THE UTILIZATION OF X RAY RADIATION FOR
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Introductlon

Rice is the main staple food crop of the 1s1and of Ta1wan Roughly, close to
2 m1llxon tons of brown rice are produced to sustain a population of 10 million
‘ vnth an mcrease of populatron of 359 annually, one of- the i
1d, ‘the populatlon pressure is keenly felt recently. It is
estimated t at,by 1980, twenty years henceforth the population of Taiwan would
be doubled By then food wor

In order to try to subpo
land, the government is building m

a hard-pressed problem

ulat:on w1th a hrmted arable
ind reservoirs and taggmg under-
ddy fields for rice production and to
facilitate better irrigation for greater. yield. per. unit area.

- sue

ground water so as to have’'m

In view. of the fact that the feas1b111ty for expansion-of arable

of arable land would have to be resorted to on the one hand, and perhaps: checking :
the population increase would be more effective in easing up the pressure on the
other. We have to solve the problem from both ends.

Increase in production per unit area may be tackled from many angles, such
etter cultural methods, control of pests and diseases, better ‘varieties and
t ot. Tt seems that 1mprovement of var1et1es ¢an play a major role 1n

reachmg th:s ultxmate goal

‘ There are two ma]or types of paddy rice grown on tlns 1sland namely, the
Japomca and the Indica types. The former is more erect in habit and is grown
in more fertile paddy ﬁelds However, it is more susceptible to blast disease of -
rice, Piricularia oryzae Cav. Roughly, the Japomca type occuples 60% of the
total rice acreage. Whereas the Indica type is typ1ﬁed by havmg weak straw,
thus it lodges badly. However, it has a wider adaptab:hty than the Japomca
type and it occupies about 40/ of the total r1ce acreage
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limited in extent, then increase in production per unit area on the ‘same mﬁum: G
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In ‘majority of the rice growinyg‘ districts wherever irrigation is available,
two crops of rice can be grown Withina year. “The first crop is grown in the
‘spring, whereas ‘the second crop is grown m the fall. - In fact, within the course
of a year, besides these two crops of r1ce, at leastw;one oF. two_ other,ca.tch crops

such as:soybean, Wheat barley, green manure_ cro
Since V=] Day, several new Trice varieties, mniostly. Japomca types /
developed by different experiment stat1ons The conventional method of breed g

d_what not are grown

was used. Since Gustafsson (1947) set a ‘good’ example in getting erectoides and
early maturmg strains from X-ray irradiated barley seeds, we started in 1957
the same type of work using rice as our experimental material. Our aims
were: ‘ '
) 1. ‘To obtain erectoides type whrch is lodge resistant so that heavier fer-
tilizer can be applied, especxally mtrogenous fertlhzer, so as to obtain a higher
yield. (Land is 11m1ted and mtxogen can be obtamed unhmrted from air).

2 Early«maturmg types so that mulu-croppmg, system can be better man-

aged e [
k 3 Dlsease resrstant types such as remstant to r1ce,
The results are hereby bneﬂy reported B

Materlal and Methods

The following varieties were used in the experiment:

Japonica varieties: Taichung No. 65 and Chianan No. 8.,
First-crop Indica varieties: Liu-chou, Pai-mi-fen and Taichung Native No. 1.
Second-crop Indica varieties: Min-tang, Chin-kuo-chan, Shuang-chiang and

: Keh-tze.
Mainland Ind1ca variety: . - Nan-teh-hau.

The dosages of X-ray radiation used in this experlment are shown in Table 1.
The dosages of X-ray radiation in Roentgens were only estimated figures.
No . attempts therefore Were bemg tried to study the effects of varying dosages
of X -ray rad1at1on
- Head selectxon was practised in X1 generatlon In the X, generation, however
plant selectmn was done in the head TOWS. Erecto1des, early- matunng plants,

plants with large panicles, plants with. profused tlllermg, non-shattermg types,
etc. were selected. Unfortunately, X, plants were raised w1thout 1s01at10n Some
‘ segregates from natural crossmg were discarded altogether.

In the X3 generatron, plants so selected were planted in plant Tows. At k
deﬁmte intervals, the or1g1na1 var1et1es were planted as check rows. © At maturity,
those lines showing no further segrega’uon were harvested and weighed.

