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In the early days, breeding by induced mutation of rice by irradiation was
seldom attempted in Taiwan simply because that the frequency of favorable
mutations obtained was too low to encourage any attempt for a trial. Owing
to the growth of ‘population inyVTaiwan, the conventional method of breeding :

'seems to be rather limited in its effectiveness to cope with this population

pressure so that ariy,other possible method of breeding should  be  studied.
The success of using radiation to induce favorable mutations in barley
( Gustzifsson, 1953;1960) and peanuts (Gregory, 1955; 1957) opened up a new path
in the methodology of plant breeding. In 1955, the Agricultural Research Institute
of Taiwan and ‘the Taichung District: Agricultural Improvement Station started-
several projects of induced mutation of rice under the sponsorship of the Siho-‘
American Joint Commission for Rural Reconstruction. However, up to the
present no commercial 'variety ever came out from induced mutation breeding ~
by that station.  In 1957, we also ‘started a cooperatlve pro;ect on rice

ylmprovement by irradiation. In the first year, ten varieties were treated with

different doses of X-rays in the Union Industral Institute of Taiwan (Hsinchu)
and a number of -promising lines were found after the treatment (Hu ef al., 1962;
Li-et. al, 1962). The following year, a batch of seeds was treated‘ with X-rays

at the University Hospital of National Taiwan University in order to study
the proper dosage of radiation for the practice of radiation-breeding in rice

(Kao et al,1960). In 1‘959 ‘seeds of Taichung 65 (ponlai variety, ]apo’nica)
were sent to Brookhaven National Laboratones, U.S. A, to be treated with
X- rays and gamma rays aiming to produce resistant mutant-lines to rice blast
disease. Again in 1960, batch of four varieties, two ponlai ‘and ‘two native
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(indica) varieties were sent to the same Laboratories to be irradiated with
dosages of X-ray and thermal neutrons.  These four varieties are generally
considered to be high-yielding as well as resistant to rice blast disease. The
common weakness of these varieties nevertheless is that they are rather weak

“in growth and are therefore susceptible to severe lodging after heading.
The aim of this project is: 1), to obtain erectoid type of plants which is =

stiff-strawed -and ‘is responsive to nitrogenous: fertilizer; 2), ‘to obtain early-
maturing strains- which would yield the same or more than their original
variety so that the multiple cropping system of Taiwan can be easily handled;
and 3). to ‘obtain disease resistance ‘strain. = The ponlai varieties should be
resistant - to Piricularia oryzae and the natives ‘to Xauthoriomas oryzae and.
Corticum sasakii. This paper tries to bring the results up to date since 1957.

Materials and Mefhods ’

‘Rice varieties and irradiation dosage used in the experiments are given:in

table 1. The exact dosages of thermal neutrons however could not be estimated,

but were considered to be similar to the dosage of X:rays of 15, 20 and 25 kr;
Most of the breeding work were done at the experimental field of Chung-Hsing
Un’iversitynat Taichung. Panicle selection' 'was practised at Xy generation,
The selected X; panicles ‘'were planted in X, ‘generation in ~head-rows. ~In
the X, generation, selections were made of lines which showed no further
segregation and for comparison, the original varieties ‘were interplanted to be
used as checks. In X, generation selections were based on the performance of

the individual strains. Only those which out-yielded ' the ~originals or strains

were selected. ~ Selected strains showing no further segregations ‘were tested in

the primary yield trials each with one replication. Those which were selected

Table 1. Varie‘z‘ies’us’edf and their ,t?eaz‘ments of irradiations

i - Dosages of 'X~1‘?Y(k1‘ ) |Dosages of Thermal Troated| s i
Varieties b - TWater_ | Deutron (hours) year Sub‘-spe‘mes
” ormapt seeds soaked | Dormant seeds : o
Taichung 65 20, 25, 30| 55 R 1957 | Japonica
_ Ming-tong* . |15, 20, 25, 30| e 1957 | Indica
Ching-kuo-chang* - 15, 20, 25, 30 | e 1957 | Indica -
 Shuang-chiang* 15, 20, 25, 30 | 9 1957 | Indica
Keh-tze* ‘ 15, 20, 25, 30 | 1957 | Indica
 Chianung 242 15, 20, 25 3, 4, 5, 1960 | Juponica
Taichung 179 15, 20, 25 3, 4, s, 1960 | Japanica
Tkung-bau 15, 20, 25 ’ 3, 4, 5, 1960 | Indica
Wu:ko-chin-yu 15, 20, 25 3, 4,5, 1960 Indica -

*:Second ¢iop variety
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from the primary yield trials were further tested in the fertilizer response test,
A 3% 3 Latin Square Split Plots design was used for the testing. The levels of
fertlhzers apphed are listed in table 2. :

Table 2. Levels of fertilizer application in the fertilizer response fests

. . N : P . k .
Sub-species Levels (kg/ha.) (kg/ha.) A (kg/ha.)
: 0 ) 0 0
Japonica mutants 1 80 40 40
) 2 160 80 80
o 0 0o | 0 0
Indica mutants 1 40 20 20
2 80 40 ) 40

Experimental Results

1. 'Fertilizer-response test and regional -test of mutant lines obtained from
" -native varieties.

