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ABSTRACT

Rice (Orizasatival.) cultivar IAC-1246 seedswere treated with 10, 15, 20 and 30 Krads of gamma-rays
and sodium azide (SA) concentrations of 0.5, 1.0 and 5.0 mM to study their efficiency in inducing chlorophyll
mutations. Combined treatments incremented the damages when compared to single treatments, especidly for
seedling height and M 1 paniclesfertility. Treatmentswith SA showed ahigher frequency of chlorophyll mutations
than the gamma-ray treatments, both in single and combined treatments. The gamma-ray spectrum was different
for the various types of mutations, whether in individual or combined treatments. The SA efficiency was
higher than that of gamma - rays a 1.0 and 5.0 mM concentrations and lower at 0.5 mM. On average, the
additive effect of the mutagenic combinations was more evident than the frequencies of the mutations.

KEY WORDS: Induced mutation, breeding.

INTRODUCTION

The presence of genetic variability is necessary
for crop improvement. The variability available
to the breeder comes from spontaneous or
artificidly induced mutations.

Plant breeding involves procedures which
increase genetic variation, select desirable
genotypes, evaluate selected genotypes, and
finally, multiply and release new cultivars.

In mutation breeding, the enharcement of the genetic
vaiaionismedethrough theinfluence of mutagens.
Despite the advantages and limitations of this
method, it has been gpplied in the development of
numerousimproved cultivars, in different crops, such
aswhest, rice, barley, soybean, lupines, vegetables,
ornamentds, etc. Severd traits have been subjected
to mutation breeding: yield, lodging resistance,
dissaseresistance, maturity, culmlength, etc. These
factswere evaluated by Fehr (1987) who reported
that artificia mutation can be a practica mean to
achieve genetic improvement in crop species.

Artificd induction of mutations is done through
theuseof physica and/or chemica mutagenswhich
enlarge the mutation frequency, when compared
to the spontaneous occurence. However, for
extensve use of these mutants in plant breeding,
high production efficiency isessentid. Thismeans
that the utility of any mutagen depends not only on
its effectiveness (mutation factor / dose) but so
on its efficiency. The effectiveness of a mutagen
has no practical implications since radiaions and
chemical mutagens are rdaively inexpensve. On
theother hand, lower levels of mutagensefficiency
can limit their uses. Mutagenic efficiency is the
production of desrable changes which are free
from associations with undesirable genetic
aterations. This is generally measured by the
proportion of the mutation frequency in relaion
to damages associated to mutagenic trestments
such as: height reduction, chromosomes
breakages, sterility, lethality, etc. (Konzak et
a., 1965; Gaul et d., 1972).

The possibility of inducing new variability by
mutagenic agents is, therefore, of great interest to
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geneticimprovement. Thisinterest becomeseven
greater when associated with the possibility of
assessing qualitatively and visbly theincreasesin
mutation frequency through chlorophyll mutations.

M utagenic trestmentswith two different combined
mutagens have ben proposed by many researchers
as Ando (1970), to increasethe effectivenessand
efficiency of mutation induction. The question
whether or not combined mutagens have additive
effects on the mutation frequency, and not on the
physiologicd damagesthat they originate, remains
unwered. Recently, some combinations of mutagens
have been tested in rice; gammarrays combined
with EMS (Rao, 1977), with HA, NMU and
MMU (Rao and Rao, 1983); with SA (Reddi and
Rao, 1988) and with EMS and DES (Kaul and
Bhan, 1977).

This sudy amed a assesng the effect of gamma:
raysand SA in both sngleand combined trestments
on the mutagenic efficiency and spectra of
chlorophyll mutationsin rice

MATERIAL AND METHODS

Fivehundred dried and dormant seedsof Brazilian
rice, variety IAC-1246, (13%+ 1,0 moisture) were
irradiated with 10, 15, 20 and 30 Kr gamma-rays
a 139,3 Kr/hour with a Cob0 source, a the
Centro de Energia Nuclear na Agricultura, in
Piracicaba, Sdo Paulo.