The yield tests of the selected lines were done after X,. Randomized blocks
were used with one replication. Those lines outyielded the original varieties
were further selected as “promising lines.”
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toward heavy fertilization. Levels
3%3 Latin square split plots

romxsmg hnes” Were testéd fti/rt,;
i zor apphcatlon dre shown in T
ere used for testing.

" Table 1. Varieties used and their X-ray treéitinent S

Dosage of X-ray -
Varieties S -
- Dormant seeds * Water-soaked seeds-
v V " - SESRE £t S
Taichung No. 65 ; 20 25 30 : 5.5
Chianan No.8 20 25 30 .
h Pai-mi- fen* I ' . 20 25 30 i 0
Tiwehow* | 20 2 30 10
“Taichung Native No 0 s 30 :
Min-tang** ) 15 20 25 30
* Ching-kuo-chan** 15 20 25 30
Shuang-chiang** 15 200 25 30
Keh-tze** 15 20 2530
Nan-teh-hau* 15 20 25 30

A * First-crop Indica varieties.
**  Second-crop Indica varieties.
. Those without stars are Japonica varieties,

bl’e‘;2. . Levels of ,fea;t’ilizgr_application in the fertilizer response test.

Levels N | PO KO
kg/ha kg/ha] - kg/ha
. s docivad (1) 100 50 50
or mutant lines derive :
from Japonica varieties (2) 150 y % ‘75
(3) 200 . 100 g 100
= . q q (1) 33 .. 165 165
or mutant lines derive .
from Indica varieties (2) 66 33 33
: (3) | 100 50 50

‘Experimental Results

The progress of selectmn in X; to X; genera‘uon is shown in Table 3 andi:
the grain yields of the “promising lmes are shown 1n Table 4. :

"From ‘Table 4, it can be seen that there were two erecto1des hnes selected
from Ta1chung No. 65 which outyielded their original variety. The early-maturing
lines were about 57 days earlier in heading.- In some selected. lines, even though
thé phenotypic appearanée had no apparerit difference from that of ‘their oi‘iginal
var1et1es, yet they outylelded them. These lines were termed “high- yleldmg
lines.  Most of the more promlsmg lines- were derived either from Talchung‘
No. 65 or from Liu-chou. Mutant lines denved from  other:varieties other than:




Table 3. The progress of selection frdm,Xl to X; kgeneration‘

were mostly retrogresswe in nature and were subsequently dlscarded. '
autant. line derived from Lm-chou outyxelded Liu-chou by more than 30%.
This was rather remarkable.

Original varieties plelxj:s' erS,ed plarlxqtg. I%fised planIt\Isoee(ifected lingso}a?ifsed llnel‘;I %el%fcted .
'57T*  |r57q1| 's8 1 |/5711| '58 1 | '581| '58 II | '581 | 58 I
Taichung No. 65 3,428 12,168 126 123
Chianan No. 8 1,613 2,090 20 16 4
Pai-mi-fen 1,002 |14476] 82,678 45 204 24 297 3 50
Liu-chou 2,038 |15562] 55749 75 208 67| 206 14 20
Taicf\}g_ni{ Native 902 16,680 o 77 0
Nan-teh-hau 2,366 69,402 168 163 31
Total 13,339 |30,038 238767 120 893 91 882 17 - 131

17

* '57 I lst crop 1957 157 11=2nd crop 1957, and so on.

Tab1e4 Gram yields in indices of “promising lines” selected from yleld tests

Index (original vanety-—l@!))

Serial No. . Mutant type
‘2nd erop 1958 : ‘lst crop 1959
T 55-14- 8 Erectoides 123.0
T 55-19-23 Erectoides 117.3
T 55- 9-26 High-yielding 118.6
T 5.5-16-22 High-yielding 116.9
T 5.5-23-23 High-yielding ’ 1194
L 10~ 4- 4 Early-maturing - 1148
L 10- 1-3 High-yielding - 103.3
L.10-3-1 High-yielding 116.2
L1074~ 1 High-yielding 102.2
L 20-2-2 High-yielding +107.1
L 20-2-5 High-yielding 1134
L 20-6-1 High-yielding 1085
L 25-25-10 High-yielding 125.7
C L 25-25-16 High-yielding 1323
L 30-16- 1 High-yielding 1224
L 30-21- 2 High-yielding 102.7\ f
L. 30=21-20 ‘High-yielding 106.8
L:30-10- 4 High.yielding 106.8
Notes: (1) The T-lines were derived from Taichung No. 65.