The four native varieties, Ming-tong, Chmg kuo chang, Shuang-chiang and
Keh-tze were treated with X- -rays in 1957. Since these varieties were short-day -
~plants, they could only be grown in the second crop season (July- November) =
To the X; generation, a total of sixteen mutant lines were selected from the
above four varieties.  From X; to Xy ( 1962—1964) these lines and- their original
varieties were tested for fertilizer response. The amount of fertilizer applica-
tion listed in table 2. The results of this experiment indicated that the erectoid
strains derived from these non-erectoid varieties could stand upright even
when the field was heavily fertilized. The comparison of the yields: of the
mutants to their original varieties (CK) is shown in t,able 3. The yield of the
mutant 'lines was ’g‘enerallyy‘more or less similar to their y(‘)rigin‘ayl' vérieties., It
is noteworthy to note that the erectoid lines descended from the short-day
~varieties lost their photosen51t1v1ty Thus they could be grown in ‘the first
k’,crop season (February- Iuly) when' long-day photoperiod” prevailed. It Would
be of partlcular interest to point out that one of the mutant lines derived
from Shuang-chiang (Sh 30-21) responded well with the apphcatmn of fert111zer '
(table 3); it can be seen that the heavier the ‘dosage of fertilizer applied the
higher was the yield and the difference was found to be signiﬁcant statistically.
The functional ability of this mutant was somewhat similar to the erectoid
mutants which Gustafsson obtained in barley. Some of barley mutant  could
respond excellently to heavy dressing of nitrogenous-fertilizer. The erectoid
mutants'of I-kung-bau and their original strains are shown in Fig. 1L

In order to test the adaptaﬁve and yielding "abilities of the mutants at
different localities, twelve strains were selected to be tested in the regional test
which was held at three different plages in and around Taichurig. Results of this
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Table 3. - Yield: comparison of mutants from native second crop varieties

on fertilizer response test. (1962-64; second crop)

Levels of fertilizer
Mutant lines -
; : 0 1 2
Ming-tong (CK) (3,&13322(3);/}/11&) (3,51)(2)(7)2(7);4 (3,%3221(1)3%
MT. 25-29 104.6 95.5 1024
MT 30-32 102.0 96.5 100.4
Ching-kuo-chang (CK) J (3,(1)ggf2§/°g/ha.) ran g
CKC 15-36 122.0 120.8 1285
CKC 30-33 121.0 137.6 1211
Shusng cane (€6 Rl S S
Sh 20-62, 109.4 100.4 110.0
Sh' 30-21* 103.0 109.3 115.9
Keh-tze (CK) (3,513gg:810</;/ha_) (4,(1)(3)28? (B,éggg%
KT 15-11 106.7 1116 108.4
KT 15-65 100.7 107.9" 108.0
KT 10-42 98.2 101.2 . 988
KT 20-67 110.3 109.4 110.1
KT 20-73 107.5 103.0 102.9
KT 20-74* 87.4 895 86.6
KT 25-31 104.3 104.9 103.2
KT 25-56 98.8 105.9 102.2
KT 30-26 98,1 95.0 102.7
KT 30-28 91.2 96.4 92.0
* erectoid :

regional test are given in table 4. - From this table it can be seen that the
‘yield averages of the two erectoid mutant lines, Sh 30-21 and KT 20-74 were
a little h{gher than that of the erectoid variety Taichung  native 1 which was
‘, uséd as the check. - This latter variety is very high yielding now extensively
cultivated in Taiwan. The other two erectoid mutant lines of IKB 4-1 and
4-2 were derived from I-kung-bau by the thermal neutron treatment, I-kung-
bau is grown originally in the first crop. They seemed to be of good promised
in the second crop also.. The yield of the hybrid line obtained from the cross
Taichung native 1 % Sh 30-21 was the highest:of all (significant at 5% level).
It seems that breeding hybridization with the induced mutants may'be of ‘good
promise in the future. : : o
2 Hybridizatibns of two induced mutants derived from Taichung 65.
The erectoid mutants derived from the ponlai variety Taichung 65 (japonica)
were lodging resistant even if the field was heavily fertilized. ‘Ho‘wever, their
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Table 4. Comparison of the mutants from second crop varieties
at three localities (1964 second crop)

