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PREFACE 

In FY1970 several big events took place in Taiwan agriculture. Among them the most 

important ones were: (1) the promulgation of a new agricultural policy by the Government 

for the further strengthening of food production, agricultural research, farm mechanization, 

marketing and agricultural financing, and for the development of marginal and slope lands; 

(2) the severe damage to land and crops by Typhoons, Elsie and Flossie, which not only 

drastically cut down the overall agricultural production for that period but also greatly 

lowered land productivity immediately afterward; (3) a sharp decrease in planted acreage 

of dryland crops and winter crops due to rapid industrialization and urbanization: and (4) 

the tragic death of Mr. Y. K. King, JCRR Secretary-General, in a car accident in June 

1970. 

High labor cost in the rural areas has significantly affected both cropping patterns and 

crop production. It is natural that farmers should choose to grow crops of high economic 

value in order to earn more. On the other hand, the reduction of fertilizer prices as a 

government attempt to lower the cost of production has also had considerable impact on 

crop production. 

Under the changing conditions of agriculture, it is evident that our specialists are facing 

many challenges in their own fields. For- instance, research on the chemical residue problem, 

selection of proper crops for slopeland farming, stepped-up farm mechanization, profitable 

crop production, improvement of post-harvest handling techniques, effective pest control 

and economical use of fertilizers all pose problems to be dealt with in coping with the 

changing agricultural pattern. Some of the reports in this publication show how JCRR 

proposes to meet the new challenges; more research efforts are required in the years to come. 

July 1. 1970 

Chief 

Plant Industry Division 

Joint Commission on 

Rural Reconstruction 
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THE POSSIBILITY AND PROBLEMS ENCOUNTERED 

IN USING HYBRID VIGOR OF RICE 

Cheng-Hwa Huang 

Introd uction 

The use of hybrid vigor in crop 
improvement has interested breeders for 
many years. . The most significant 
achievement of using hybrid vigor in 
crop production is the development of 
hybrid corn. During the period from 
1936 to 1945, the planting acreage under 
hybrid corn 'in the corn belt of the 
United States was expanded from 5% 
to 90% and the yield also increased by 
about 20%. Through continuous efforts 
made by plant breeders in various 
countries, many hybrid crops of eco
nomic importance such as onion, tomato, 
cucumber and several other horticultural 
crops have also been successfully de
veloped in the past twenty years. 

Rice is an autogamous crop, so the 
. utilization of hybrid vigor should take 

into account such problems as hybrid 
sterility, the degree of hybrid vigor and 
the method of mass production of hybrid 
seeds. So far little research work has 
been done to evaluate the hybrid vigor 
of rice. Several rice research workers 
reported the finding of considerable 
heterosis in grain yield in different 
cross combinations of rice (Ramaih, 
1941; Harada, 1953; Subliah, 1961; 
Richharia, 1962; Madhasudhana, 1965), 
but without conclusive data. 

In 1965, Peter R. Jennings of the 
International Rice Research In~titute 

reported the observation of an unusually 
high level of hybrid vigor involving 
earliness, total tiller number and percent 
productive tillers, and grain yield among 
24 indica xjaponica hybrids of rice. 
However, the carefully programmed ex
periments involving two hybrids of 
B5711Al x Tainan 3 and Chianung 242 
x BPI-76 grown under spacing of 25 

em x 25 cm at three nitrogen levels did 
not show any superiority in grain yield. 
It was explained that the extremely 
vigorous vegetative development of the 
hybrid during the early growth stages 
resulted in excessive mutual shading 
which inhibited net assimilation and 
reduced the amount of storage products 
available for translocation to the grain 
during the period from flowering to 
maturity. Based on this conclusion, Dr. 
Jennings considered heterosis of rice 
for yield to be difficult to demonstrate 
under the low light, high temperature 
conditions of the tropics. 

In order to re-appraise the existence 
or non-existence of hybrid vigor in 
terms of grain yield under the environ
mental conditions here as well as to 
explore a new concept for rice improve
ment in the future, a research program 
entitled "Studies on the hybrid vigor 
of rice and its practical utilization" has 
been conducted since 1967 at the Chiayi 
AES and TARI at the initiation of 
JCRR. The purpose of this research 
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program consists of three parts: the in
vestigation and screening of levels of 
hybrid vigor among different cross 
combinations in F1 and F2 generations, 
the determination of the effect of cul
tural practices on the expression of 
hybrid vigor and establishing a method 
of mass production ,of hybrid seeds. 
The preliminary results obtained by the 
said institutions in the past three years 
are summarized in this report. 

