64 23.9 366 85 71 26.3
Double row \ o
; J [ ' N
2N -2} mean 280 i 86.6 ‘ 61.5 235 | 351 86.3 71.1 26.7

MEPIETEL.068E k8] Selected by sp. G. 1.06 Salt water
Ve 2 A R TR — AW E EE 2 (5 — ~ ZEWE NN, SREE T 5K 5440 % 320/m?)
s TTEGRHE R 2 RS R 2 I FHETR K o K2 o IR 8 9858 — HWERE M RS E HHE 2 Im
RNEHERRIE » IR RIS 8 5% o
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%6, REANART 2B ESR (AT > 19694258 I (F)

Table 6. Yield components at different nitrogen levels (A locality, 1969 2nd crop)

| Chianan 8 | IR 8
N (kg/ha) ‘ - \
2 |y gl %*u,é;?—X [ + 7bl £
‘ \ ! o
30 | 327 84.0 \‘ 79.3 ! 23.8 38 | 7185 | 634 I 2681
| | ; | l
60 | 320 ‘ 85.3 i 80.1 ’ 241 358 ‘ 794 629 } 26.8
90 ‘ 348 850 “ 81.0 \ 239 \ 362 “ 783 ‘ 59.9 : 27.0
i i 1 |
120 ‘ 342 | 803 | 738 236 | 352 ! 769 | 628 26.9
! ! i |
150 ‘ 332 % 80.8 } 75.8 23.8 414 i 70.8 ‘ 65.7 i 26.4
\ | :
LI 1.06 8K

IR 8 Bi7E ESE564F 4 — HI/E siBhis B Bk B3 7.8ton/ha o [RRAE/KASIE AR AR MW RACHK R
R IR — AR RS TE 6tonfha DITF » BULAEEASEER o SURBISS4F 5 —RIERER
W (3D JORIR 8 B2 MBI 8 SR o (BAE 6.4tonfha) FIRBRA > BUHBE

x—xX IR 8

7bk ¢——¢ Chianan 8

>

(eqjuor) B B
[=2]
’
p_3

30 60 90 120 159
N (kg/ha)

3. RRAREARETZAKE (AH » 1969, _H#i1E)
Fig 3. Grain yield at different nitrogen levels (A locality, 1969 2nd crop)

cEgrREESET > HIKELE Ttonfha 740 WHKEMREHR (R6) HHN (GEre 8 SRR ER
s I feeE B R AD
(3) RBIPZRIE RSz EREae )]

5 ~ — HfEzEE 8 BEEIIR 8 BA A H R L E L B INE 4 o B EE RS —
— e e (ORISR 3RS 8 BERIIR 8 BE 2 ik A AR AR {BAFHAIRIR 8
SEEEARS FARRE 8 B o 3 HLERFMR 8 BE 2 A AR #pE 8 BRICRAVIZRI » UKLk WEEE
HEAEFE 8k » 3% 16 ton/ha £

BT 8 AR 8 BR—RAHAER » REMYREYEML > HEARSERRERI R
L (BT s o RESE TR By EER IO ER HBT DA F R AR
At B R » LIBIETR I K REKEIEAGER (mutual shading) BLGERR » i SEMIZ0
R T BRI T BT o K 8 FT R » EEALTIR 8582 LAl EiREESHESL (BRI
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I Flowering stage
N N N " 1 .
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Btz A gk Days after transplanting
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AH s 1969488 —HAE) = M

Fig 4. Plant dry weight at various growth stages (mean of Nio~Nis0
plots A locality, 1969, Ist crop)

) (AIE LB E R » R IR 8 B WOLRY (k) Bt 8 BN » Bt
HORHE o

KT ZEFHPEPEAREERFEAERKE (AH » 196945 — ~ —iifE)
Table 7. Nitrogen content in straw and uptake at various growth stages

(A locality, 1969)

