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ABSTRACT

The aim of the present study was to assess thetseftd different doses of gamma radiations on wemio
morphological and agronomic traits of common whieabrder to identify the most effective radiationsé which
can be applied for successful mutagenic researatdiess. For this purpose, dry and healthy seeds\Wifl-147’
bread wheat cultivar were exposed to different dosegamma radiations (5, 10, 15, 20, 25 and 30 &Rthe
Bhabha Atomic Research Center (BARC), Mumbai.h&llttaits studied showed a gradual decrease irr thngian
values with the increasing intensity of gamma rtidies except in 15 kR at which spike number pentpdead seed
weight showed some increment over the control #eteas been concluded from the study that higlaeliation
doses (25 kR and 30 kR) have reduced mean valukfnareased quantitative variability for most ofetlraits
studied which could be successfully employed iratiout breeding for the improvement of this impottaareal
crop.
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INTRODUCTION

lonizing radiations have been most successfullydugm crop improvement through induced mutagenesis.
Determination of optimum dose, radiosensitivity atréatment conditions are most essential for geneti
manipulation through induced mutation. Mutationdaliéeg makes extensive use of deviations from thenado
improve the characteristics of many important croduding wheat. Induced mutagenesis is a sigaifidool to
break through the limitations of variability and doeate variability in a short period of time. Rbe induction of
mutations in breeding programs, determining the tnspstable doses of physical and chemical mutagens
important. High doses induce physiological injunisich causes death of a plant. Therefore, mostctfie dose
which will induce high variability at morphologicals well as genetic level but did not produce ntbhem 50 %
lethality of plants is the main and most importgoal of the mutation studies.

Wheat is the world’s largest and most importantdfaoop for direct human consumption after rice amalze. In
India, it is the second major food crop after ritg Wheat is a staple food for 40% (nearly half)tlee world’s
population, mainly in Europe, North America and testern and northern parts of Asia, occupying 1@fe sixth)
of the crop acreage worldwide and providing 20%e(6fth) of the total calories and protein in humaurtrition [2].
Hence, its future genetic improvement as a highlityuautritional food is a paramount for feedingettever-
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increasing human population. Induced mutagenesis isfficient method for the induction of morphdksg and

genetic variabilities in plants [3]. The inductiohmutation has been accepted as a useful toblemplant breeding
program. One of the chief advantages of mutatiaeding is its ability to improve a single featurea variety

without significantly altering the otherwise desilamake up of agronomic characters.

Physical mutagens (such as X-rays and gamma ray® tecently received much attention as the mdsttefe
mutagenic agents in higher plants. Hundreds ofulise@itants have been induced for various plantatdtars in a
variety of crops including wheat through physicatlachemical mutagens [1, 4,5, 6, 7]. Nayeem [8htbuine
irradiationally induced mutants in wheat with imped pattern of gluten protein that could be usemtassfully as
breeding material for the improvement of proteiralgy in bread wheat. In addition, Reddy and Visatdian [9]
induced stem rust resistance in hexaploid wheaetydWH 147" by using gamma rays and EMS.

Thus, keeping the above encouraging results in pthred present study was conducted to determineffieets of
different doses of gamma radiations on various tjtaive traits in M1 generation of common wheatoirder to
identify the most effective dose for further mutatistudies. The present study also aimed in induadditional as
well as beneficial genetic variability of this creyhich will be successfully used for further mutaigeresearch
studies and improvement in the future.

MATERIALS AND METHODS

1.1.Plant material

“WH-147" bread wheat cultivar has been used in gihesent study. Five hundred dry seeds of this breaeht
cultivar were subjected to gamma rays at Bhabhanit&Research Center, Mumbai with the treatment $16s€.0,
15, 20, 25 and 30 kR. After irradiation, ninetydeef each dose were then sown in pots with tedssimeeach pot.
Data was calculated by taking the random plant $esrfpr each trait. Data on morphological and agnoic traits
such as seed germination, plant survival, seedigight, spike number per plant, spikelet numberptent, seed
number per plant and seed weight has been recardédompared with control.

The data on seed germination was recorded righm fiflte emergence of first shoot in each treatmetitiding
control. Germination percentage was determineddoyting the seedlings emerged in each pot per motaber of
seeds sown, multiplied by hundred.

1.2.Plant height (cm)

Seedling height was estimated on"id@ay of germination by measuring the irradiated and-irradiated of 25
randomly selected sample seedlings from each tegdtrithe height was measured from the base oflémt o the
tip of flag leaf.

