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Mutation breeding work in rice at the Agricultural Research 

Division, PARC, PAEC is a continuining endeavor to improve further the 

varieties developed by the International Rice Research Institute and 

the U.P. College of Agriculture, The major objectives are: (l) to 

improve the yield; (2) to reduce maturity and height; (3) to improve 

tillering capacity; (k) to improve disease resistance; and (5) to 

increase protein content. 

None of the sixteen iraproved-plant-type mutants from fast-neutron-

irradiation of IR20 outyielded the original variety. 

Preliminary tests of mutants from thermal-neutron irradiation of 

C4-63G showed at least two lines yielding, as well as original variety 

in spite of the reduction of maturity by 12 and 13 days, respectively. 

Gamma irradiation of Intan and Bengawan resulted in the selection 

of 19 lines for Intan and 9 lines for Bengawan in the Mg generation. 

The Intan mutants have desirably produced reduced plant height and 

grains longer than the original variety; however, the desired elimina

tion photoperiod sensitivity was not obtained. The Bengawan mutants, 

likewise were still photoperiod sensa ̂  ive although they have reduced 

heights. Unfortunately culm diameter was also reduced. 

The Azmil mutants have reduced plant height and slightly improved 

tillering capacity. 

Work on IR747 B 2, IR156l-228-3t IR29 and a sister line of IR36 are 

still in the initial stage. This is also true with reciprocal crosses 
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between Azmil x IKL561-228-3 whose F seeds that were irradiated with 

gamma rays to increase frequency of genetic recombination in the F 

generation* 

A putative mutant for increased protein content has been identi

fied in the advanced generation of irradiated IR20. 

A tungro-resistant version of the Philippines-Seed-Board-orecommen-

ded PARC-2 has been developed through selection and screening* 
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INTRODUCTION 

The use of induced mutation an accepted tool in plant breeding, 

has vast potentials and have to be explored further, either in the area 

of creating genetic variability for disease resistance or in the improve

ment of the nutritive value of crops. This is not to mention the poten

tial of directly developing new crop varieties* 

The first to report induced mutation in rice using X-irradiation 

was Ichijima. This led to many plant breeders utilizing mutation for 

rice improvement. The breakthrough came with the development of 

"Reimei" (2) -one of the highest-yielding rice varieties in Japan 

which resulted from a mutant, isolated after gamma irradiation. This 

mutant variety succeeded in competition with rice varieties resulting 

from some of the moot intensive conventional breeding efforts. In the 

recent past, several rice mutants have been reported in different 

countries (2, 3« *>). The Philippine Atomic Energy Commission's PARC-2-2 

and "Milagrosa" mutants are well known examples. Although several 

mutants were isolated from the gamma irradiation of IR8-68, only 

PARC-2-2 has successfully competed with the strains developed by the 

International Rice Research Institute, the U.P, College of Agriculture, 

The Bureau of Plant Industry and other participating agencies in the 

breeding effort on rice. This success has encouraged irradiation of 

new rice varieties developed by the International Rice Research 

Institute and the U.P. College of Agriculture in the hope of improving 
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further these varieties. 

The major objectives are: (l) to improve the yield, (2) to reduce 

maturity and height, (3) to improve tillering capacity, ih) to improve 

disease resistance and (5) to increase protein content. 

MATERIALS AND METHODS 

The mutation breeding work in rice at the Agricultural Research 

Division, PARC, PABC, is a continuing endeavor and the choice of 

varieties for the induction of mutation depends on the best available 

Variety at the time. Varieties like Intan, Bengawan and Audi have 

been worked on in spite of their being not the best varieties due to 

some special considerations. 

The seed materials used in the irradiation work were breeders' 

seeds requested from the stocks at the U.P. College of Agriculture at 

Los Bagos and at the International Rice Research Institute, also at 

Los Baftos, Laguna. At least 200 seeds placed in ccin envelopes were 

used in each treatment. 

The seeds were sown in seed boxes immediately after irradiation. 

The dosage used ranged from 0 to 60 Kr for gamma rays irradiation and 

the equivalent of from 0 to it000 r for thermal and fast neutrons (SNIF). 

Data on percentage germination, percentage survival 21 days after seeding, 

and height of the seedlings were taken. 

The seedlings were transplanted to the field 21 days after seeding. 