(2) The L-lines were derived from Liu-chou.

‘“V e
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The grain yields in indices of promising lines in the fertilizer response test
are shown in Table 5.

Table 5. Grain yields in indices of some promising lines in
fertilizer response tests
(vield of original variety from check plot=100)

Levels of fertilizer treatment**
Serial No. Mutant type 1st crop 1959 2nd crop 1959
(1) (2) (3) (1) (2) (3)
CK; (Taichung No. 65) 100.0 103.1 85.2 100.0 93.6 864
T 30-2* Erectoides 88.7 88.3 779
T 5.5-14-8 Erectoides 92.7 99.8 88.2
T 5.5-19-23 Erectoides 94.3 88.7 86.8
T 5.5-11* Large-panicled | 104.8 101.5 974 103.8 99.8 76.1
T b.5-12* Large-panicled | 111.1 104.0 96.8 93.9 92.2 92.2
T 5.5-40* Large-panicled | 106.2 106.2 88.9 94.4 86.6 73.7
T 5.5-53* Large-panicled | 107.7 102.9 89.5 97.2 89.2 79.7
T 55-10* High-yielding 107.3 98.7 75.6 91.2 775 794
T 5.5-22* High-yielding 109.9 101.3 80.1 86.8 83.7 944
T 55-24* High-yielding | 100.4 101.8 82.3 91.7 974 94.6
T 55-33* High-yielding 106.0 99.6 94.4 94.6 97.7 773
T 55- 9-26 High-yielding 1016 | 823 | 809
T 5.5-16-22 High-yielding 96.0 92.7 89.4
T 55-23-23 R High-yielding 100.0 78.7 99.5
T 55-29- 7 High-yielding 944 98.1 92.0
CK; (Chianan No. 8) 100.0 93.5 92.9
C 25-15 Early-maturing 90.9 61.6 71.8
CK;s (Liu-chou) 100.0 775 68.4 100.0 102.9 93.5
L 25-86* Erectoides 93.8 94.1 86.2
I 25-87* Erectoides 102.0 97.6 97.6
L 25-88* Erectoides 91.7 97.0 90.9
L 10- 4- 4 Early-maturing, 92.6 89.0 68.9 115.6 107.3 91.8
L 20-24* Multi-branched 104.1 101.2 111.4
L 20-25* Multi-branched| 100.6 947 87.9
L 20-26* Multi-branched 110.3 109.7 114.1
L 10-1-3 High-yielding 113.2 1015 88.7 1141 107.3 99.4
L 10- 3-1 High-yielding 87.3 94.1 934 128.8 114.1 119.1
L 10-4-1 High-yielding 94.6 85.3 80.9 110.3 99.7 110.3
L 20-2-2 High-yielding 114.5 90.9 775 1285 111.2 114.7
L 20- 2-5 High-yielding 91.2 855 54.7 116.8 116.2 1126
L 20-6-1 High-yielding 117.4 1181 104.7 1121 122.3 110.9
L 25-25-10 High-yielding 91.4 100.5 98.1 1235 120.3 117.9
L 25-25-16 High-yielding 99.0 88.2 70.1 122.6 114.4 126.8
L 30-10- 4 High-yielding | 100.0 86.0 80.4 1129 116.2 122.6
L 30-16-1 High-yielding 85.0 90.2 93.4 123.2 126.1 122.6
L 30-21- 2 High-yielding | 115.2 103.7 108 3 103.8 109.7 96.5
L 30-21-20 High-yielding | 102.2 115.7 924 99.1 112.1 105.3

* These lines were all selected directly from the plant-row test of Xs.
**  For details see Table 2.

The levels of fertilizer treatment as mentioned in Table 5 were shown in
Table 2. Level (1) was the standard level of fertilization and could be used as
basis of comparison with other levels.

As can be seen from Table 5 there was seasonal variation in productivity
from the same mutant line. Taking for instance, those mutant lines derived
from Liu-chou, L 30-21-2 and L 30-21-20, outyielded their original variety in
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the first crop, but did not do so in the second crop. On the other hand, those
mutant lines as L 10-4-4, L 10-3-1, L 10-4-1, L 20-2-5, L 25-25-10, L. 25-25-16,
L 30-10-4 and L 30-16-1 did outyield their original variety in the second crop
even though they failed to do so in the first crop. It is remarkable to note
that mutant lines L 10-1-3, L 20-2-2 and L 20-6-1 outyielded their original
variety in both crops.

