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Abstract

Accession of red rice does not have the traits
of early maturity, drought tolerance and high
yield. Mutation is needed to obtain the desired
genetic resources. Gamma-ray irradiation is
the right method because it was proved capa-
ble of producing hundreds of new varieties,
which are better than the previous. This study
aimed to identify the improvement of early
maturity and drought tolerance of red rice
mutant to gamma ray irradiation results. The
research materials are M4, M5 and M6 strain,
which are derived from the Bangka’s accession
local red rice (Celak Madu, Ruten Puren and
radix). The three accession seed have been
treated with gamma-ray irradiation doses of
150, 200 and 250 Gray. The results showed
gamma ray irradiation dose of 150 Gray and
200 Gray to red rice accession can form a
mutant with the character of harvesting time
less than 115 days after planting and was more
drought tolerant than the previous. M6-GR150-
1-9-13 strain was selected as a candidate for
early maturity, drought tolerant and high yield
mutant.

Introduction

Red rice paddy has nutritional value and
anthocyanin higher than white rice. The
anthocyanin content of local Indonesian red
rice paddy is 0.03 to 210.50 mg/100 g and Thai
rice is 109 mg/100 g.!2 The amino acid alanine
in red rice paddy turns off the function of free
radicals.’ Antioxidant activity of several red
rice cultivar reached 54.2% at concentration of
0.25 mg/mL.*

Red rice paddy accession has longer time to
harvest (121-138 days) with a flowering time
of 91-107 days.>® Red rice accession is not
classified as drought tolerant so it has lower
yield (an average of 2 tons/ha).” Currently,
there is only one variety of red rice classified
as upland types, which is Inpago 7 (4.6
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tons/ha).8 The properties of early maturity and
drought tolerance were controlled by quantita-
tive genes (Hdl to Hd14 based on QTL analy-
sis) which influenced by environment.’ There
were 413 and 245 genes found to be signifi-
cantly induced and suppressed by applying
gradual, long-term drought stress to four rice
cultivars with differing drought resistance.!?

Genetic improvement of plants could be
done through physical mutation using gamma
irradiation. Gamma ray irradiation dose of 200
Gray has been proved to reduce harvesting age
of rice up to 65-69 days compared to the previ-
ous.!112 Selection of gamma irradiation results
are mutant strain which is more drought toler-
ant, has early maturity and yielding of more
than 5 tons/ha.!® Gamma ray irradiation on
rice seed is capable to form permanent red rice
varieties and increase the genetic diversity.
Stable genotypes showed positive response if it
is grown in different environments.” Drought
tolerance test in rice has been done with a
solution of polyethylene glycol (PEG) by reduc-
ing soil moisture and stress in rice critical
phase.!* The research was aims to determine
the role of gamma ray irradiation for the
improvement of early maturity and drought tol-
erant traits of red rice mutants.

Materials and Methods

The research was conducted in ultisols
(Balunijuk, Bangka Belitung, Indonesia) and
it took place from November 2013 to February
2015. The plant material used was 16 of fourth
mutant (M4) of red rice origin from Celak
Madu accession with irradiation dose of 150
Gray (M4'GCI50-1, M4-GC150'2 and M4-GC150'3) and
250 Gray (M;-Gegso-1, My-Gegso-2 and My-Geaso-
3); Ruten Puren accession with irradiation
dose of 200 gray (M4-Gp200-1, M4'Gp200-2, M4'
Gpgoo-3 and My-Gpyg-4) and 250 gray (My-Gpaso-
1); radix accession with irradiation dose of 150
gray (My-Ggyso-1, My-Gryso-2 and M,-Ggyso-3) and
200 gray (My-Ggegp-1 and My-Ggpgp-2). Those M4
were selected because of their early maturity
at the third mutants (M3).

The first research was the selection of 1920
individual pedigree of M4 to get early maturity
and high grain yield traits. Harvesting age
(dap), number of productive tillers, panicle
length, number of filled seeds, filled seed
weight and weight of 1000 seeds were
observed.