Recently, it was reported that the 
development of hybrid wheat with the 
help of male sterile lines would be 
commercialized very soon in the United 
States. Because rice is also a self-ferti-. 
lized plant, it seems' that the use of 
male sterile line may be the right solu
tion to mass production of hybrid seeds. 
But, the mechanism of flowering of rice 
which is slightly different from that of 
wheat could limit the effect of using 
male sterile line for mass production of 

Station Crop* No. of 
season crosses 

TAR1 I 1968-1 90 
1969-I 50 

-II 39 
Chiayi AES 1967-II 22 

1968-1 17 
-II 20 

1969-1 A 27 
B 18 
C 15 

1969-II A 24 
B 28 

cl 29 

I 
i 

I 

I 

hybrid seeds. Furthermore, the transfer 
of male sterility to a desirable rice 
variety through repeated backcrossings 
is also a delicate time"consuming tech" 
nique .. Therefore, an attempt has been 
made to study the possibility of utiliz
ing the F2 or even F3 for economical 
production of hybrid seeds in addition 
to the use of male sterile lines. Of 
course, the degree of reduced hybrid 
vigor and the segregation tendency in 
F2 or F3 population should be taken 
into consideration. 

Screening Test of Hybrid Vigor 

ADlong F 1 Crosses 

A large number of crosses involv
ing japonica and indica rice varieties 
were made at the Chiayi AES and 
T ARI in the past three years. The resul ts 
of screening tests in terms of grain yield 
of these F1s can be summarized as fol
lows: 

Hybrid vigor (av. yield in %)** 

Over MP j Over HP I Over OK I 
25.9 (55) 18.2 (44) 14.7 (27) 
40.0 (30) 33.3 (21) 34.8 (24) 
50.2 (23) 26.1 (18) 23.6 (15) 
19.4 (15) 23.7 ( 7) 3.4 (11) 
43.7 ( 8) 61.7 ( 4) I 39.7 (10) 
20.9 ( 8) 17.1 ( 3) 23.6 ( 3) 
9.2 (24) 8.3 (16) 16.0 (24) 

13.4 (13) 14.4 (10) 16.7 (16) 
28.0 (14) 18.4 (13) 16.2 (15) 
19.0 (16) 15.4 (12) 

I 

17.9 (16) 
17.2 (24) 13.2 (19) 17.0 (26) 

I 

24.8 (22) 19.3 (20) ! 33.2 (21) 
i 

Note: * I and II indicate first and second rice crops, respectively. A, B, and C indicate the crossing 
of early-maturing varieties, late-maturing varieties and indica varieties, respectively. 
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** Figures in parentheses indicate the number of cros.ses The check varieties used by TARI 
are Taichung 65 (68-1) and Tainan 3 (69-1 and 69-II), and those used by the Chiayi AES 
are Tainan 5 (67-II, 68-1, 68-II, 69-1 Band 69-II B), Taichung 180 (69-1 A and 69-II A) 
and Taichung Native 1 (69-1 C and 69"II C). 



Of the aforesaid Fl crosses, a con
siderable number have shown rather high 
levels of hybrid vigor as compared with 
that of the high yielding I?arent eRP), 

or check varieties (CK). The parents 
of these crosses and their actual yields 

'. i:ate -listed as follows: 

Station.1 Crop I season 

TARI 1968-1 

1969-1 

1969-11 ' 

Chiayi* 
AES 

1969-1 

1969-11 

Crosses 

Tainung Line 3xYoshino 1 

Tainung 38xKwangfu 401 

Tainung 60xKwangfu 401 
Kwangfu 401 x Kaohsiung 135 

Aikoku x Taichung 186 

Tainung 60xChianung 242 

55-11-1 xOhianan 8 

55-11-1 x Hualien 18 

Taipei 177xKwangfu 401 

Taichung 178xTaipei 309 

Saturn x 55-II-1 

Hualien 18x Tainan 3 

Hualien 18 x Miaoli 20 

Taichung 187 x Kaohsiung 53 

Aikawax55-II-1 
Tainan 5 x Line 561111 

IR-8xTaichung Native 1 

CP 231 x Taichung Native 1 

Taichung Native 1 x CP 231 

IR-8 x Ti-chueh-min-tang 

IR-8xIR-9-60 

Ti-chueh-min-tang X IR-9-60 

IR-9-60 x Saturn 

* The figure for yield is in grams per plant. 

Yield r Compari~on (%)-

(kg/ha) To HP I To OK 
--------

4,102 31.0 22.9 

4,402 37.5 31.9 

4,075 59.8 22.1 

4,165 41.8 24.8 
4,120 31.3 23,4 

4,196 38.3 25.7 
3,200 23.6 47.7 
3,500 25.0 61.6 
4,666 133.3 115,4 

4,857 102,4 124.2 
4,437 71.0 46.0 
4,326 44.0 42.0 
4,217 38.0 38.0 
4,402 50.0 44.0 
4,560 14.0 50.0 

50.6 46.2 (To MP) 
39.9 35.3 (II) 

40.4 47.5 (,-7 ) 

46.0 67.9 (,-7) 

41.7 35.0 (0') 

37,4 38.0 (0') 

42.4 55.3 (// ) 

26.7 54.3 (Ii') 

Reduction of Hybrid Vigor 

The Chiayi AES has studied - the 

degree of reduced hybrid vigor m the 
F2 generation and the results are as 
follows: 

Crosses I Fl -- _____ I F? 
Yield To MP To CK Yield To MP To CK 

I (g!plant) I (/6 I 96 (g!plant) I °6 ) % / / .. 