The moment the plants started to flower, bagging was done on the first 
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two panicles that emerged. 

The harvested seeds were again planted individually as M_ plants 

in pedigree rows. At least 50-60 plants were planted per plant-selec

tion for the lines with enough seeds. 

Chlorophyll mutations were noted in the M_ seedlings and days to 

50$ heading were also noted in all plantings* Identification of bene

ficial mutants was also done in the FL generation. 

Selection was done on an individual jlant basis , and continued in 

the later generations until the plants were more or less uniform, after 

which preliminary yield trial and protein analysis were conducted. The 

superior lines were again tested for confirmation. The segregating 

materials were planted for further observation. 

In all the plantings, the rate of fertilizer applied was 120-20-

20 per hectare. 

The work on IR20, Cif_63Gf In tan and Bengawan, Azmil and the newer 

varieties was started in 1970, 1971, 1972, 1973 and 1976 respectively. 

It was accelarated only after the termination of the work on IR8 and 

"Milagrosa" in 1973. 

Whenever desirable and possible, screenings for resistance to 

major diseases such as tungro, blast and blight diseases were conducted, 

mainly at the International Kice Research Institute and the U.P. College 

of Agriculture. 
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RESULTS AND DISCUSSION 

The result of the confirmatory test conducted after the preliminary 

trial in the M gBnoration of IH20 irradiated with first neutrons is 

shown in Table 1. Of the sixteen mutants tested, only one gave a yield 

higher that that of the original IR20, although there was no significant 

difference, among the top ten mutants entered. The average productive 

tillers ranged from 13.9 to 17.8. The mutant line with the highest 

number of productive tillers was not one of the top five highest yielders 

indicating the involvement of other yield components. The average 

height ranged from 86.7 to 98.7. ^he tallest mutant was higher by 

10 cm compared to the original IR20. 'The days to 50$ heading ranges 

from 99.7 for IR20 to 112.3 for the mutant lines. The earliest mutant 

headed in 101.7 days from sowing compared to 99.7 days for IR20, a 

difference of two days, while the late mutant had a difference of 

about 13 days. 

Confirmatory planting of seventeen IR20 mutant lines with improved 

protein content was also done last December 29, 1975. Only eleven lines, 

however, were transplanted due to poor germination of the other lines. 

The preliminary test of the mutants of Cif-63G isolated in the 

thermal neutrons irradiation is shown in Table 2. Two mutant lines 

yielded higher than the original Ct-63G, The top yielding mutant was 

higher in both the 1000 grain-weight and productive tillers compared 

to the original variety. All the mutants were earlier in maturity by 
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as much as 12 days* The mutants, however, were susceptible to bacterial 

leaf blight under field conditions* 

Table 3a and 3b show the data taken during the seedling stage, 

The number of plants selected, and the range in days to 50$ heading in 

both Intan and Bengawan* As can be seen, the early stage of germination 

was not inhibited by doses up to kO Kr in Intan and up to 50 Kr in 

Bengawan* Perceptible inhibition was noted only in Intan at 50 Kr but 

not for Bengawan* 

On the bases of seedling height, both Intan and Bengawan did not 

suffer severe reduction up to 50 Kr. This is similar to the result 

reported by Viado, et al. in IR8-228-3. 

On survival of the seedlings to 21 days, Intan showed only 35»7# 

survival at 50 Kr whil; Bengawan had a high percentage survival of 55*7#» 

The observation en chlorophyll nutation (Table 3b) showed that 

albina were the predominant mutant types although viridis were also 

noted in both varieties* Striata was noted only in Bengawan. 

In the M generation, out of the 130 plants selected from Intan 

and 113 from Bengawar , only 16 and 3 plants were selected, respectively, 

in both varieties as l \ generation. At present, 19 Mg lines in Intan 

and 9 in Bengawan planned last January 28, 1976 are being further 

observed. 

The mutants in Intf.Ji are much shorter and have longer grains than 

the original variety but there was no definite change Jn maturity* For 

Bengawan, the mutants have no direct prospect to be approved as new 

varieties* Instead, they can be sources of genea for short height. 
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However, culm diameter was also reduced and this could be an objection

able feature* 

Table ka and kb show the data taken during the seedling stage and 

other observations in the M to Mi generations of Azmil irradiated with 

gamma rays. As car. be seen, the early stage of germination was not 

inhibited up to 30 Kr. No survival, however, was noted after *K) Kr, 

The chlorophyll mutations can be seen in Table kb. The most predominant 

types were albina, striata and to a lesser extent ''iridis and alboviridis. 