For collecting the data of the other parameteks,stimple plants of each treatment were randoméctesl and the
recorded data was subjected to statistical analgsassess the extent of induced variations. Stdrikviation was
computed by applying the following formula

SD:\/EZ(Xi -X)

n
Where X= Mean of observations involved
X; = Observations
n = Number of observations

RESULTS AND DISCUSSION

1.3. Effect of gamma radiations on seed germinationThe seed germination was observed higher in contnein
compared with the treated plants (Fig-1). After dla¢a was compared, it was observed that withritieasing dose,
there is decrease in not only germination percentag delay in the germination time also. Maximuetrgase in
seed germination (74.44%) was noted in 30 kR ofatamh dose (Table-1). The lower doses did not sihouch
effect on the percentage of seed germination. €kalts also coincide with those of Borzaital., [7], Chaudary
[10], Irfag and Nawab [11, 12] and Diet al., [4, 13] who observed progressive decrease andy deldahe
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germination in wheat genotypes after treated wihious gamma rays. Reduced germination percentatpe w
increasing doses of gamma radiations has also tegmmted in Rye [14] and Chickpea [15, 16]. Therdase in
seed germination at higher doses may be attrilbotdisturbances at cellular as well as physioldd®eels.

Table 1: The percentage of seed germination, plasurvival and plant height in M; generation of common wheat after different doses of
gamma radiations

Treatment dose | Number of seeds sowe| Seed Germlnatlon* Plant Survival
No. | %age | R.V. No. | %age R.V.
Control 90 84 | 93.33] 100.0( 81 96.43 100.
5kR 90 82 | 91.11| 97.62 74 95.12 98.4
10kR 90 79 | 87.77| 94.04 74 9498 98.4
15kR 90 77 | 85.55| 91.66 73 94.8D 98.3
20kR 90 74 82.2 88.09 68 91.89 95.2
25kR 90 70 | 77.77| 83.32 63 90.0p 93.3
30kR 90 67 | 74.44| 79.76 59 88.0p 91.3

* R.V. = Relative value

H(D(Db—'-b-bg

Table 2: The spike number, spike length, spikeletumber, seed number per spike, and 100 seed weight¥; generation of common
wheat against different doses of gamma rays

Treatment Plant Height (cm) Spike number/plant Spike length¢m) Spikelet number/Plant Grain number/plant 100 gain weight (gm)
Dose Mean | +SD CV Mean | +SD CVv Mean| +SD CV Mean| +SD CV Maa | +SD CVv Mean | *SD CV
Control 15.86 | +2.13 | 13.43| 3.45| +1.23| 35.78| 11.21 +2.43 | 21.68| 16.05 +4.21 | 26.23| 26.20| +7.91 | 30.22| 6.35| +0.51 | 8.06
5kR 14.3¢ | £2.7¢ | 19.08 | 3.3t | +1.3¢ | 41.4( | 10.41 | #2.27 | 21.4¢ | 15.5f | +4.1€ | 26.7¢ | 22.6% | +7.0z | 31.0: | 6.17 | +0.45 | 7.34
10kR 13.39 | +2.75| 20.59| 3.15| +1.18| 37.52| 9.82| +2.07 | 21.12| 13.9| +3.75| 27.00] 21.95 +6.80| 30.98| 5.84| +0.13| 2.29
15kR 10.86 | +2.36 | 21.78| 4.15| +1.46 | 35.20| 7.72| +2.10| 27.27| 11.05 +3.21 | 29.13| 18.8| +6.06 | 32.26] 6.83| +0.30 | 4.45
20kR 9.32 | #2.00| 21.52 22| +1.19| 54.38| 7.15| £#1.85| 25.88| 10.05 +2.94| 29.31| 16.7| +7.55| 45.23| 5.26| +0.59 | 11.22
25kR 7.30 | +3.43 | 47.09] 1.95| +1.27 | 65.45| 6.19| +0.82 | 13.37 8.7 | +2.36 | 27.17 9.6 | +4.67 | 48.67 5.0 | +0.58 | 11.64
30kR 5.95 | £3.07 | 51.65 21| #1558 | 7553| 4.56| *1.52 | 33.32 6.4 | +2.11| 33.00f 5.55| +5.53 | 99.63| 4.48| +0.55| 12.36
SD = Standard Deviation; CV = Coefficient of Var@t

OSeed Germination (%) HEPlant Survival (%)
120 +
100 -

%age of seed germination and
plant survival

P

Treatment Dose

Figure-1: Effect of gamma radiations on seed germation and plant survival in M; generation of common wheat
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Figure-2:- Effect of gamma radiations on various mephological traits in M ; generation of common wheat

1.4.Effect of gamma radiations on plant survival: According to the data, the percentage of plant igakv
decreased with the increasing intensity of gamndéati@n (Fig-1). The survival percentage was fo@63% in

control which decreased consequently to 88.05%0akR radiation dose (Table-1). The remaining dosles

showed slight decrease in the survival percentdatieraspect to the control. The results are in ed@ace with the
studies of Chaudhary [10], Irfag and Nawab[11, dr&] Khan and Bari [17] who observed the consistentease in
survival percentage with the increasing intensftgamma radiations. The results of Kogtal.,[18] have shown
that survival of plants to maturity depends on mia¢ure and extent of chromosomal damage. The isergathe
frequency of chromosomal damage with increasingatat dose may be responsible for reduction offogaurvival

in the present investigation.