Chung Hsing
Mutant lines : University Er-lin Luc-kon Average
: (Taichung) :
Taichung native 1 (CK) (5,.}3881811/;&&) (7&(2)218)% (6,&1928:85% (6,%2%3)%
KT 15-11 106.0 9.7 83.9 95.2
KT 15-65 ‘ 90.5 103.7 847 93.0
KT 20-67 106.4 102.6 89.3 99.4
KT 20-74* 1174 101.1 90.8 103.0
KT ‘original v 96.7 101.1 80.3 92.7
CKC 30-33 816 58.9 55.1 65.2}
CKC original - ‘ 705 57.4 : 28.8 52.2
IKB 4-1* : 110.0 1010 94.7 .- 1019
IKB 4-2* : 107.7 103.7 103.0 104.8
I-.kung-bau 100.2 S 1) % | 70.4 90.6
Sh'30-21* 109.2 1016 . 89.9 100.2
TN 1xSh 30-21—44-5 113.8 103.1 106.3 1 107.6
*. erectoid

- panicles were smaller than that of the original variety and did not show any
increase in yield over the original variety after they were tried out in the
fertilizer-response experiments. On the other hand, the head type of the large
panicle mutants (over 150 grains per panicle) gave a slightly better yield than
the original variety under heavy fertilization but they were susceptible to
lodging. A combination of these two good mutant types, erectoid mutant and
largeipanicle mutants, by hybridization for the purpose of creating an erectoid
type with a\ large panicle: was ‘made in thé first cropping season of: 1959,
Finally eight lines were selected in the F, generation in the first crop of 1961. -
During the second crop of the same year, a Latin Square Split Plot design
was used to test the fertilizer response of these selected strains together with -
their parents and the:original variety.  The results of the fertilizer test in
the course of three years {6 seasons) are given in table 5. Fig. 2 shows the
panicle size of mutants and their hybrid lines.,  As can be seen in Fig. 3.
variety Taichung 65 and three large panicle mutants tend to lodge at maturity
‘in the double dosed fertilizer plot and erectoid mutant (fifth from the left in
the picture) and their progeny lines would stand erect. The “Studentized
Multiple Range Test” showed that in selected erectoid lines following
hybridzation did not show any significant differerice  from the original in first
crop: season, However, in the second crop season, several selected erectoid lines
of this cross yielded better than than the erectoid mutant of T-65 30-2-9 and
original variety as well as the large panicle mutats..
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Table 5. Yield comparison of mutants of Taichung 65 on- fertilizer
response” test. (2nd crop, 1961 to 1st ‘crop, 1964)

Levels of fertilizer
Mutant lines - first crop 2nd crop
0 i 2 0| 17 ] 2
Taichung 65 (CK)|(y, lsgg g;/g/ha) At (5,%‘1)%9;% (3,5158(1)18)% (3,%3(1)12')% 408835
T 65 30-2-9° 89.8 90.3 94.0 78.4 89.4 88.6
T 65 5.5-22-7 98.9 98.5 95.6 99.2 109.2 - 97.8
T 65 5.5-23-8 103.0 93.4 90.8 101.2 104.3 100.3
T 65 5.5-29-7 101.6 93.5 97.8 | 104.9 111.6 104.6
T 65188 103.4 95.3 97.4 80.8 104.1 - 989
“T 65 120-8 935 93.5 90.6 86.2 97.9 89.2
T 65 184-9 97.9 - . 924 96.1 92.7 105.7 95.6
T 65 189-10 1057 95.4 97.9 93.0 1023 96.2
T 65 234~7 96.2 93.6 93.8 98.8 99.9 93.6
T 65 259-11 100.0 96.4 98.1 847 97.9 91.9
T 65 2884 96.9 922 91.8 80.1 94.4 870
T.65132-11 - | 1045 92.5 89.4 86.7 101.2 102.6