Ist crop
| 3 Pup— y
AERAE | & W N ARG N (kefha)
Days after . ; ‘ ‘ Nop~N
tranzplanting Variety I N N 6 Ng | N } N oo | % [u_g,; 455"11;:}
R | i
66+ Chianan 8 134 ‘ 139 149 182 1@ 77.8
| ,
IR 8 |10 | 13 144 165 | 163 76.1
914k Chianan 8 1.01 ‘ 1.13 1.29 133 159 118
IR 8 100 | 113 | 125 | 132 | 188 129
105#5+ IR 8 08 | 102 11 124 124 132
! i
Harvest Chianan 8 083 | 059 063 | 073 0.78 116
IR 8 0148 0.54 057 002 | 0 | 131
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2nd crop
\ S oA B / ‘
gt | 5 m | Now oA ) N B
D fter | . | | Nn ~Ny;
Dol | verey | Nw o Ne | Nw o | Nuw | N Mgl
»
46% ] Chianan 8 | 146 1.63 161 1.51 170 | 733
| IR8 | 13 1.52 159 | 171 1.76 " 70.2
\ ! \
\ | ‘ ‘ ‘
69** | Chianan 8 , 118 | 117 118 | 127 1.14 \ 93.2
| | |
| IR8 | 141 | 129 131 | 148 182 | 114
| o | i !
gk | IR 8 108 | 101 112 | 113 1.23 115
| | | |
Harvest | Chianan 8 | 071 1 0.68 069 | o079 | 088 117
IR 8 063 ‘ 0.66 075 | 073 \‘ 0.78 129
j | 1 ! |

ool g SRS 8 BB ChRUZ AR A K /EFU Panicle initiation and heading Stage, respectively, for
Chianan 8

ek JR 8 5E TR » Heading Stage for IR 8

* 8  MEIEREREE SR RUeERE (AH » 1969451 —H1F)
Table 8. Leaf area index, light transmission ratio and light extinction coefficient
at flowering (A locality, 1969, Ist crop)

7 A & N (kg/ha)
Ttem | Variew s | e | e | 120 | 1®
T ; |
LAI | Chianan 8 36 s | 4o 5.9 6.4
IR 8 54 | 66 83 | 9.4 0.2
| i
LTR* (%) | Chianan 8 10.2 8. 7.5 3.4 36
IR 8 117 10.4 58 | 54 44
Ko | Chianan 8 064 | 053 053 | 0357 0.56
i |
IR 8 040 | 034 034 | o3 0.34
|

v A~ Lo % | A&V (Population) FSTLIHS (W) PRIDEEE » 4656 ~ 100 iL2

7 o
loge Ti
TLAI

Wk ﬁ?ﬁ?ﬁ%i@%&ﬁﬁﬂﬁ%am s IERARI R BRI » SRR L EE N 2 R E SRR
RAHE o BthE - REEERT » MERRTREREERNERA -
(4) BEhmkLaEY EREED 2&&
— MK RS 7E R T AR T 1 SO R R D B B AR R W HE B A ZE SR TR PR T A BT 2
5 o MR BLERBK LAY EER BTN LT R ABREE - B2 EEMIE -
R B P ITE R B LAY (EEREAMRZ R AR AR ERIGH

o Ko (RECRED =

i
E
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FEY) » RS RERURE P 2 AR ENBTE o SR LT o
122 9 W] RLIE — AT AR PR K LA & i o TR 8 BRI TS ARERE 8 BE o IR 8 B R A RS NS
RETHERBOKEOY & & Ol 5 SR 8 3 » 3 HA MG IR 8 RS LS

SRR

R HRETHREFTHRLEY (ZREMERE) 8FFRERE (AH1969)

Table 9. Content and amount of Carbohydrate (total sugar plus starch)
in Straw at various Stages of growth (A locality, 1969)

Ist crop
oBos 8 B i, pee 2y A # Content % H#E Amount (ka/ha)
Days after ‘ I
transplanting J Variety Nago \ Nog Nisp N Ngg | Niso
91* Chianan 8 ! 141 11.8 9.2 1170 1090 902
i
IR 8 } 17.8 17.1 13.9 1520 1790 1580
i
: |
165 IR 8 186 1 166 16.3 2040 2090 2010
Harvest Chianan 8 | 7.0 6.4 34 440 432 254
IR 8 ‘ 3.8 2.6 2.8 280 212 250
2nd crop
69 Chianan 8 118 11.1 10.8 873 970 932
IR 8 ‘ 137 12.7 12.3 1120 985 1135
! |
179 IR 8 12.6 12.9 104 1262 1400 1160
L
Harvest Chianan 8 © B3 47 89 365 323 390
IR 8 a7 U 26 | 38 310 176 281
| : !