Most of the miutant lines derived from Taichung No. 65, a Japonica type,
did outyield their original variety in the first crop but failed to do so in the
second crop. It seemed to indicate that among the mutant lines, there were in
existence already the so-called “season ecotype.”

The erectoides (Fig. 1) derived from either the Japonica variety Taichung
No. 65 or from the Indica variety Liu-chou, did not respond to heavy fertilization.
There seemed to have no explanation for the non-responsiveness to heavy fer-
tilization for the erectoides of Japonica type. But for the Indica type, all the
erectoides were susceptible to sheath rot (Acrocylindrium oryzae SAWADA).
Perhaps, this alone could acount for their non-responsiveness.

Fig. 1. Erectoides lines in the experimental field (X, material)

In the “early” mutant lines, the one derived from Liu-chou, L 10-4-4, did
not fare so well in the first crop, but responded fairly well in the second crop.
However, the “early” line derived from Chianan No. 8, C 25-15, yielded fairly
well in standard fertilizer, but very poorly under heavier fertilization.

Mutant lines ‘such as “large-panicled,” “multi-branched” and others were
also selected and their respective responses to fertilization were also being tried
out. Since these yield tests for all these mutant lines were all preliminary

&




~in nature that nothing can be concluded from them. ,
. 'The Indica varieties as a rule suffer badly from shattering. Three mutanf :
" lines were obtained which would be classified as non-shattering in characte’r; ‘
These mutants of course are good parents for eventual cross breeding work to -

be done later.

Discussion

Gustafsson (1947) of Sweden was the first pioneer worker to obtain positive k
results in plant breeding by the use of X.ray radiation. Of his mu‘tagfgilines in
barley induced by X-ray irradiation such as erectoides, early- matiiring, high
protein, dlsease-resxstant, mention should be made of the erectoides which could
respond excellently to heavy dressing of nitrogenous fertilizers. More recently,
~ Stubbe (1958) used X- -rays on barley seeds and obtained more or less the same
yresultS' as those obtained by Gustafsson. In rice, Mashima and Kawai (1958) by
“the use of P obtained mutant lines such as were characterized by short-culmed,

long-panicled, dense-panicled. The yields of these mutant lines were comparable
to that of the original variety. ‘

In our expemment with X:ray 1rrad1at10n on dormant or ‘watersoaked seeds
of rice of both Japomca and Indlca vanetles mutant hnes as. erectmdes, early-
maturing, hlgh-yle
bear out the fact that erectoxdes would respond favorably to heavy mtrogenous
feruhzer Yet these mutant hnes would serve very favorably as parents mf

regardmg ‘their ability to react to heavy fert1hty
At least one of the early-maturing lines of the Indlca type y1e1ded favora‘b .
in response to heavy fertilization in the second crop as compared to its original

» ’variety This indicates that in a multi-cropping agriculture, early-maturing

would ‘*"play an important role in contributing toward the success of ‘such a
system. ; :

Seeds of the' Japonica variety, Taichung No. 65, being sent to Brookhaven
National Laboratories of U.S.A., were treated by thermal neutrons. The X,
and X; plants were grown in a re'gion‘with natural rice blast “epidcm'ic.”‘ Some
lines were picked out to be rather resistant. This work is still in progress.

Summary

X-ray radiation was used to produce mutant lines in rice such- as erectoides,
early-maturing, rice-blast-resistant and other types in 1957. ' Varying dosages: of
X.ray radiation were being used on 10 varieties of rice belonging to both Japonica
and Indica types. Comparative test was done with the original varieties ‘in the
X, generation. Fertilizer response tests were done in later generations.
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Erectoides were found, but they did not raspond favorably to heavy fertility.
Some early-maturing mutant lines vielded comparable to or better than their
original varieties. Many “high-yielding lines” outyielded their original varieties
in either or both of the first and the second crops. It was interesting that
three non-shattering mutant lines were found in one of the X-ray-treated Indica
varieties. ‘Tasting and selection of mutant lines resistant to rice blast disease
have been in progress since the spring of 1959. Further fertilizer response
tests for the mutant lines will be carried out in the future to evaluate their
potentiality.
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