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Abstract— This study aims to improve local rice genetic West Sumatra to acquire properties that are superior (more early maturity)
through mutation breeding. This study was conducted from April 2009 to December 2010. In 2009 screening at the stage orientation
doses M to obtain a dose treatment is effective in generating genetic diversity is very valuable in the selection effort. In 2010 the
selection in a population of M2 to getting properties older than early maturing crops (early maturing mutant). The results showed
that the treatment irradiation dose of 200 Gy is the dose that is effective in generating genetic diversity. At these doses have formed
extensive genetic diversity for the variable character of the age and height of the plant. With the extent of genetic diversity of the
resulting mutant candidates that can be selected at this stage o, Mrrom the selection made at the stage of early maturing mutant M
candidates obtained as many as 86 candidates with the mutation frequency of 0.14%, as well as short mutant (dwarf) and a semi-
short (semi-dwarf) were 97 mutants with mutant frequency of 0.16%. Candidates mutant is a mutant candidates promoting to have
better character as a result to be developed in the future
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Efforts for improvement Local rice genetic should be
I. INTRODUCTION made to produce superior crops including early maturity.
One way that can be done in the development of improved
varieties is by mutation induced by gamma ray irradiation.

as safer and more environmentally friendly and less costly'vluF"m_o_n breeding can support the resulting !arge _96’19“0
for farmers. But in generating improved varieties need to be Variability of plants that have a narrow genetic variability
carried out a series of breeding activities so that the expecte(ﬁzo]’ [19], [10]. In addition, thro_ugh mutation pre_:edlng can
benefits can be generated. Until now, various activities to 6.“50 be generated Iarg_e genetic Va”ab'“ty within a shorter
produce rice varieties continue to be made. However, mostiMé when compared with hybridization methods.

of the improved varieties that produced less in demand by

Mutation induction is one way to change the genetic done
the people of West Sumatra because mismatches tasto humans in order to obtain better properties than the
preferences. This causes people in West Sumatra are still

riginal plant properties [10], [26], [13]. Mutation induction
lot of local rice cultivars cultivated than modern varieties

The use of improved varieties is a reliable technology in
improving agricultural production. This technology is seen

as a significant contribution to the genetic improvement of

Recently in West Sumatra there are more than 50 Iocalplants in_various parts _Of the Wc_)rld. In fa(_:t, at some F’O‘f‘t
rice (landraces) cultivars, both paddy and upland rice [5], have an impact on the Increase in product|_0n as well as rice
and some of them are already known by the public and has 2{118]’ It Is better_ to repair some properties just by not
pretty good economic value. Generally, the character of thechanglng the majority of pla_nt traits orl_glnal_ that has _b_een
local rice cultivars in the old>(120 days). When the age of [avored and refatively requires less time in the refining
the local rice can be shortened (early maturing) would beProcess strains [19], [2], [14]. The research objective is to

better, in particular can increase the intensity as well as thedet as a result of early maturing mutant local rice genetic
annual crop can be more profitable for farmers iImprovement through mutation breeding of West Sumatra.
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[I. MATERIALS AND METHODS mortality rate higher plants with a low mutation frequency. It

This research was conducted in the greenhouse facilitiedS the result of damage extrachromosomal. Conversely if
and rice experiment Polytechnic State Agriculture these mutagens cause mortality rates were low and the high

Payakumbuh since April 2009 to December 2010. The p|émtfrequency of mutation is believed to be due to chromosomal
material used is Junjung varieties which is one of the local9@mage.

rice cultivars West Sumatra. Seed blue label irradiated with & R ooty g ¥=-0028K+ 23,89
beam ofy with doses of 0 Gy (control), 100 Gy, 200 Gy, 300 | ' » Ao
Gy, 400 Gy, 500 Gy, 600 Gy, 700 Gy, 800 Gy, 900 Gy, and | = 2

1000 Gy of 100 grams per dose as seed M1. Seed irradiatiore
is done in PAIR-BATAN, Pasar Jumat Jakarta wjthay $40
radiation source (gamma) used Co60 of Gammacell §3°
Chamber. Once irradiated, each irradiation dose of 200 seeds :
planted in the seedbed for three weeks to observe the effeGt o 100 200 300 400 500 600 700 200 900 1000 0 100 200 300 400 500 00 700 200 900 1000
of irradiation on the growth pattern of the seeds and Trradikation Doses G Treadintion Doses Gy)
determine the value of LD50. In addition, it also made
observations of chlorophyll mutations according to the | =
Gustafssons method [8], to determine the frequency of
mutant and mutation frequency.