TR BERT 2 B L A & BT AR B AT o BT 28K REE (Pop—
ulation) SEAVEMAZ AT » #0 H S8 » JERBS Il > BATIE 2 RILAEREE B 2 3tk (Rt
FRED BRBIRKIAMEEZBRHRT o K2 » BRI » F B E IR DRI R AL Sasts
HETHBART o R ZBRUCFERE— BB SR EERTE DR A BRI G & 5 - 228
ERPIERRAALE Y ELGBEHE » REFE - EZIEHE T REHRRE 2 RK FEER LAY
» HETPEERR S WK o S MR £ L IREIRT o Rty @2 (Population) PR 7
FEURRIFRE RIS E AL T a8 P A G BB 2B A% « BMIR 8 S
BT ye B R EIRAC S 8 B— R RIR 8 B Ak B R0 4 s i 3 v 8 BERLIFHY— T o 5
R SRR RN < Rl b2 8 » WieER T H DB LAY & BTSRRI R b 2 4/t
EXHEEL(8) o )

IR 8 SR hR AL &5 BIER 8 3 » HERIFHEEE (RUIBAICEWIZR) »
RAEh BRI A S REER NG 8 5t -

(5) ZEEMEREARNKE XIS

WA ZBRAALAY » SRR PRI T R R BTG » S B R SRS B AR



J¢ o EEFE R TH R RL Y 2 BHS T IT R S SRR R T R T A R B R o
HifE 5 % 6 T FL 3R 8 MRS — MRS BRI A IR (LAD BASRUIBNTIE I AR 80 » KRR
.3
ir x
//§~
f"_i
S .
B
¥—X IR 8
o—¢ Chianan 8
6 I L 4 N 'l R |
3 4 5 6 7 8 9 10
L A1

5. HFEEREERESREZRA (AR » 196945 —IHF)

Fig 5. Relation of LAI at flowering to grain yield (A locality, 1969, Ist crop)

~1
T

(vufuor) El 5§

oK

—s
4 [ L [} ) [} ] ’
3 4 5 6 7 8 9 1

LAI

@6 WEHEERERESKEZBR (AR 5 1969 5 5 THIE)
Fig 6. Relation of LAI at flowering to grain yield (A locality, 1969, 2nd crop)

BAIST R IE 2 IR INTT 0N » LI 5 ~ 6 RIERIER ZBME o KX » 375 8 BR7ER —AIER IR
RS — IR EE RS 3 AR IR 2 RS A IR PR 8 SEAIERE— ~ AWMU
BT @ETEHR o WEIFFRERRIRE S ATRM » BeBIRREE (HEmkEZ Critical
LAI 359 EHR) ° ‘

%ﬁ8%%:%#ﬁﬁ%%ﬁZ@%E%ﬁﬁﬁﬁzgﬁ%ﬁﬁ%’§%§8%ZWME§%¢
»%ﬁ@%%%ﬁﬁ%&@ﬁﬁ%E%%ﬁﬁﬁ%%%ﬁéﬁ%ﬁ@’%%@B%%ﬁo

E 8 B MR R IR 8 B A K 2B e s — AEZ Silf@ i % » IR 8 B #ha Al
TRZPBHREBZZEEN (B7) o dR TR EAREEEEE TR R R EHTH
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120F _ o2 Chianan 8
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7. RESBHAEERBETZHES (AH » HiEL19694)
Fig 7. Plant heights at different nitrogen levels and seasons
(A locality, 1969 Flowering Stage)

AR REEREE — ~ ZHIWEIHIRIR 8 Bt AR AR 8 8% 0 (Heg PN R AR e R e
HWORBRAAZ R DT HRIR 8 SECHRE 8 AW E NG M E RS

M~ BERIEW

1o HERKGRBRARE FUAIRIR 8 BRI 2l E LU W B 1A 540 8 5 o L BB R T H> — 8 4k
) (Plant type) SAIFEZ I » TSI T A PTEE ~ B9 & B 2 A D R SRR ORI B
Wiz BE R E A o

