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ABSTRACT

It has been long known that plants are sensitivienizing radiations such as beta particles and gamrays. Seeds
or unfertilized flower buds and whole plant or paftit have been irradiated in order to investigdte effects of
these radiations on crop plants. Studies have shbamnradiation of different types at various inséies can either
inhibit growth or kill the plant completely. Thediasensitivities of different plants vary greatigcarding to source
of radiation. In present investigation, nine pagulice varieties cultivated in Andhra Pradesh, wansed to
examine varietal differences in radio sensitivilygamma radiation during the wet season of 2013 &xeds of
Nine rice varieties BPT 5204 (Samba mabhsuri), J84 @Polasaprabha), Surekha, Vijetha (MTU- 1001)|. 398
(Jagithal Sannalu), NLR 34449, Swarna, MTU 1010t{@wlora sannalu) and Erramallelu (WGL 20471)) were
exposed to gamma radiation ranging from 0.20 kG2.6) kGy using continuous gamma sterilizatiompl@&C
5000, designed by Board of Radiation & Isotope fetbgy, Mumbai) with 444 TBq (12000Ci) and CobakG-
source at Quality Control Laboratory, Acharya N. Banga Agricultural University, Rajendranagar, Hyalead-
500 030 with a specific activity of 2.64 kGy*hrto determine their response to radiation straed the effective
radiation dose for identification of Lethal dose @Dsy). Data on germination parameter was generategpas
[10]. Percentage germination was measured Brd@y after germination in irradiated sample. Theuks indicated
that increasing doses of gamma irradiation had gigant effect on germination for the first seveaysl under
laboratory conditions. With increase in radiatioba/e 0.80 kGy a reduction in percentage of gernonatinder
laboratory conditions was observed in irradiatecdde as compared to control. Increase in gamma @sesd from
0.20kGy to 0.60 kGy had little or no effect on geation percentage as there were no significantedénces in
germination percentage of irradiated seeds and in@adiated (control) for all the varieties evaluate The L3y
values determined from linear regression analyBislynomial fit using Origin Pro 8 software) basen percentage
of germination ranged from 0.89 kGy (JGL 1798) #881kGy (Vijetha). The varieties JGL 1798 and BRU%bhad
highest radiosensitivity while Vijetha and Surekivare relatively tolerant. However, the varieties WMT010
(1.66kGy), Erramallelu (1.57 kGy), Swarna (1.56 kGJGL 384 (1.38 kGy) and NLR 34449 (1.32 kGy) are
moderately tolerant. These ranges ofsg.Balues determined for the different rice varietiesild be useful in rice
varietal improvement programmes.

Key words: Germination, Lethal Dose 50, Radiation stress.
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INTRODUCTION

Rice is a major staple food crop of India ensufod security to millions of people. The realizedlg potential in
rice is mainly achieved through genetically stahlgh yielding varieties. Continuous mono-croppinfy rice
predominated by few varieties led to narrow genkéise making the rice ecosystem highly vulnerablexternal
factors like radiation stress. Climate change drivadiation stress on rice not only would resultirmeversible
genetic changes but also interfere with establghaptimum field population by drastically reducirtbe
germination capability of seed. The study on thieat$ of radiation in plants is a broad and comfiebd. Work is
being done in many areas on a large number of pfzetties.

Mutation means a sudden heritable change in thetigematerial at the gene or chromosome level [Bjey may
be caused by error during cell division or by expesto the DNA- damaging agents or mutagens in the
environment. Radiation has been found to affecsthe and weight of plants. In many radiobiologieadctions, the
effect of a given dose depends on the intensityadfation or the manner in which the total dosdrastioned.
Gamma rays are known to influence plant growth @exklopment by inducing cytological, genetical,dhiemical
and physiological changes in cells and tissuesG8nma radiation can be useful for the alteratiophysiological
characters [11]. The biological effect of gamma isappased on the interaction with atoms or moleciethe cell,
particularly water, to produce free radicals [12[hese radicals can damage or modify important amapts of
plant cells and have been reported to affect diffeally the morphology, anatomy, biochemistry @hgsiology of
plants depending on the radiation dose [3]. In vigfsthe potential hazards of natural and artifiocgmma
radiations, it becomes essential to understanéxtent of damage caused to the rice system. Sioeesrthe most
important staple food crop, the ill effects of i@hn at germination level need to be thoroughlyebtigated. The
radiation induced growth abnormalities in seedlimgge mainly due to cell death and suppression itdsis at
different exposures. The purpose of this work istiady the effects of ionizing radiation of diffatedoses from
60Co on ricgOryza sativa..), which is major staple food crop of India and otpart of the world.