From the original ^50 lines selected in the JL generation, 77 were 

selected as M, plant-lines. This was further cut down to 66 lines iu the 

Mj, generation. From this number, *f5 were planted as M5 last January 28, 

1976 for further observation. The mutants induced in this variety have 

very much reduced plant height and improved tillering capacity. 

Work on the other varieties like JB7k7B2l IKL56l-228-3f IR29 and a 

sister line of IR36 are still in the initial stage. This is also true 

with the reciprocal crosses of Azmil x IR7V7B2, Azmil x CV63G, Azmil x 

IR1561-228-3 whose F, seeds were irradiated with gamma rays to increase 

frequency of genetic recombination in the Fg generation. 

One putative high-protein IR20 mutant was identified in the screening 

of ikS IR20 advanced generation lines grown in three field replications. 

The alleged increase was from 12.556 to l*f.8#. 

A tungro-resistant PARC-2 has been developed through screening and 

selection. The original PARC-2 has about the same level of tungro resis

tance as Ct-63Q and IR20. 
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CONCLUSION AND RECOMMENDATION 

Based on the short experience we have in mutation breeding, it is 

definite that reduction in height and maturity are atta£a*^l« objectives 

without necessarily reducing grain yield* Inducing mutation for resis

tance to certain diseases appears to be a reasonable activity in muta

tion breeding. However, there is no ass1 trance of keeping the resistance 

indefinitely. This is true of all types of resistance. 

It has been successfully demonstrated by Japanese nutation 

breeders that mutations for increased protein content could be induced. 

Tentative results in these studies indicate possibilities of succeeding 

in increasing the protein content of the very desirable IR20 by about 

2*. 



PABC (D) 76028 
Page 10 

Table 1. Summary of results on the confirmatory yield test after the 

preliminary trial of the H, mutants from fast neutron/; 

irradiation of IR20. March, 1975-

Grain yield:Statis :Average :̂ ays to :Average 
tons/ha. :tical :produc- : 50# :height 

:Signi- :tive : Heading :in cm. 
:ficance :tillers : : 

JNAj-lO-5-l-x-x 6.7^ Ik.k 107.0 93.2 
IR20 (Original 

variety) 6.67 16.9 99.7 89.0 
IH^-lO-8-l-x-x 6.k5 15.5 112.3 95.0 
FRk^U-k-Z-x-x 6.M* 16.1 101.7 97.0 
FT»Â -10-3-l-x-x 6.37 16.7 105.7 9̂ .6 
FNAx-V3-l-x-x 6.35 16.6 108.7 86.7 
IWA1-7-5-3-x-x 6.Hf 15.8 106.7 9* 
iNA1-l-l-l-x-x 6.08 13.9 106.0 95.3 
1^-8-7-2-x-x 6.00 17.8 107.3 9̂ .5 
PtIA2-12-'f-l-x-x 5.97 17.3 107.0 91.83 
IWA2-12-3-2-x-x 5.^5 15.3 103.7 91.6 
StJA2-ll-if-3-x-x 5.^5 15.8 111.3 95.7 
rNAx-4-l-2-x-x 5.to 17.8 107.7 9C.1 
IHAj-7-o-l-x-x 5.38 15.2 107.3 92 
CTJA2-HJf-l-x-x 5.36 16.1 1U.3 96.7 
IWA^-l-7-3-x-x 5.35 16.6 106.3 98.7 
yNA2-12-3-l-x-x 5.16 16.7 108.0 97.93 

C.v. = 8.86* 
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Table 2. Summary of results on preliminary yield trial of H™ mutants 

from Ck-$*f* irradiated with thermal neutrons seeded: 

January 9» 1975* 

ENTRIES 
:drain 
:yield 
:tons/ha* 

: ̂  of1 : 
:Control: 
• • 
• • 

wi. of :Produc-
1000 grain :tive 
(Km) : Tillers 

:Days 
t 50% 
:Heading 

:^eight 
: in cm. 
;: 