For the sodium azide trestment, seeds were
treated with 250 ml of freshly prepared 0.5, 1.0
and 5.0 mM of SA (buffered a pH 3) solution for
8 hours with continuous shaking at room
temperature (25° C + 2). Immediately &fter the
treatment, the seeds were washed thoroughly in
running water to reduce the resdud effect of the
mutagen on the seed coat. Next , 10 Kr and 0.5
or 1.0 mM of SA; 15 Kr and 1.0 or 5.0 mM of
SA; 20Krand 0.5 0r 1.0 mM of SA; 30 Kr and
1.0 or 5.0 mM of SA were used. The procedure
adopted wassimilar tothat used for theindividua
treatments.

Treated seeds were planted in pots in a glass-
house, and 30-day-old seedlings were transplanted
inthefiddinrows. Plants spacing was 15 cmwithin
rows and 80 cm between rows.
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Data on seedling growth injury and M, spike
derility wasrecorded on 40 and 50 plants selected
a random from each trestment, respectively.

Mo generation was raised from M1 spikes, in a
glass-house, and frequency of chlorophyll
deficiency mutation was scored seven days after
germination, based ona M 1 panicle progenie and
a Mo population, for both treated and control
populations. The number of mutants by 100 M»
seedling was aso caculated, and, according to
Gaul (1960), thisproportion has some advantages
over other indexes. An average of 31,701 plants
per treatment were eval uated.

The factorid combination of treetments, including
control was (Table 1):

Number and trestment:

1. control (digtilled water)

2. 10 Krad (gamma-rays) and ditilled water

3. 15Krad (gammarays) and distilled water

4. 20 Krad (gammarrays) and distilled water

5. 30 Krad (gamma-rays) and distilled water

6. control (pH 3.0)

7. 15 Krad (gamma-rays) and pH 3.0

8. 30 Krad (gammarrays) and pH 3.0

9. 0,5mM of SA andpH 3.0

10.10 Krad (gamma-rays) and 0.5 mM of SA
(pH 3.0)

11. 20 Krad (gamma-rays) and 0.5 mM of SA
(pH 3.0)

12.1,0mM of SA (pH 3.0)

13. 10 Krad (gamma-rays) and 1.0 mM of SA
(pH 3.0)

14. 15 Krad (gamma-rays) and 1.0 mM of SA
(pH 3.0)

15. 20 Krad (gamma-rays) and 1.0 mM of SA
(pH 3.0)

16. 30 Krad (gamma-rays) and 1.0 mM of SA
(pH 3.0)

17.5,0 mM of SA (pH 3.0)

18. 15 Krad (gamma-rays) and 5.0 mM of SA
(pH 3.0)

19. 30 Krad (gammarrays) and 5.0 mM of SA(pH
3.0)
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Table 1 —Thefactorid combination of gamma-rays and sodium azide tratments, including the control groups.

Gamma-rays Sodium azide(mM)
(Krad) O(pH 7) O(pH 3) 0.5(pH 3) 1.0(pH3)  5.0(pH 3)
0 T1 T6 T9 T12 T17
10 T2 -t T10 T13 -
15 T3 T7 - T14 T18
20 T4 - T11 T15 -
30 T5 T8 - T16 T19

“Notobserved.

Dosages and concentrations used in this
experiments, the immersion time in the SA
solutions, and other methodologica aspects were
based in Rao (1977), Rao and Rao (1983),
Guimarées (1978), Reddi and Rao (1988) e Reddi
and Suneeta (1992).

The C 2test was used to test the homogeneity of
the mutation spectraand the additive effect of the
combined treatment. In thelast case, the expected
number was calculated using the sum of the
proportiona effect of asingle treatment.