3. Further irradiation work in 1960.

From the results obtained so far, it is known that from the fertilizer-

response test the mutant lines obtained from the polai or native varieties did
not give signiﬁéant, high yield under heavy fertilization except Sh 80-21 (table
3). In addition to this; whenever heavy fertilization; especially nitrogen, is
applied in rice field, rice blast disease Pzrzcularza oryzae and other disease
may become very prevalent. In 1959, Taichung 65 was treated with: X:rays:
: yand gamma rays. ,Over 300,000 single plants of X, were planted in a heavily
infected ‘region for rice blast disease near Taichung. Unfortunately, not a
single plant was selected which would be more resistant than the-original
variety. - In: 1960 Chianung 242 and Talchung 179 and two native wvarieties,
1. kung-bau and Wu-ko-chin-yu grown extensively in Taiwan were again treated
with X-rays and thermal neutrons, A number of erectoid mutant were obtained
from native variety I-kung-bau.  ‘However, no satifactory mutants were found
in the other three varieties irradiated likewise in the expenmental ﬁeld of
Chung Hsing Umversﬂ:y. : , :
‘ From 1962 another portlon of the X, genera’uon of above mentioned four
varletles were planted in the experlmental field ‘of the agr1cu1tural experiment
station Chia-yi which is about 100 km south of Taichung. From table 6, it can
be seen that there are a number of promising lines thatk vielded better than
their respecti've original varieties. Tt'may be mentioned here that the mutant
IKB 15-18 out-yielded it original variety by 35 and 48% in the first and second
crop respectively. Further testing would verify the validity of these results,
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Fig. 1. Erectoid mutants induced from the variety of I-kung-bau.

Fig. 2. Three large-panicle mutats (5.5-22-7, 5.5-23-8, 5.5-29-7) and erectoid
mutant (30-2-9) induced from Taichung 65 with their progeny lines
produced by different combinations of these two mutant tvpes.
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Fig. 3. Three photographs depicting the effects of fertilizer on line Taichung
(far left No. 1), its fourr mutants (2 througe 5 from left 5.5-22-7,
5.5-23-8, 5.5-29-7, 30-2-9), and their eight progenies (18-8, 120-8, 184-9,
189-10, 234,-7, 234-7, 258-11, 288-4 and 132-11). Hpper: without
fertilization; center: single dose; lower: double.
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Table 6.  Comparison of promiSing lines’ yielding capacities, 1964
M : 4 Pirst crop ; Second crbp »
utants - - S
| hetght | tiiers | Yield | [Plant [T of [ yielg

‘ Chianung 242 (CK) 115.7 cm|- 8.9 (5,30011({)2%&) 116.3 cml12.0 (3,67511‘32/;611a;) »

C 242 3-7 1133 8.0 1102 113.3 1.2 107.5

C 242 3-19 115.0 8.9 1075 1111 10.4 107.2

C 24247 113.9 2.9 106.4 1160 | 113 1139

C 242 4-13 1121 91 111.3 111.2 122 1207

C 242 512 - 1181 95 105.7 1158 | 118 1238

C 242 15-5 | 1160 9.4 S117 | 1158 | 105 1148
C22 157 115.1. 10.3. 103.0° | 1064 106 118.0
Taichung 179 (CK) | 1021 91 | (4o60kghay| 1025 | 116 | oo JOO%
T 179 3-1 99.5 112 | 98.4 1062|117 97.4

T 179 3-2 98.0 10.8 931 | 1002 12.4 100.6

T 179 4-10 .103.4 75 9.8 104.7 116 1016

T 179 5-14 106.0 9.2 855 107.4 10.9 91.1

T 179 5-16 1081 | 100 100.8 1085 12,0 95.7

T 179 15-2 10L.0 115 86.2 955 | 126 90.1

T 179 15-3 96.4 7.7 94.8 983 126 96.4

T 179 15-9 1048 8.2 115.3 1037 117 92.8

T 179 20-4 103.1 9.2 1048 | 106.1° 109 97.0

T 179 20-7 99.0 7.8 87.9 101.0 119 1059

T 179 20-14 95.0 9.0 967 | 985 124 1212
T 179 20-16 94.1 8.1 08.4 107.6 12.6 87.9

T 179 20-17 1045 9.3 9.2 | 1088 | 121 1003

T 179 20-20 1008 ° | 7.0 940 | 993 | 101 99.3

T 179 25-2 90.6 11 801 | 994 o122 | 702
T 179 25-5 97.8 9.3 935 1039 | 127 1 1075
T 179 25-7 100.1 9.2 887 | 1025 | 119 862

Lkung-bau (CK) 1166 90 | (3,800 b aa)l 1067 | 121 | 0%

IKB 15-8 106.7. 89 1358 | 1029 | 135 148.0
IKB 25-6 1159 83 1042 103.6 11.8 937

IKB 25-8 1133 - 91 1058 | 1071 118 1400
Wau-ko-chinyu 158 |75 | (4000 Rethay| 1500 | 123 | (g 00