TNCJ-22-3-4-2-1-X k.k8 109.79 25.9 13.1 89.8 102.0 

TOC1-22-5-3-2-x-x k.k5 109,19 21.6 14.4 88.5 110.8 

C*»-63G ^.33 100.00 25.^ 12.6 101.0 101.6 

BiC^-O-W-l-l 4.3? 99.47 26.1 12.1 87.3 101.9 
TNC1-22-3-3-l-l-x 4.23 92.39 22.8 13.7 86.3 101.0 

TN^-21 -33-3-2-x M3 84.79 18.5 11.6 83.5 116.0 

TNC1-22-3-3-3-3-x *f. 12 84,11 9.0 4.0 88.3 105.8 
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Table 3a* Early radiation effects of gamma rays on the growth of 

Intan and Bengawan (Based on 30 seedlings per dose level) 

seeded: June 28, 1972. 

: sHt. in cm. : jtf Survival to" 
Dose : % :12 days after: 21 days after 
(krad);Germiaation:seeding : seeding 

VARIETY 

Intan 

Bengawan 

0 77.8 1^.4 95.3 
10 78.0 14.1 93.4 

20 7̂ .6 13.5 92.8 

30 66.0 11.2 91.8 

40 64.8 7.6 74.5 

50 48.6 2.8 35.7 

0 78.0 20.4 100 
10 72.6 20.1 98.7 

20 68.9 17.5 98.1 

30 68.8 15.1 92.2 

40 68.8 9.2 81.9 
50 55.4 4.6 55.7 
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Table 3b. Summary of chlorophyll mutations, number of plants selected 

and range in days to 50% heading of Intan and Bengawan 

irradiated with gamma rays. 

JM_ chloro-: No. of M_:Range in:No. of M_; 
. Dose : phyll : plants :days to :plants 
:(krad):mutations : selected : 50% :selected 

: : (seeded: :Beading :(seeded: 
: t 6/25/73): :l/l7/74) 

Range in 
days to 
50* 
Heading 

VARIETY 

Intan 

Bengawan 

0 - - 134.5 
10 albino 60 127-139 
20 - 9 132-137 
30 albino 

viridis 
albovi-
ridis 

42 126-140 

40 albino 
viridis 

16 12^-134 

50 albino 3 -

0 - - 125 
10 albino 

viridis 
*> 122-156 

20 albino 34 120-156 

30 albino 23 126-137 
40 albino 

striata 
13 119-134 

10 

115-152 
109-128 

114-135 

137 

156-162 

50 albino 120 
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Table *te. Early radiation effects of gamma rays on the growth 01 
Azmil. (Based on 30 seedlings per dose level) seeded: 
23 October 1973. 

:Dosage : :Ht. in cm. 
VARIETY *levels i % il2 days after: 

i (krad) termination: seeding 
Survival to 
21 days after 

seeding 
AZMIL 0 9^.5 8.7 92.5 

10 91.0 7.75 90.0 

20 91.0 SM 90.0 

30 91.5 4.99 81.0 

ko 89.5 2.78 43.0 

50 85.5 - -

60 76.0 _ a . 
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Table *tb. Summary of chlorophyll mutations, number of plants selected, 

and range in days to 50$ heading of Azmil irradiated with 

gamma rays. 

:No. of IL 
°ose :plants 
(krad) :(seeded: :6A7/W 

i- :Range iis:No. of M,:Range in:No. of M. :Hange in 
:days to :plants :days to :plants :days to 
• 50# reelected : 5C# :selected : 5056 
Heading :(seeded: :Heading :(seeded: :Heading 

tl/23/75) : :8A3/?5) : 

0 m* - 113-UA - 97-101 - 97-103 

10 160 albino 
v i r id i s 
s t r i a t a 
alboviridis 

98-119 22 82-101 13 89-1U 

20 153 albino 
vir j dis 
s t r i a t a 
alboviridis 

98-121 38 82-102 *8 9^-105 

30 137 albino 
s t r i a t a 

93-121 17 88-109 5 109-111 

to - - - - - - -

50 - - - - - mm -

60 — — - - — * • — 
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Appendix: List of released or approved varieties produaed with 
induced mutations or having induced mutations in their 
background. In: FAQ/IAEA, Induced Mutations and Plant 
Improvement. (Proc. Panel Series. Vienna. 1972T"lAEA, 
Vienna, "pp. 526-5^. 
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