The frequency of chlorophyll mutations was
caculaed in the following proportions:

Msp= Tota number of mutations x 100/ No.
of M1 panicle progeny = Mutations on
M1 panicle progeny basis

Msd = Totd number of mutationsx 100/ No. of
M2 plants=MutaionsonM 2 plantsbess

Mtsd = Totd number of mutantsx 100/ No. of
M2 plants= Mutantson M 2 plantsbass

The mutagenic efficiency was determined by the
following proportions.

Msp/l, Msp/L, Msp/S, Msd/l, Msd/L, Msd/S,
Mtsa/l, MtsdUL, Mtsd/L, Mtsd/S

Where:

| = injury = % seedling height reduction

L = %lethdlity /desthrateof M | plarts till meturity.

S = Fertility reduction percentage (%) as defined
by the following formula

Nsd
—————— X
Nsp
S =100 -
Nsd
—————— C
Nsp
where:

Nsd = number of M2 plantules
Nsp = number of M1 panicules

Nsd
— C = fertility percentage in the control
Nsp

Nsd

— X =fertility percentage in the m trestment
(dosage or concentration)

Nsp
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RESULTSAND DISCUSSION

Table 1 showsthetreatment efficiency deta. Single
treatments tended to be more efficient with the
increase in dosage or concentration, but they
decreased after reaching a maximum level. Msp
higher efficiency levels were reached with the
combined treatment of 20 Krads of gamma-rays
and 1,0 mM of SA. Higher efficiencies were
obtained with SA on an My spike basis and
mutants on an My seedling basis. The azide
treatment was remarkably higher in producing
chlorophyll mutations than the gamma-rays, both
on single and combined treatments.

In generd, the azide treetment recorded the highest
percentage of chlorophyll mutations, followed by
the combined trestment and finaly by gamma
radiation aone. However, when the frequency of
mutantsinthe M5 plants basis was considered, the
combined treatment 15 Kr of gamma-rays+5mM

of SA wasdightly moreeffectivethanthebest Sngle
treastment (5mM of SA). In average, the frequency
of chlorophyll mutationswasmuch higher in SA then

In gamma-rays

Data on efficiency by treatments are presented in
Table 2. Single treatments tend to increase with
the dosages of mutagens, however ,only after
reachingamaximum drop/fal. Msp highefficiency
levels were reached with 20 Krads to gamma:
raysand 0.5and 1.0 mM to SA. Asfor the Msd,
the maximum efficiency level varied from 10 to 20
Krads, being more sensible to Msd/S and Msd/L
concerning the gammarrays. On the other hand,
great concentrations of SA were necessary to
reach maximum efficiency varying from 1.0 up to
5.0 mM. In the efficiencies concerning Mtsd, the
gamma-rays reached maximum vaues with 15 to
30 Krads (being Mtsd/L the less senstive) and
SA with 1.0 and 5.0 mM.

However, absolute vadues for SA effidency are
generdly far superior than thosefor gammarrays.
The combined treatments had intermediary
efficiency leves in rdation to the Sngle trestments,
with some exceptions; i.e. , they increased the
effidency levd of the Sngle treetment by gamma-
rays and decreased the efficiency leve of thesingle
trestment by SA.
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By putting together the higher efficiency levels
achieved by the congdered mutation factor and
the different dameges/deficendies the SA wasmore
efficient than the gammarrays, on average, when
Msp and Msd were used, and it did not differ
greatly fromMtsd. AsfortheMspand Msd, higher
efficency levds were reeched for the L damages
and lower for the | . Asfor the Mtsd, the highest
effidency level was reeched by the L damage and
thelowest by the S. The higher efficiency observed
in lethdity isimportant; however, itspracticd utility
is limited since there is a not very expressive
effidency in Serility, asit happened in this Sudy.

The spectrum and fregquency of the chlorophyll
mutations in al trestments are presented in Table
3, wherethedhino type of mutationsis predominant
in physical and chemical mutagen-treated
populations, aswdl asin the combined treatments
with rare exceptions. Inthe gammarray trestments,
thefrequency of viridiswasthe next largest frequency
after the dbino, whereas in chemicd treatments
and in the combined trestments, some exceptions
were recorded. Inequalities in other types of
mutations were not very pronounced.