2. IRSBEZKBIEATT— » “HESENERT 8 » HAF— » — HFETRIM— I
R R DI TRIR 8 B LB AT S — HIfE 2 ks o

R 1 RBRSERBERTIE LR AR AR » BB TR M R BB R T 7
W R ATEHESG ARG B) o WER VTR SUTRE o AT

B~ BEXRK

(1D FHEES (196D KBEORARK O T ORBIGERICET 20  BEHHEED 9 —1—169

(2) Tanaka, A et al (1966) Photosynthesis, Respiration and plant type of the tropical
rice plant, The International Rice Research Institute, Philippines. Tech. Bull. No.3

(3) Tanaka, A et al(1964) Growth habit of the rice plant in the tropics and its effect on
nitrogen response, The International Rice Research Institute, Philippines. Tech. Bull.
No.3

(4) International Rice Research Institute Annual Report 1967 153~154

(5) Lian, S. (1968) Growth performance and yield of the rice plants in the first and
second crop seasons in Pingtung area Soils and Fertilizers in Taiwan 1968

(6) RHEEEBRKBRESNEARSEZRIEEEEXBIGEE 19674 K 196824 o

C7) BRI (1956) fEY)aBhit BEBMEE » Hito '

(8) Yoshida, and S.B. Ahn (1968) The accumulation Process of Carbohydrate -in rice
varieties in relation to their response to nitrogen in the tropic soil science and plant

nutrition Vol, 14,NO.4.
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COMPARISON ON GROWTH PERFORMANCE
AND YIELD OF CHIANAN 8 AND IR 8
IN PINGTUNG AREA

Summary and Conclusions

All of the four experiments revealed that the yield of IR 8 was higher than that of
Chianan 8. The better plant type of IR 8 was attributed to its higher productivity,
basing on the relationship between LAI and yield and on the content of carbohydrate
- (sugar plus starch) in the plants under high rate of nitrogen application.

Although IR 8 showes higher yielding ability than Chianan 8 in both the first and
second. crops, it seems the IR 8 is particularly adaptable to the second crop owingv to
its higher tillering ability as well as-longer vegetative period (about twelve days)
which enable it to have a higher LAI than Chianan 8, as low LAJ is generally

attributed to be one of the main cause for the low yield in the second crop season.
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81.8 115 834 | 109
B ] 58.8 155 so1 | 189
EH1RE 89.6 18.0 90.7 16.8
BHER L 5 67.2 21.6 63.4 193
2RI 13 88.2 11.9 86.2 11.5

1 000

ek 1 5% 62.6 16.8 585 | 156
EZFg 1 5% 88.8 16.9 90.7 16.2

ok 1 5 68.4 23.0 63.9 204 |

By 1 5 63.4 21.2 63.1 212 |
e 1 922 20.9 89.9 18.9
BT 1 % 72.2 24.6 60.5 1 23.2
EHE 1 92.4 22.7 868 189
ZrhTEsE 18R 71.8 25.7 641 | 220
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STUDIES ON THE EFFECT OF FERTILIZERS
TO RICE DISEASES

By
C. C. Chien and C. L. Chu

This report deals with the effect of different kinds and various rate of fertilizers to
the occurrence of main diseases of rice plant. The results obtained are summarized as
follows: v

Rice blast did not occur in the plot but the rice tolerated to the Sheath blight severely.
It will be susceptible to both sclerotial disease and sheath rot in proportion to the increase
rate of fertilizer applied. (2 to 3 time). But it is contrary to brown leaf spot, the disease
will be heavier if a relatively low N-fertilizer is applied.

Increase in K~fertilizer may decrease the occurence of Stem rot. As to the effect of
increase in yield, K~fertilizer used in the second crop is more obvious than in the first
crop, the lowest yield is obtained in the heavy N-fertilizer plot. The weight of 1,000
grains is heavier in Non~fertilizer than in heavy N-fertilizer plot.
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