The second research was the selection of
drought tolerant trait in M5 strain that has 36
mutant lines, which were selected on M4.
Research activities was started with the selec-
tion of seeds in a solution of PEG 8000 -0.5
MPa for 14 days and gave 5 strain of M5 which
has the highest germination. The treatments
were arranged in a split-plot design such as
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M;-Griso-1-4, Ms-Griso-1-9, M5-Griso-2-2, Ms-
Grise-2-3, Ms-Ggyge-1-2 and radix accession. The
main plot was the soil moisture of 25, 50, 75
and 100% (control). Traits observed were
symptoms of rolling, drying of leaves, plant
height, number of leaves, the number of tillers,
root length, weight of roots, weight of canopy,
the number of filled seeds, weight of 1000
seeds, weight of filled seeds, fertility of the
grain and the index of drought tolerance trait
that calculated by the formula: S=(1-Y/Yp)/(1-
X/Xp).15

The third research was drought tolerant
trait selection of M6. There were 5 best strain
of M6 from the second research. The research
was arranged in a split-plot design such as Ms-
Gruso-1-4-14, M5-Ggysp-1-9-13, M5-Ggys50-2-2-2, Ms-
Griso-2-3-13, Ms-Ggygo-1-2-18 and radix acces-
sion. The main plot was the seizing phase of
tillering, booting-flowering, seed filling and
control. Drought stress was given for 14 days
by covering the mutant using plastic. The main
traits observed were filled seeds weight. The
data of M5 and M6 were analyzed by using
Fisher’s exact test and least significant differ-
ence (LSD) test at the 0.05 level of signifi-

cance.
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Results and Discussion

The selection of 1920 lines of M4 red rice
paddy with selection intensity of 1.87%
secured 36 of M5 strain. The selected mutant
strains derived from Ruten Puren accession
with gamma ray irradiation dose of 200 gray,
radix irradiation dose of 150 and 200 gray.
Mutants derived from the Celak Madu acces-

sion of the gamma ray irradiation dose 150 and
250 gray, and Ruten Puren accession dose of
250 gray was unselected of having early ripen-
ing traits since it had a harvesting age more
than 120 days after planting.

M;-Gpygp-1 mutant derived from Ruten Puren
irradiation gamma ray dose of 200 gray has the
lowest harvesting age and highest number of
tillers. All mutants have had a similar harvest
age (Table 1). These mutants reduced harvest

time by 22.81 days earlier than others.
Gamma-ray irradiation doses of 150 and 200
gray are effective to gain early maturity
mutants. Mutants derived from radix acces-
sion reduced harvest time by 17-19 days after
irradiation with doses of 150 and 200 gray.
Each rice accession has different sensitivity
levels.

The M4 results of gamma irradiation have a
different character than the previous as shown

Table 1. The selected M4 red rice paddy through pedigree selection.

1 My-Gpyg-1-1 110 24.28 1025 23,83 12 24.0
2 My-Gpygp-1-2 110 23.14 886 26.12 9 23.3
3 My-Gpyg-1-3 110 12.92 575 2247 10 25.5
4 My-Gpygp-1-4 110 16.01 648 24.11 9 22.0
5 My-Gpygp-1-5 110 11.38 529 21.51 8 22.0
6 My-Gpygp-1-6 110 16.59 676 24.54 7 22.5
7 My-Gpy-1-7 110 1831 665 27.53 6 23.0
8 My-Gpygp-1-8 110 26.39 1038 26.07 9 27.0
9 My-Gpyg-1-9 110 23.10 884 26.13 8 25.0
10 My-Gpygp-1-10 110 15.37 660 23.29 9 23.0
11 My-Gpyg-2-1 113 14.14 805 17.57 8 23.0
12 M;-Gpypp-2-2 113 18.20 621 29.31 5 26.0
13 My-Gpyg-4-1 113 22.09 261 24.64 5 25.0
14 M;-Gpypy-4-2 113 17.95 172 23.25 9 25.0
15 My-Gpyg-4-3 113 18.44 846 21.80 8 24.0
16 M;-Gpyop-4-4 113 20.42 929 21.98 8 25.0
17 M-Gpygp-4-5 113 14.83 656 22.61 8 19.5
18 M;-Gpyp-4-6 113 12.10 542 22.32 6 235
19 M-Ggyse-1-1 113 26.15 928 28.18 8 22.0
20 M,-Ggysp-1-2 113 13.96 261 53.49 6 25.0
21 My-Gpuse-1-3 113 18.89 761 24.82 5 25.5
22 M;-Ggys0-1-4 115 19.03 781 24.37 7 215
23 My-Gryso-1-5 115 23.69 964 24.57 6 29.5
24 M;-Ggys0-1-6 112 22.64 852 26.57 4 22.5
25 My-Ggysp-1-7 112 28.17 1058 26.59 8 28.0
26 My-Ggyso-1-8 112 12.72 511 24.89 7 28.5
27 My-Ggysp-1-9 112 2721 1085 25.13 9 27.0
28 My-Ggysp-1-10 112 16.96 696 24.37 6 30.0
29 My-Gpyso-1-11 115 32.34 1329 24.57 8 26.5
30 My-Ggyg-1-1 112 16.22 626 25.91 5 26.5
31 M;-Grygg-1-2 112 25.75 1042 249 5 30.0
32 My-Ggygp-1-3 112 20.60 799 25.78 7 28.0
33 M-Ggys-3-1 113 16.96 637 26.62 6 30.0
34 M-Ggyse-2-1 113 13.40 588 22.19 6 25.0
35 M,-Ggysp-2-2 113 15.74 630 24.98 7 26.0
36 M-Ggise-2-3 113 12.44 545 22.83 6 23.5
Ruten Puren sccession 134.0 18.56 1051.2 22.00 14 24.0
Radix accession 130.0 12.29 649.7 22.50 5 19.5
The criteria selection of harvesting age is more than 115 dap, and the number of extra tillers was 4 stems.
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in Table 1. Mutant varieties originated from
South Sulawesi have higher number of tillers,
number of filled seeds and higher yield than
the previous. Harvesting age of mutant is
shorter than previous.!! M4 has a high diversi-
ty in their traits of filled seed weight (Table 2).
M4 should be further selected so that the
weights of produced seeds were more stable.
Previous study showed no increase in weight
of filled seeds of mutant compared to
previous.'® Mutants undergo decreasing
weight of 1000 seeds.