Treatment dosage is best then the garden to get the sourg
of planting material and plant strains formation at the stage
of M2. Furthermore, each strain were planted about 100
plants per planting hOIe' Plants gl‘OWI‘] in paddy rice 0100 200 300 400 500 €00 700 800 900 1000 0 100 200 300 400 500
cultivation as well maintained as usual. In the generative Liradistan Dose (G5)
growth phase carried out observations of genetic diversity,
heritability and the selection of the target mutant (mutant-old Fig- 1. The response curve gamma irradiation treatment at various doses on

. . . . ., ... germination and seedling growth of cultivars Junjung. (a) the effect of
early matu”ng)' The d?term'nat'on of the genetic _Va”al?'“ty irradiation on germination, (b) the effect of irradiation on seedling height, (c)
was performed according to methods Khan [16], in which athe effect of irradiation on root growth. (d) the effect of irradiation on
character has a genetic variability that is broad if the value ofsterility seeds.
genetic variance o@g) more than twice the standard
deviation of genetic or expressed by the formsly > 2 The germination percentage of observations obtained by
(c620), reverse genetic variability narrowsi?g < 2 662g). the mathematical equation where y = -0435117.1, so the
Determination of heritability done using analysis of variance LD50 values obtained at 497.04 Gy irradiation dose. High-
components and is calculated based on the formula proposetpw levels of oxygen and water molecules,@) in the
[29] and [6] in which the heritability estimates higher when irradiated material, will affect the process of ionization of

Seedling Height

Culty. Junjung y=-0,012x+10,27 y=12,88x-8,399
: - 100 R?=0,871

Ro@enght

ERE SN

*

Percentage of sterility seed
»
o

Irradiation Doses (Gy)

(H> 50%), moderate (20%H < 50%), and low (H <20%). free radicals are formed that affect radiosensivitas plant cell
[11]. In addition, the lethal activity of ionizing radiation on
I1l. RESULTS ANDDISCUSSION cells resulting in the loss of mitotic activity, resulting in a

. : loss of genetic material [1]. This leads to a low rate of
At .th'?. staget_(l)f the I}Z/,Ilfr(zjm resf?archl C(;ngucted gurmg germination and seedling growth and can even cause death
germination untii age ay after planted can be seen, plant material (lethal) as shown in Figure 1a, 1b, and 1c.
clearl_y seed_llng growth response (percentage of germination, At the seedling height and root length also seen that the
seedling height, root length and percentage of germlnatlon)higher the dose of irradiation also affect the growth response.

local rice cultivars West Sumatra to the irradiation dose |, :
being treated. Seedling growth response o treatmentngh growth response of seedlings and root length decreased

irradiation dose can be seen in Figure 1. In Figure 1a .tdue to the growing size of the irradiation dose. At doses
' atl ; In migure L. 'gu - above 500 Gy just a little seed that grows and then death.
appears that the higher the dose of irradiation, can reduce th?his is in line with the opinion [17], [4], which explains that
ability to grow crops. In fact, at doses above 500 Gy, causing o

. o ) the treatment of certain mutagens in serealea has a high
death in sprouts (lethal effepts_). The declining vitality of the correlation with sprouts M M, germination and mutation
plant due to the deterministic effects due to gamma-ray

irradiation. frequency.

Deterministic effect is the effect caused by cell death due; One thing that is expected in the physiological damage

to radiation exposure. The deterministic effects occur WhenInduced mutation is the smallest and genetic damage as
the dose received by the plant above the threshold dos much as possible. This is a very valuable factor in generating

%igh genetic variability. In this study the EP values

(threshold dose) and generally arise some time after . ey .
. o . . obtained are within the range of 400-500 Gy dose, but in a
irradiation. Heightened reduction of growth due to the.dose range is still causing panicle sterility levels are very

increasing size of the dose proves that the irradiation dose "Chigh (Figure 1.d.). High doses of radiation will increase
very direct effect on physical damage (physical d""m"’uge)sterility in plants panicles M[7]. From Figure 1d. also can

p'a'f‘ts.- Damage to the M1 generation |s.due. to ionizing be seen that for a dose of 200-300 Gy panicle sterility levels
radiation treatment [7]. In general, the physiological damageranging between 20-30%, while the percentage of sterility