Taichung 180 X Fukunishiki 30.5 I 23.4 24.1 33.6 6.3 5.7 
Fukunishiki x Taichung 180 30.2 23.4 24.1 35.5 12.3 11.6 
Line 56102 x Tanikazu 26.7 13.7 7.7 30.5 0.7 -4.1 
Tainan 5 x Hsin-kin-nan-fon 29.0 29.6 2.6 28.5 0.9 -5.6 
Taichung (N) 1xCP 231 37.2 81.8 76.5 30.3 16.6 -6.4 
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The preliminary results as presented 
In the above table indicated that though 
Fl hybrid vigor decreased in the follow
ing generation, but the degree of reduc
tion varied with different crosses. There
fore, the use of hybrid vigor in F2 is 
possible if more screening tests could 
be made. 

The Effect of Cultural Practices on 
the Perform.ance of Hybrid Vigor 

Several field experiments have been 

Crop Spacing (cm) 

season 25 x20 25x 10 

1968-1 - 13.2 7.4 

·II 25.8 3.3 

1969-1 4.6 5.1 

-II 6.2 -9.4 

2. The grain yield variations of hybrids 
of rice under different plant spacings 

conducted at the Chiayi AES and TARI 
to evaluate the influence of cultural 
practices on the expression of hybrid 
VigOr. The summarized results are as 
follows: 

1. Hybrid vlgor observed at the F2 
generation under different treatments 
of plant spacing, number of seedlings 
per hill and fertilization in com
parison with MP in percentage 
(Chiayi AES): 

Seedlings/hill Fertilization 

3.5 

9.2 

4.9 
-5.2 

N-l 

-~-------- -~----.,-------

3 

- 6.3 

18.4 

5.0 

- 10.1 

Light 

3.7 

-6.9 

Heavy 

6.1 

-8.8 

and fertilizer treatments (TARI): 

Unit: kg/ha 

N-2 
Crosses 

25x20 I 25x10 25x20 25x10 

Taichung 65xTainan 3 

Kwangfu 401 x Tainung 38 

Tainan 3 (check) 

1-3,628-- i-----;,709---- 3,208 

3,285 

3,342 

2,736 

3,183 

2,610 
~963 ~137 

3,960 I 3,591 

The experimental results obtained 
at the Chiayi AES showed wide fluctua
tion and it is very difficult to demon
strate the effect of cultural practice on 
the performance of hybrid vigor. 
However, the results of T ARI studies 
indicated that light fertilization either 
in dense or sparse plant spacing is more 
profitable in showing the hybrid vigor 
of rice. 

Method of ~Mass Production of 
Hybrid Seeds 

The use of male sterile line IS, of 
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course, an effective method for mass 
economical production of hybrid seeds 
of rice. The Rice Research Laboratory 
of T ARI is now undertaking research 
work along this line. But, several prob
lems as listed below should be solved 
before any promising male sterile line 
can be practically and profitably used: 

1. The transfer of male sterility 

2. The maintenance of male sterility 

3. The introduction of fertility-restor·· 
ing gene into genic and cytoplasmic 
male sterile lines 



4. The out-crossing problem of male 
sterile line 

Besides using the ma:le sterile line 
to produce Fl hybrid seeds, an attempt 
has also been made to use F 2 hybrids. 
According to preliminary investigation 
conducted at the Chiayi AES, if one 
single seedling of F 1 hybrid after trans
planting is divided and re-transplanted 
at the tillering' stage and the stubbles 
of these re-transplanted rice plants are 
again propagated by the vegetative 
method, each F 1 hybrid seed can produce 
about 635 grams of F2 seeds. This means 

that by this method 100 Fl hybrid 
seeds can produce more than 60 kilograms 
of F 2 seeds. Th~ recommended seeding 
rate for one hectare under the trans
planted condition in Taiwan is about 
40-60 kilograms. Therefore, it is ap
parent that the use of F2 hybrid vigor 
through the vegetative propagation of 
F 1 is not a delicate and time-consuming 
job. If a farmer has only one hectare 
of rice land, it is necessary for him to 
grow only 100 F 1 plants for seed pro
duction. Listed below are the results 
of Chiayi AES preliminary investigation: 

Method of vegetative I Ear1y-~a!uring ILate-~at~ring I indica 
propagation vanetles v~~~etles __ 1 rice Average 

._------

F 2 seeds obtained through 
division method from each n05 177.23 230.07 144.78 
Fl seedling (g) - A 

F2 seeds obtained through 
division and cutting methods 73.49 818.50 577.92 489.97 
from each Fl stubble (g)-B 

A+B 100.54 995.73 807.99 624.75 

F2 seeds obtained directly 
through each Fl seedling 14.25 25.20 27.50 22.32 
(g)-CK 

Increased amount of F 2 seeds 
t?rough vegetative propaga- 86.29 970.53 780.49 612.43 
tlOn (g) 

Percentage of increase 505.54 3,851.31 2,838.15 2,743.86 
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