M4 has shown the character of stable har-
vesting age with early ripening. An effective

dose of gamma ray irradiation for rice is 200-
300 gray. Mutant harvest time decreased to 52
days at that dose. The higher irradiation dose,
it more likely increases the rice emptiness.”
The accession of red rice with 150 gray dose of
irradiation can actually be used to improve the
traits of the plant.

Screening of various stresses can be done to
the M4 seed strains. So far, more than 15,000
resulted mutant selections have been distrib-
uted and documented.!® Early maturity of red
rice mutants was associated with drought tol-
erance traits. It is supported by the 5 selected
strain of M5 based on the selection of PEG -0.5

Table 2. Mean, standard deviation and variance of the Selected M4.

CPress

MPa (equivalent to 15% moisture) in the ger-
mination phase. The selected strains are M;-
GR150'1'4- MS'GRISO'I'ga MS'GR150'2'21 MS'GRISO'Z'
3 and M;-Ggygo-1-2. All of these mutant strains
have higher germination rate than the radix
accession.

Drought tolerance mutant symptoms were
shown by the low leaf rolling and leaf drying.
Mutants experience high levels of drought
stress on the generative phase. In the genera-
tive phase there was an increase in cell volume
and the number of sink organs, so the water
demand increases. Previous study has man-
aged to select 64 drought-tolerant rice mutants