The predominance of the abino type over viridis,
in the spectrum that resulted from the treatment
with physical and chemical mutagens, is not
consgtently shown in the literature. Ando (1970),
found a larger dbino rate usng ethylene oxide
(EO), Ethyleneimine (EI) and ethyl methane
sulfonate (EMS), aswel as gammarays. Similar
results were reached by Miah and Awan (1971)
with neutronsand gamma-raysand by Rao (1977)
with EMS and gammarrays. On the other hand,
Kaul and Bhan (1977) found a higher dbino rate
inone of thetwo varieties sudied; nevertheless, in
athird variety, alarger proportion of viridis was
found. Findly, Rao and Rao (1983) produced
higher proportions of abinos by goplying methyl
methane sulfonate (MMYS), N-nitrous-N-methyl
urethane (NMU) and hidroxyl amine (HA).

Larger proportionsof viridisinriceusng AS, were
reported by Bhan and Kaul (1976) and Awan et
al. (1980);by Reddi and Reddi (1984) using
MMS, dms and dES;by Reddi and Rao (1988)
usng SA intwo of thethreetregted varieties, and
by Reddi and Suneetha (1992) usng EMS.
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Table 2 — Efficiency levelsin single and combined trestments with gamma-rays and SA inrice.
Treatment Msp/lY MsplL Msp/S Msdl MsdL  Msd/S Mtsd/l Mtsd/L  Mtsd/S
Gamma-rays(Kr)
10 0.52 2.65 030 0007 0035 0004 0024 0125 0.014
15 -1.71 0.55 009 0034 0010 0001 -017 0.054 0.009
20 0.68 0.20 010 0013 0004 0.002 0.08 0022 0.012
30 0.22 0.18 008 0001 0005 0.002 0032 0025 0.011
SA (mM)
0.5 0.94 1.19 208 0012 0015 0026 0031 0.039 0.069
1.0 1.02 312 191 0019 0058 0036 0058 0176 0.108
5.0 0.79 1.67 081 0025 0054 0026 0067 0142 0.068
Gamma-rays
(Kn+ SA (mM)
10+ 05 0.60 0.68 040 0007 .008 0004 0.039 0.044 0.026
20+ 05 0.48 0.65 025 0008 0010 0.004 0.047 0064 0.025
10+ 1.0 1.04 134 058 0017 0021 0.009 0.094 0121 0.052
15+ 1.0 0.39 0.85 031 0011 0025 0.009 0046 0102 0.037
20+ 1.0 0.29 0.47 027 0008 0013 0.008 0.046 0.075 0.042
30+1.0 0.21 0.33 020 0013 0021 0.013 0.053 0082 0.052
15+5.0 0.34 0.70 030 0019 0039 0017 0069 0141 0.062
30+5.0 0.17 0.20 015 0018 0021 0016 0.031 0038 0.028

Y Msp-Mutation frequency on spike basis; M sd-mutation frequency on seedling basis; Mtsd-Mutation frequency on mutant
besis; | —T he seedling inury (seed ing hei gt reduction); L— TheM 1 maturity lethality and S— The reduction in M4 seed

fertility.

In other cultures, the predominance of dbinosaso
has conflicting results. Aasveit (1967) found, in
barley, acombination of resultswhich favored the
deveopment of dbinosand viridisin thetwo types
of mutagensin three experimentswith physicd and
chemica mutagens.

The predominance of dbinos over viridis in the
spectra of chlorophyll mutations was also
observed in combined treatments of gammatrays
and EMSor diethylsulpahte (dES) Kaul and Bhan
(1977). However, Reddi and Rao (1988) found

larger proportions of viridisin the Fujiminori and
Jaya varieties with the combined treatment of
gammarraysand AS.