are more descriptive. It can be observed directly dose of 0-100 Gy panicle hardly much different
morphologically. Increased doses of mutagens causing '
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Gamma irradiation at a dose of 200 Gy can causeprocess. Heritability shows how the proportion of a gene can
chlorophyll mutations in Mpopulation as shown in Table 1. be passed down to the next generation is based on
While the origin of the plant cultivars (control) there is no observation of the nature of the observed phenotype [24],
mutation of chlorophyll. According to [10], the chlorophyll [30], as well as the genetic parameters determining the
mutation is an indication of genetic damage, which is selection of effective systems [25], [30].
characterized by the formation of chlorophyll in leaves. It
was observed that at a dose of 200 Gy irradiation has TABLE |

prOdl_Jced a number of chlorophyll mUtationS are Q_Uite MUTATION TYPE OFCHLOROPHYLL MUTATION, TOTAL MUTATION,
spacious with 7 different type of mutation, namely Albina, MUTATION FREQUENCY ANDFREQUENCY OFMUTANTS IN IRRADIATION

alboviridis, chlorina, virescen, tigrina, marginata, and striata. DOSE OF200GY
Some types of mutations that appear onndrseries can be
seen in Figure 2. Chlorophyll Mutation Type Frek.  Frek
Frequency of chlorophyll mutants inMopulation can Kult. L — Mutants Mutations
. . Alb Albo Chl Vir Tig Mar Stri (%) (%)
also be seen in Table 1. Of the seven types of chlorophyll punjung
mutations are formed, the number of mutations towards | .., 993 78 567 136 6 193 3 110 017

albino higher when compared with other types of
chlorophyll mutations. Chlorophyll mutation frequency |fred.of

obtained 0.17% and 1.10% mutant frequency. It is lower :V'%‘)‘ta”ts 0.550.04 0.32 0.08 0.00 0.11 0.00 - .
when compared to the results reported by [31] by 7.7% ONpesroioe Alb (Albina), Albo (Alboviridis), Chl (Chiorina), Vir
the variety Hitomebore [26] of 11.2% and 6.4% on the (virescens), Tig (Tigrina), Mark (Marginata), Stri (Striata)
cultivar Kuriak Kusuik and Randah Putiah. Tinggi.

Chlorophyll mutations that occur in a population of M TABLE Il

derived from gamma-ray irradiation at a dose of 200 Gy. a GENERAL SUMMAgﬁ ?E;ﬁgigijfmgﬁms ONTHE PART
mutagenic effect of gamma irradiation at a dose indicating

that the genetic diversity of the population has created M Varia
[31] and [26] also reported that a dose of 200 Gy is the -bily
irradiation dose that is effective in generating useful genetic|Plant Height |84.76|+4.54(21.27| 9.00 (12.27| 0.52 | Tall |9.09|Wide

diversity in breeding programs. (cm)
Tassel Height [26.48"™(+1.69|2.90 | 1.46 | 1.44 | 0.46 |Medium |3.37 | Tight
(cm)
Numbers of |13.63™(+2.37|5.71 | 2.13 | 3.58 | 0.60 Tall [4.74|Tight
Productive
tillers
Age of 94.85™+2.78|10.45| 1.47 | 9.41 | 0.96 Tall [5.55|Wide
Flowering
(Day) _
Note :") significantly different at the 0.05 level according to the T test;
"9 were not significantly different

Character 1l Ssd | o’P|o’e |6’G | h’ |Category|2.5d

In addition, the value of variability in plant height and
days to flowering is broad while the character panicle length
and the number of productive tillers relatively narrow. This
means that the induced mutation made more effective in
generating high genetic diversity in plant height and days to
flowering. But for the panicle length and the number of
productive tillers do not have a great influence in generating
genetic diversity. The extent of genetic variability in the
character of the age of flowering and plant height are the
basis for selection against a target mutant character (superior)
which is desirable [10], [23], such as early maturing mutants
and semi-dwarf. In observation of the middle value of a
variable, it is known that the value of the variable character
of mutant plants posture is lower when compared with the
osture of plant origin. As for the value of the middle third
f other variables that are not significantly different from the
value of the middle of the plant origin. According to [30],
the midpoint of each genotype is associated with idiotipe
plants to be achieved and desired as semi-dwarf character
and early maturity.