MATERIALS AND METHODS

Fifty (50) seeds of nine rice varieties were sutgiédo gamma rays froffiCo source using doses from 0.20 to 2.00
kGy (Tables 1). Linear regression analysis frongiarpro 8 software package was used to estimategtienum
LDs, doses for the different rice varieties using petage of germination in laboratory conditions astandard
measure of germination test (Table 3) (Fig.1 ta%ig

Germination Evaluation

Fifty (50) seeds by doses and nine varieties (Tablef irradiated and non-irradiated rice varietiesre taken in
0.1mm thick polythene bags of 15 X 22cm dimensioa sealed. The bags were subjected to gamma iticadiay

exposing them to doses of 0.20, 0.40, 0.60, 0.8m, 11.20, 1.40, 1.60, 1.80 and 2.00 KGy at a $ipemttivity of

2.64 KGy/hour and sown in three replications peatiment on blotting paper in 9 cm Petri dishes sdakith

distilled water to observe germination under labmma conditions (Temperature 28 + 2°C). Filter papes
maintained moist with distilled water on need ba$ise seeds were then observed daily for a periceen (7)
days. Percentage germination was recorded foreaagty for the first seven days.

Samples were irradiated in continuous gamma <atitin plant (GC 5000, designed by Board of Ragia
Isotope Technology, Mumbai) with 444 TBq (12000@&i)d Cobalt — 60 source at Quality Control Laborgtor
Acharya N. G. Ranga Agricultural University, Rajesachagar, Hyderabad- 500 030 and were compared tiéth
observations made on non irradiated control. Théenza for irradiation was placed in an irradiatichamber
located in vertical drawer inside the lead flaskdRtion field was provided by a set of station@pbalt-60 source
placed in a cylindrical cage. The source was dogllgapsulated in corrosion resistant stainless pteeils and
was tested in accordance with international statelarwo access holes of 8 mm diameter were providegrvice
sleeves for gasses, thermocouple, etc. Mechanismrdtating/stirring samples during irradiation ids@a
incorporated. The lead shield provided around the&rce was adequate to keep the external radiaitideh Well
within permissible limits. The quantity of absorbdake (KGy) can be defined as the amount of enaloggrbed per
unit mass of the matter at the point of interedte Experiment was carried out as per completelydBaized
Design (CRD). Standard germination test was eséichasing dry seeds of all varieties with an avenagésture
content of 13%. The irradiated seed along with nbradiated control seeds were sown in petridishthia
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laboratory. Data on germination and growth paramseteere recorded seven days after sowing under earnbi
condition. Germination percentage was calculated.

RESULTS AND DISCUSSION

In plant cells, the nucleus is considered the fpaicsite of damage by ionizing radiation. The m®x leading to
radiation damage may be summarized as: the imtigbical stage which lasts only a minute fractiéra second;
the physico-chemical stage lasting about 10-1@sctiemical stage lasting a few seconds and thedidall stage in
which the time scale varies from tens of minutetets of years depending on the particular symptoms

The effect of gamma irradiation on germination eéds (BPT 5204(Samba mahsuri), JGL 384 (Polasamyabh
Surekha, Vijetha (MTU- 1001), JGL 1798 (Jagithalngau), NLR 34449, Swarna, MTU 1010 (Cottondora
sannalu) and Erramallelu (WGL 20471)) was studiedrder to identify the LD50 doses of gamma atidn in
some selected seeds. Table 1 shows that germing¢iccentages decreased after gamma irradiaticredse in
doses of gamma irradiation had significant effettseed germination from 0-7 days. The decreaserimigation
was not directly proportional to the increase irsalge nor was a definite pattern observed in allnihe rice
varieties. Similar results have been reported @@ by [18], [17], [19] and [7]. The effectivenest gamma
irradiation on percentage of germination after ysdaas evident at 0.80 and 1.20 (LD50) and redsiggsficantly

at 1.80 kGy and 2.00 kGy in all the varieties exddipetha and Surekha (Fig 1).

The germination ranged from 2% (JGL 1798) to 100°4ifferent varieties in the standard germinatiest.t In
Surekha and Vijetha a stimulatory effect was obegin germination at dose 1.00kGy and 0.40kGy aspeoed to
control 99.67% and 98.67% respectively. Table 2nshthat the maximum reduction in percentage of geation
was observed with a dose 2.00kGy in JGL 1798 (48.@60lowed by JGL 384, Erramallelu, Swarna and NLR
34449 (96.00, 93.33, 91.89 and 91.33% reapectivély® doses of gamma radiation ranging from 0.20.060kGy
there is no significant different in germinatiorrgentage as compared to controls in selected iegiathere as the
variety JGL 1798 has significant effect in gerntioa was recorded i.e. 65.33 and 19.33% at dosés86f and
1.00kGy respectively.