Differences were observed in the pectra of the
combined treatments in relation to the respective
sgngletreatments (Table4), but with an exception.
Sixteen treatments (50 Krads of gamma-ray and
1.0 mM of SA) did not differ from the spectrain
treatment 5 (30 Krad). This suggests that higher
dosages of gammarrays could equal the spectra
of thecombined trestments, but thishappened only
in one case out of the eight observed.
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Table 3 — Frequency and spectrum of chlorophyll mutations in the treetment by gamma-rays and SA.

Treatment 1/ Albino Viridis Xantha Tigerina Striata Outros Total
1 0 20 0 0 0 0 20
2 157 65 8 1 0 7 238
3 203 2 4 0 9 1 219
4 140 51 2 3 2 20 218
5 142 37 3 0 1 1 184
6 3 0 0 0 0 4 7
7 267 14 1 0 1 26 309
8 70 19 96 6 20 1 212
9 104 14 21 0 1 10 150

10 277 47 3 0 0 4 331
11 275 88 43 0 6 47 459
12 702 211 130 45 5 102 1195
13 496 113 37 51 13 29 739
14 280 60 127 15 0 138 620
15 293 86 24 25 28 31 587
16 132 17 5 3 0 1 158
17 356 280 88 20 9 14 767
18 128 74 66 49 6 116 439
19 9 2 0 10 0 0 21
Totals 4134 1200 658 228 101 552 6873
Rates 0,6015 0,1746 0,0957 0,0332 0,0146 0,0803 1,00

U Treatments are described in Materid and Methods.

Table 4 — Homogeneity C 2 test of spectrum of clorophyll mutations of combined treatment of gamma-rays
and SA with the respective single trestment.

Treatments contrast X2
Tao (T,:10Kr gamma-rays + T:0.5 mM of SA) vs T, (10 Kr gamma-rays) 42.64 **
T,, (T,:10Kr gamma-rays + T:0.5 mM of SA) vs T, (0.5 mM of SA) 52.85 **
T,, (T,:20Kr gamma-rays + T,:0.5 mM of SA) vs T, (0.5 mM of SA) 18.66 **
T,, (T,:20Kr gamma-rays + T,:0.5 mM of SA) vs T, (20Kr gamma-rays) 16.89 **
T, (T,:10Kr gamma-rays + Ti2:1.0 mM of SA) vs T, (10Kr gamma-rays) 59.31 **
T, (T,:10Kr gamma-rays + Ti2:1.0 mM of SA) vs T, (10Kr gamma-rays) 54.78 **
T, (T,:15Kr gamma-rays + Ti2:1.0 mM of SA) vs T,(15Kr gamma-rays) 164.46 **
T,, (T,:15Kr gamma-rays + Ti2:1.0 mM of SA) vs T,(1.0 mM of SA) 119.61 **
T, (T,:20Kr gamma-rays + Ti2:1.0 mM of SA) vs T, (20Kr gamma-rays) 26.08 **
T, (T,:20Kr gamma-rays + Ti2:1.0 mM of SA) vs T, (1.0 mM of SA) 49.02 **
T, (T,:30Kr gamma-rays + Ti2:1.0 mM of SA) vs T, (30Kr gamma-rays) 7.34™
T, (T,:30Kr gamma-rays + Ti2:1.0 mM of SA) vs T, (1.0 mM of SA) 39.49 **
T, (T,:15Kr gamma-rays + T,,:5.0 mM of SA) vs T, (15Kr gamma-rays) 239.42 **
T, (T,:15Kr gamma-rays + T,,:5.0 mM of SA) vs T, (5.0 mM of SA) 247.61 **
T,, (T4:30Kr gamma-rays + T,,:5.0 mM of SA) vs T, (30Kr gamma-rays) 82.43 **
T, (T,:30Kr gamma-rays + T, :5.0 mM of SA) vs T . (5.0 mM of SA) 86.38 **

2001, Sociedade Brasileira de Melhoramento de Plantas



Crop Breeding and Applied Biotechnology, v. 1, n. 4, p. 339-346, 2001

345

Table 5 - Homogenety c2 test of spectrum of chlorophyll mutations (abina and viridis) of the combined
treatment of gammarrays and SA with the respective single treatment.