In the generative phase ,Mpopulations do individual
selection against a target mutant (mutant early maturing and
semi-dwarf). Results of individual selection against mutants
early rippening and semi-dwarf can be seen in Table 3 and

Fig. 2. Movements of chlorophyll which appeared on the M2 generation

At this stage M mutant selection activity against the
target (early maturity mutant) done. The selection can be
done if there is a mutant strain in the population genetic
diversity support to do the selection of the target mutant
character [10]. Summary genetic parameter data observe(g
through the variable plant height, panicle length, number of
productive tillers and flowering dates can be seen in Table 2.
In Table 2 it appears that in general it appears that
heritability estimates on the overall character including the
high category. Only the character of panicle length, which is
estimated heritability was moderate, but can be classified
nearing high. The high heritability estimates this means
genetic factors make important contributions in the next
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Table 4. In Table 3 shows that the result of individual genetic parameters, in addition to the character of the age of
selection of the candidate mutant very early-maturing groupflowering plants, plant height also has a wide genetic
(age 70-80 days flowering) that is as much as 8 plants, andliversity values (see table 2).

the group of candidates mutant early maturing (flowering

age 81-90 days) as many as 78 plants, the mutant frequency TABLE IV
of 0.14%. As for the origin of plants (control) contained in ~ MUTANT DWARF AND SEMC"SL"YI*VR:R'Q‘ x;g’s)ﬁg“ﬂ()” OF DERIVED FROM

the flowering age groups of 91-100 days. Mutant very early

maturing _and early maturing mutants with semi-dwarf can be Postur of Plant Numbers of | Frek.Early-
seenin F|gure 3. Thread Semi- NuMmuliz:]SsOf Populations| rippening
Dwarf Dwarf M, Mutans (%)
Mutans of
Junjung 27 70 97 60.000 0.16
Frek. Mutants
(%) 0.05 0.12

In Table 4 it is known that the mutant dwarf mutants
obtained as many as eight candidates and semi-dwarf
mutants obtained as many as 70 candidates mutant with a
mutation frequency of 0.16%. This frequency is lower than
the frequency of mutant dwarf and semi-dwarf those
reported by [3] in the amount of 0.30% on the cultivar
Madhu Malti at a dose of 250-350 Gy irradiation [28], which
is 0.26% in strain KI 237 with irradiation dose of 200 Gy.

Genjah Genjah Semi Dwarf

[ [Kontrol

Fig. 3. Mutant very early maturing and early maturing mutants with semi-
dwarf stature genetic improved results through induced mutation were
found in My population

IV. CONCLUSIONS

Based on the research that has been done can be

At doses of gamma irradiation at a dose of 200 Gy canconcluded that the mutation induction is done by gamma ray
bring out the mutant as a result of genetic changes due tdrradlqt|on can generate genetic diversity is very useful in the
mutations in genes that control the age of the plant. Fromselection efforts to obtain the characters age more early
observations made rapid harvest age can be characterized Hjpaturing crops (early maturing mutant). Orientation doses of
more rapid flowering mutant plant age when compared with LDS0 values obtained at 497.04 Gy, but in determining the
native plants (plant control). According [12] days to expe_cted effective dose irradiation doses_ causing little
flowering faster highly correlated with crop harvesting age Physical damage as well as a large genetic damage. At a
faster. The rapid flowering plants due to genetic changes as &0se of 200 Gy irradiation produced little physical damage
result of mutation induction is done. Treatment irradiation @S @ percentage of germination, seedling height, root length
dose of 200 Gy is the dose that is effective for generating@nd panicle void percentage when compared with the higher
mutants is strategically desirable as mutant semi-dwarf anddose of irradiation and generate genetic diversity seen from
mutant early maturing [15], mutant grain hairless varieties the emergence of chlorophyll mutation with a mutation
Cisantana [22], and Mutant early maturing on rice Kuriak frequency of 0.17%. At these doses also has established
Kusuik and High White more low [26], early maturing €xtensive genetic diversity for the variable character of the

mutants and semi-dwarf in rice Ase Field and Mandoti [9]. @ge and height of the plant. With the extent of genetic
diversity of the resulting mutant candidates that can be

TABLE Il selected at this stage of M2. From the selection made at the
EARLY MATURING MUTANT IN M2 POPULATION DERIVED FROM stage of early maturing mutant M2 candidates obtained as
CULTIVARS JUNJUNG

many as 86 candidates with the mutation frequency of 0.14%,
as well as dwarf mutant and semi-dwarf mutant were 97

Age for Flowering (day) |  INumbers of Fr:]eakt'ﬁfi:: mutants with mutant frequency of 0.16%, Candidates mutant
Tread 20-80 | 8190 | 91.100 |of Mutans Populations| "\ e is a mutant candidates hope to have better character as a
M. (%) result to be developed in the future.
Mutans of 8 78 - 86 60.000 0.14
Junjung _ REFERENCES
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