WKCY 3-6 1269 .83 1065 148.4 115 1089

WKCY 3-7 1290 78 985 | 1521 12.2 90.4
. WKCY 15-16 120.4 76 865 | 1531 11 1018

Discussion

“The success of Gustafsson and this cooperators - (1953, 1956, 1959, 1960 and
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1963) used in breeding erectoid barley varieties. by means of radiations and
chemicals is very encouraging. In general, the erectoides is not susceptible to
lodging and it may stand up well in fertile field, or in heavily fertilized field
especially with nitrogenous. Hagberg ef al. (1958) made genetic studies on
erectoid barley; they found various multiple alleles located in twenty-two
different loci. Their erectoids were crossed with the original variety, A simple
Mendelian segregation was obtained with the normal type dominant over the

. erectoides. A pleiotropic effect of compact head was found to be associated
with the decreasing of straw length. In our rice material, the erectoid-dwarf
type of about 80 cm in height can be easily obtained both from the treatments
of X-ray as well as from that of thermal neutron.. When crossed with the
normal plant, the inheritance of this type is readily found to be due to a single
factor difference, the erectoides being recessive. Plants taller than the 80 cm
and shorter than the originals are also frequently found, but they seem to be
controlled by quantitative factors rather than by a single major gene (Sakai
and Suzuki, 1964). The erectoids can be easily isolated, starting from the X
or the N, generation. They cannot compete well with the tall plants and
‘therefore, they usually show poor growth in a mixed stands. In the F, genera-
tion of an erectoid-tall cross, the erectoids appear to be rather small in a
mixed stand, possibly because they suffer from severe competition,

It seems'tha’c changes involving single factor are preferred to those involving
two or more factors. Therefore a single variety may give rise to two or more
different positive mono-factorial mutants from irradiation treatment. Variety

- Taichung 65 provides with the evidences. Mutants with large panicle and
erectoid are obtained. Hybrid population of these two strains gives a di-hybrid
ségregation, while the other characters remain unchanged. Combination of these '
mutations with a variety having the same background seems to be rather easily
done. '

On the contrary, it seems that any a character which is conditioned by
multiple factors will be difficult to be produced by irradiation. The blast
resistance genes are not found in our experiment. Its main cause perhaps, is
that the resistance is conditioned by multiple or complementary factors (Woo,
1965). Thus, even if a single -blast-conditioning gene may be modified to be
positively - favorable, it will still not be enough to make this mutant resistant.
Failure in obtain any resistant mutants to rice blast disease would make a
sharp . contrast to the results obtained by Cooper and Gregory’s (1960) in
finding resistant mutants to leaf spot disease (Cercospora arachidicolar) in
peanuts and to the results of Konzak (1956) in obtaining resistant mutants to
crown rust in oats as well as to the good result of Favret (1960) in getting
resistance to mildew in barley. Their success was based on the.change of
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physiological or biochemical components of ‘the hostal . plant. by-the influence
of irradiation. Since there are different results obtained in different crops which
are  explanable by various theories, so it will - be -unreasonable to make a
: deﬁmte conclusion (Mikaelsen and Aastvelt 1957 ). ‘

Summary

From 1957-1960, twelve different rice var1et1es ( ]apomca and indica) Whlch .
were “cultivated rather expenswely in. Taiwan recently were treated with
different dosages of X-rays, gamma rays or thermal neutrons. Erectoid lines

' seléétedwere found to be able to have significant increase in - yield than their
original variety as being tested in Taichung and Chia- yi.  Some of these
erectoid mutants were subjected to fertilizer-response tested and one erectoid
line Sh 30 21 was found to be very responsive to the ‘application of fertilizer
rather clearly. None of the mutants obtained from Taichung 65 was found to
be more resistant to rice blast disease after a large scale test in X, generation.

Some of the mutant lines were tested in the Island-wide Regional Test as
being sponsored by the Provincial Government Since thest mutants were not
erectoids, they simply could not compete with the erectoid varieties ‘used as '
checks. However, starting from the second crop of 1964, up to the first crop

~of 1965, some of the selected erectoid lines from irradiated native varieties as
well as from source of erectoids selected by hybridizing erectoid mutant lines
with other erectoid varieties were tested out in' the Regional Tests in and
around Taichung. Some did yield significantly higher than the erectoid
varieties used as checks. They seemed to be of good promise. Some of the erectoid
mutants obtaned fronl irradiated'second crop varieties: (native) which were
short-day plants could be grown in the first crop, indicating that they were
no longer sensitive to long-day photoperiodism. e
- By hybridizing the erectoid mutant and the large panicled mutant obtained
from Taichung 65, some hybrid progenies were selected, . which yielded better
than their original variety and their parents. - None of “the early lines was
found to be of any promise so far. k
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