My-Gpgoq-1 10 110.00+0.0 0.00 8.70+1.64 2.68 18.755.16 26.58
My-Gipygp-2 2 113.00£0.0 0.00 6.50+2.12 450 16.17+2.87 8.24
M-Gpyoo-4 6 113.00+0.0 0.00 7.33+1.51 2.27 17.64+3.66 13.37
My-Giyso-1 11 113.09+1.3 1.69 6.73+1.49 2.22 21.98+6.22 38.73
M-Grisp-2 3 113.00+0.0 0.00 6.33+0.58 0.33 13.86+1.70 2.88
M-Gris-3 1 113.00£0.0 0.00 6.00+0.00 0.00 16.96-:0.00 0.00
M-Giogo-1 3 112.00+0.0 0.00 5.67+1.15 1.33 20.86+4.77 22.75
o’= variance
Table 3. Scrolling, drying and mutants death (M5) percentage to a few test of soil moisture (%).
Ms-Gyso-1-4 100 0.00f ILITE 000f 000f 000f 0.00f 0.00f 0.00f 000f 000f 556f 0.00f 0.00f 0.00f 0.00f 1111f
75 2222ef  000f 000f 000f 000f 000f 000f 000f 556f 0.00f IL11f 0.00f 0.00f 0.00f 000f 556f
50 66.67bed 16.67f 0.00f 000f 7222bc 556f  556f 77.78bc 0.00f  0.00f 7222bc 0.00f  0.00f 88.89a 556f I1LI1f
25 66.67bed 16.67f 0.00f 8333b 3889e 1L11f 5556cd 3889e 27.78e 1L11f 16.67f 4444de 0.00f 16.67f 38.89¢e 88.88a
Ms-Gryso-1-9 100 0.00f 000f 0.00f 000f 000f 556f 000f 0.00f 000f 000f 0.00f 000f 000f 000f 0.00f 558f
75 2222ef  000f 0.00f 0.00f 000f 000f 000f 000f 0.00f 000f 1L11f 0.00f 0.00f 000f 0.00f 0.00f
50 55.56cd 1L11f 000f 556f 50.00d 11.11f 16.67f 61.11bed 0.00f  0.00£66.67bed 0.00f  0.00f 66.67bed 0.00f 11.11f
25 61.11bed 0.00f 0.00f 61.11bcd61.11bcd22.22ef 27.78e 27.78e 4445de 556f 556f 2727Te 0.00f 556f 0.00f 9444a
Ms-Gyg0-1-2 100 0.00f ILITE 1010f 000f 000f 0.00f  0.00f 0.00f 000f 000f 0.00f 000f 000f 0.00f 0.00f 1111¢f
75 0.00f 000f 000f 000f 000f 556f  000f 0.00f 000f 0.00f 1667f 0.00f 0.00f 0.00f 0.00f 556f
50 2222ef 000f 000f 000f 2222ef 000f  556f 556f 0.00f  0.00f 5556cd 0.00f  0.00f 72.22bc 5.56f  5.56 f
25 8333b 3333e 0.00f 50.00d 4444de 5000d 1L11f 1111f 3889e 0.00f 0.00f ILITE 0.00f 0.00f 0.00f 100.00a
Ms-Gg-2-2 100 0.00f 000f 556f 000f 000f 556f  0.00f 0.00f 000f 0.00f 0.00f 0.00f 000f 0.00f 0.00f 11.11f
75 556f  000f 0.00f 000f 556f 0.00f 000f 0.00f 0.00f 000f 1667f 0.00f 000f 0.00f 0.00f 0.00f
50 3333e 1L11f 000f 556f 66.67bcd 11.11f  0.00f 61.11bed 0.00f  556f 7222bc 0.00f  0.00f 5556 cd 0.00f 11.11f
25 66.67bed 22.22ef 0.00f 8333b 83.33b 16.67f 16.67f 16.67f 66.66bcd 0.00f 0.00f 16.67f 0.00f 0.00f 0.00f 100.00a
Ms-Gigg-3-2 100 0.00f 000f 556f 000f 000f 0.00f 000f 0.00f 000f 000f 2222f 0.00f 0.00f 0.00f 0.00f 556f
75 1.11f 000 000f 000f 000f 0.00f 0.00f 0.00f 000f 000f ILITE 0.00f 000f 0.00f 0.00f 0.00f
50 5000d 0.00f 000f 50.00d 61.11bed 0.00f  0.00f 50.00d 0.00f 0.00f 33.33e 0.00f  0.00f66.67bcd0.00f 0.00f
25 444de 1667f 0.00f 8333b 77.78b ILI1f 6LI11bed 61.11bed 27.78  16.67f 16.67f 55.55¢cd  0.00f 16.67f 0.00f 83.33b
Previous/elder 100 556f  556f 556f ILITf 000f 556f  10L11f 0.00f 0.00f 10L11f 0.00f 0.00f 10LI11f 0.00f 0.00f 11.11¢f
75 2022f  556f 000f 000f 000f 556f 000f 0.00f 0.00f 000f 556f 0.00f 000f 000f 0.00f 556f
50 3333e 3333e 5A56f 0.00f 4444de 000f  0.00f 3889e 0.00f 27.76e50.00d 0.00f  0.00f 7222bc 0.00f 556 f
25 6l.11bed 27.78e 556f 55.56cd 3889e 3333e 3333e 27.78e 3333e 16.67f 16.67f 1111f 0.00f 0.00f 16.67f 100.00a

LT, Soil Moisture; G, Symptoms of Scrolling Leaves; K, Symptopms of Drying Leaves; M, Death Plant. Based on field observations, the red rice mutant enter the phase of tillering at the age of 28-42 dap (day of planting/hts
(hari setelah tanam), elongation phase at 43-70 dap, the phase of panicle formation and gestation at the age 70-77 dap, flowering phase of 77-91 dap, while the phase of seed filling >91 hst/dap.The same notation means
no significant, different notation means significant.
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using the characters of scrolling leaves.!® Leaf
rolling and leaf drying were correlated nega-
tively to the rice yields.!® However, in mutants,
it was correlated to the number of empty seed,
resulting in lower yield. Symptoms of drought
stress is the rolled leaves, dried leaves, delayed
booting and imperfect seed filling.?? Rice,
which is sensitive to drought, has higher leaf
rolling score.?! Leaf rolling is used to deter-
mine drought tolerance of rice. Mutants with
the lowest percentage of leaf rolling are more
drought-tolerant.