1.5. Effect of gamma radiations on plant height (cm)Plant height is widely used as an index in deteimgithe
biological effects of various physical mutagenstHa present investigation, the average plant heigis observed
higher in control population (15.86 cm) and gamengsrdecreased this average height to 5.95 at thk&® 38diation
dose (Table-2). All the doses showed decreaseeimtbrage plant height and showed inverse propaitty to the
radiation intensity (Fig-2). Diet al.[13] conducted radiosensitivity on five wheat gemets irradiated with 15, 25,
35 and 45 kR doses of gamma rays, where they odxdesignificant decrease in plant height with theréasing
doses of gamma rays in all the genotypes studibé. résults also showed the co-linearity with theligs of
Chaudhary [9], Irfaq and Nawab [11, 12],Ghafoor &iddiqui [19], Hassan [20] and Zlai al.[21] who observed
almost negative effects on most of the parametiengheat as a result of higher doses. The irradiatibseeds with
high doses of gamma rays disturbs the synthesgatéin, hormone balance, leaf gas-exchange, veateiange
and enzyme activity which may the possible causeadeerse effects of gamma radiations on planthteig the
present investigation.

1.6. Effect of gamma radiations on spike numberThe mean values for spike number differed signifigaunder

the influence of different doses of gamma radiai@ig-2) and it ranged from 3.45 to 1.95 in cohtnod 25 kR
treated plants respectively (Table-2). In the pnegevestigation, it was observed that radiationgyeneral, reduced
the average spike number in all the cases excepb &R treatment where the trait showed some imgm®nt
(4.15) over the control (Table-2). Irfaqg and NawaB] observed the stimulatory effect of all the eo®f gamma
rays on the number of tillers per plant except@ GY which produced slight decrease in the chara&imilar
results were observed by many other workers sucbhagoor and Siddiqui [19], Davies [22] and Khaman[R23].
However, Dinet al.,[13] reported quite opposite results and obsenreddverse effect of radiation on the average
spike number per plant which was also supportechéyy other previous studies [20, 24].

1.7.Effect of gamma radiations on spike length (cm)The average spike length in;Meneration has shown a

regular shift towards a negative direction (Figf2jreated plants with the highest being observecbntrol (11.21)
and lowest in 30 kR (4.56) of radiation treatechda(Table-2). The mean spike length showed a giadlecrease
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with the increasing intensity of gamma radiatiohlse present findings were also in agreement wi¢hltfag and
Nawab [12], Molle [25], Larikt al.,[26] and Khalilet al.,[27]in which they have shown that gamma rays ireduc
the almost significant decrease in the averageedpikgth with respect to the control.

1.8.Effect of gamma radiations on spikelet number:In present investigation, the mean number of spikel
showed consistent decrease with the increasing dbgmmma rays. The highest average value of number
spikelets per spike was noted in control populafid05) and the lowest mean value was observpthirts treated

with 30kR (6.4) of gamma radiations (Table-2). Tnesent investigation also shows co-linearity it studies of

Khan et al., [5], Irffag and Nawab [12], Lar#t al., [26] and Galat al.,[28] in which they observed significant
decrease of spikelet number in nearly all the taiadoses.

1.9. Effect of gamma radiations on grain number:The average values of grains per spike were redinoedthat
of control spikes (Table-2). The highest mean vdtwegrains per spike was noted in control plardugs (26.20)
with the progressive decrease in all the radiatimated plant groups (Table-2). The present fingliage in
agreement with the studies of Khanal.,[5], Irffaq & Nawab [12] and Galat al., [28]who observed the regular
decrease in the trait with the increasing intensityamma radiations.

1.10.Effect of gamma radiations on 100 grain weightThe present study observed the negative effectverage
weight of grains in nearly all the cases of gammgs rdoses except at 15 kR where the grain weigiweth some
increment over the control. A simultaneous decréasiee mean values for the trait was observedtduecrease in
radiation intensity. The maximum decrease in theraye values of grain weight was observed at 36fkRadiation
dose (4.48) with respect to control (Table-2).Imeyal, all the radiation doses showed adversetsffat the grain
weight. The present results are in agreements tvétindings of Irfaq and Nawab [11] and Khadil al., [27]who
observed almost adverse effects on average seggthtwkiowever, Ainmasauet al.,[29] observed increase in the
average 100 grain weight at 80 GY of radiation dasét was found at 15 kR radiation dose in thesgmé study.
Such type of contradiction might be due to eithiéfietences in genetic material under study or duagro-climatic
variations under which the experiment was carrigtd o

CONCLUSION

Generally, retardation of morphological and growtrameters is one of the most common responsesaof p
subjected to ionizing radiation. The favorable gaamays dose in the present study was found to kR,Wwhich
produced the stimulatory effect on the tiller numaed seed weight suggesting that it could be sstakty used in
the future for its improvement.
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