Gamma-rays doses
SA concentrations
Combined treatments

10 Kr+05mM and 10 Kr
10 Kr+05mM and Q5mM
20 Kr+05mM and 20 Kr
20 Kr+05mM and G mM
10 Kr+10mM and 10 Kr
10 Kr+10mM and L0mM
15 Kr+10mM and 15 Kr
15 Kr+10mM and 1.0mM
20 Kr+10mM and 20 Kr
20 Kr+10mM and L.0mM
30 Kr+10mM and 3.0 Kr
30 Kr+10mM and 10 mM
15 Kr+50mM and 15 Kr
15 Kr+50mM and 50mM
30 Kr+50mM and 30 Kr
30 Kr+50mM and 50mM

Albino Viridis
60.45%* 63.03**
349.07** 146.57**
371.19** 27.72%*
24.02%*  (+) 15.05** ()
12.91%*  (+) 2.21lns (=)
1.15ns (=) 134.28%* ()
4.27%  (+) 7.85%%  (+)
0.11ns (=) 2.41ns  (-)
13.58** (+) 1.83ns (=)
143.69**  (-) 18.16*%* (+)
30.33%* () 20.46%*  (-)
13.09%*  (-) 8.60%* ()
12.45%*  (-) 2.56ns (-
2.16ns  (+) 5.59* ()
36.30** (+) 4.74% ()
235.95%*  (-) 36.35%* (+)
34.61%* () 51.98%* (-)
11.44%*  (-) 1.37ns (-
0.10ns (=) 6.48* (-)

¥ means that the combined treatment originated more frequency of the albino or viridis type of mutations;
2 means that the combined treatment originated less frequency of the albino or viridis type of mutations.

As the main spectra differences were due to the
abinosand viridishomogeneity, atest was carried
out to anadyze the relaive proportions of these
types of mutants (Table 5). The spectraof abinos
and viridis were different in the gammaray, SA
and combined treatments. However, some
interesting aspects were observed in the
homogeneity test of each combined treatment
regarding the respective single trestment. The
combined treatment tended to increase the
frequency of abinosin Six cases and to decrease
inseven cases, but asfor the proportionsof viridis,
the combined treatments tended to decrease the
frequency ineeven casesandtoincrease inthree
cases. This suggests that the combined treatment
tends to diminigh viridis frequency.
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RESUMO

Eficiéncia mutagénica da combinacéo de
raios-gama e a azida sodica (NaN,) em
sementesdearroz

Sementesdo cultivar dearroz desequeiro |AC-1246
foram tratadas com dosagens de 10, 15 e 20 e 30
Krad de raios-gama e concentragbes de 0,5, 1,0 e
5,0 mM de azida sidica (AS) com o objetivo de
egudar einduzir mutantesdedordfila Ostratamentos
combinadosincrementaram osdanas, principamente
obre a dtura de plantula e fertilidade de paniculas
M 1.0s tratamentos com AS mostraram maior
freqliéncia de mutacbes de clorofila, sga em
tratamentoindividua ouem combinacgo. O espectro
de mutacOes de dorofilaproporcionado peosraos
gama e pela azida sbdica foi parecido quanto aos
diferentes tipos de mutagdes, sga em tratamento
individual ou combinado. A dfidéndadaASfo maior
gue aderaios-gamaem concentragbesdede 1,0 e
50 mM e menor em 0,5 mM. Quanto ap efeto
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aditivo na combinacéo de mutagénicos, em media,
0s danos tiveram efeitos aditivos superiores a
freqiiéncias de mutages.
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