Scrolling leaves of mutants led to leaf drying
in flowering phase. The highest numbers of
drying leaves were on M;-Ggysp-1-4 and Ms-
Griso-2-2. Ms-Gpiso-2-3 was the most drought
tolerance mutants (Table 3). Critical period of
mutants in the vegetative phase is tillering
stage. Generative phase occurs with the
increasing number of mutants, which experi-
enced leaf drying and death. Mutants on 25%
soil moisture have experienced death in
insemination and flowering phases. Mutants
on 100% soil moisture were dead due to low
soil aeration and high amount of water, which
tied the clay fraction. Planting on ultisols
medium has low porosity due to clay content
which reached 40.20%.

Drying leaves is a sign of mutant experience
high drought stress. Drought stress on insem-
ination and seed filling phase causes a higher
decrease in yield. Drought caused reduction in
the distribution and allocation of dry matter,
the reduction of photosynthetic capacity as a
result of closing of stomata, inhibition of
metabolism and damage to the chloroplast.?? A
previous study shows that lack of water in the
reproductive phase decreases the amount of
panicles and increased sterility.> Drought
stress at 3 weeks before harvest degrades
chlorophyll so that it lowers the rate of photo-
synthesis. M5-Gg;50-1-9 and Ms-Ggys0-2-3 experi-
ence the lowest drying leaves stress in grain
filling phase. Both of M5 strains were more
drought-tolerant to the other mutant.

Low symptoms of drying leaf were on M;-
Gris0-2-3 and Ms-Ggys0-1-9. Low symptoms of
leaf drying M5-GR150-2-3 and M5-GR150-1-9
correlated with a lower index value tolerance
(IST) (Table 4). Both mutants were more
drought-tolerant than other mutants and previ-
ous. Genotypes with low IST indicated drought
tolerant.!¥ Upland rice mutant superiority has
the higher number of grains per panicle, an
early ripening age and harvesting, larger seed
size and form shape red purplish rice (forming
anthocyanin).2

The increase of drought-tolerant traits of
the mutant compared with radix accession
aside from indication by the value of IST is also
demonstrated by filled seed weight/clump. M5
and M6’s filled seeds weighs are higher than

Radix accession. The highest average of filled
seed weight is M;-Ggysp-1-9. The mutant is
more tolerant to drought than other mutants
and radix accession to the decrease in 75% of
soil moisture. Mg-Gg50-1-9-13 strain, which is a
descendant of the Ms-Ggys5-1-9, also had a high
average weight of filled seeds. Mg-Ggyso-1-9-13
strain has the highest weight of filled seeds in
drought stress in tillering stage (Figure 1).
The number of filled seeds per panicle is posi-
tively correlated with yield2> M5 and M6
strains, which have higher weight of filled
seeds also have a high yield. The results show
that the improvement of early maturity traits
through gamma ray irradiation may form
drought-tolerant trait of mutant red rice and
increase crop yields.

Figure 1. The mean weight of M5 filled seeds (A), M6 filled seeds (B) and radix accession

to the treatment of several drought tolerance soil moisture test and drought stress in the

critical period of the plant.

Table 4. M5 tolerance and radix accession to the decline of 75% soil moisture.

Plant height 1.00 p 1.01p 1.04p 0.95m 1.00p 0.97 m
Number of leaves 1.03 p 0.98 m 0.96 m 0.95 m 0.93 m 1.08 p
Number of tillers 1.03p 0.9m 121p 0.77m 0.78 m 1.33p
Root length 1.03p 0.9 m 1.02p 0.88 m 1.08 p 1.09p
Root weight 0.62 m 0.89 m 1.97p 0.77 m 0.62 m 2.64p
Crown weight 0.94 m 0.97 m 1.13p 0.93 m 0.86 m 12p
Number of filled seed 0.99 m 0.97 m 1.02 p 1.12p 0.92 m 0.97 m
Weight of 1000 seeds 117p 15p 1.51p 1.53p 044t _01p
Weight of filled seeds 1.05 p 0.89 m 1.14p 0.67 m 1.13p 1.12p
Filled seed grain 1.03p 0.91 m 1.02p 1.09p 1.05p 0.88 m
Index tolerance; t, tolerant <0.5; m, medium 0.5-1; p, sensitivity >1.15
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Conclusions

Gamma-ray irradiation dose of 150 and 200
gray on Bangka local red rice paddy accession
can form mutant, which has the characteris-
tics of early maturity, drought tolerant and
higher yield than the previous. Mg-Gg;s50-1-9-13
strain was selected as a candidate for early
maturity, drought tolerant and high-yielding
mutant.
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