Fig.1. Effect of gamma radiation on germination of
120 selected rice varieties
=—BPT 5204
100 — P
- JGL 384
2 80 —d— Surekha
= .
< 50 —=Vijetha
s
2 —JGL 1798
3 40 NLR 34449
&
20 Swarna
C MTU 1010
)
N T Emrainallelu
S
Radiation Doses (KGy)
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Table 1: Effect of Gamma Radiation on Germination 6 Selected Rice varieties
BPT 5204 | JGL 384 | Surekha| Vijetha | JGL 1798| NLR 34449 | Swarna| MTU 1010 | Erra mallelu
Control 94.00 100.00 99.67 98.67 100.00 100.00 P8)6 100.00 100.00
0.2C 98.0( 100.0( 99.3% 99.3% 96.67 100.0( 100.0( 98.0( 99.3¢
0.40 97.33 99.33 99.33 100.do 98.00 99.33 100L,00 0.000 100.00
0.60 95.33 100.00 98.00 99.38 96.61 97.33 98.p0 6798. 98.67
0.80 90.67 100.00 96.67 98.38 65.33 98.67] 10000 .0096 98.00
1.00 72.00 80.67 100.0d 97.38 19.33 91.33 100,00 .6790 98.00
1.20 50.00 68.00 78.67 92.67 10.00 50.67 94.67 389.3 91.33
1.4C 40.0C 50.0( 76.61 90.0C 10.0¢ 44.€7 49.3% 83.3¢ 66.61
1.60 31.00 27.33 70.00 80.67 6.00 32.00 41.83 49.33 48.00
1.80 20.00 20.67 50.67 50.00 5.33 12.67 22.00 38.67 24.00
2.00 17.33 4.00 32.00 42.0 2.00 8.67 8.00 12.6}7 67 6.
GM 64.15 68.18 81.91 86.21 46.30 66.85 66.79 77.88 75.52
SED 1.85 1.50 0.86 1.11 1.06 1.53 1.58 1.66 1.75
CD(0.05) 3.83 3.12 1.79 2.30 2.21 3.17 3.28 3.44 63 3.
Cd (0.01) 5.21 4.24 244 3.13 3.00 4.32 4.46 4.67 944
CV% 3.53 2.70 1.29 1.58 2.81 2.80 2.9(¢ 2.61 2.84
Table 2: Percentage reduction in germination by gama radiation
Radiation
Doses | BPT 5204 | JGL 384 | Surekha| Vijetha | JGL 1798 | NLR 34449 | Swarna| MTU 1010 | Erra mallelu
(kGy)
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0p 0.00 0.00
0.20 -4.26 0.00 0.34 -0.67 3.33 0.00 -1.35 2.00 706
0.40 -3.55 0.67 0.34 -1.35 2.00 0.67 -1.35 0.00 00.0
0.60 -1.42 0.00 1.68 -0.67 3.33 2.67 0.6B 1.33 1.33
0.80 3.55 0.00 3.01 0.34 34.67 1.33 -1.35 4.00 2.00
1.00 23.40 19.33 -0.33 1.35 80.67| 8.67 -1.35 9.33 .002
1.20 46.81 32.00 21.07 6.08 90.00 49.33 4.06 10.67 8.67
1.40 57.45 50.00 23.08 8.79 90.00 55.33 50.00 16.47 33.33
1.60 67.02 72.67 29.77 18.2% 94.00 68.00 5811 750.6 52.00
1.80 78.72 79.33 49.17 49.33 94.67 87.33 77]70 361.3 76.00
2.00 81.56 96.00 67.89 57.48 98.00 91.33 91,89 387.3 93.33

Several workers have studied effect of gamma rayse®d germination of gymnosperms. The higher ®xes
were usually inhibitory [4]; [16]; [14]. The higheExposures are usually inhibitor on seed gernomamf
gymnosperm an Angiosperm [23] where as lower exgssare sometimes stimulatory [6]; [21]. The resaf [11]
have shown that survival of plants to maturity detseon the nature and extent of chromosomal danhag@asing
frequency of chromosomal damage with increasingngamadiation may be responsible for less germiigtzihd
reduction in plant growth and survival. Changeshia germination percentage were found to attribatgamma
rays treatments. The stimulating causes of ganay@m germination may be certified to the activatid RNA or
protein synthesis, which occurred during the estdgie of germination after seeds irradiated [1].

Table 3: Summary of LD50 values for the Selected Be varieties (Dry Seeds) in Lab conditions

Sample ID Variety Regression Equation LD50 Dose
Y = mx +c (kGy)

| BPT 5204 47.19 = (-76.45) x + 146.16 1.29
Il JGL 38« 50.00 =-89.90) x + 174.3 1.3¢

I Surekha 49.63 = (-85.13) x + 203.77 181

\Y Vijetha 48.95 = (-81.82) x + 203.08 1.88

\Y JGL 1798 49,12 = (-143.24) x + 176.78 0.89

VI NLR 34449 50.45 = (- 97.02) x +179.07 1.32
\ill Swarni 49.87 = -120.36) x +238.1 1.5€
VI MTU 101( 49.72 =-111.48) x + 235.7 1.6€

IX Erramallelu 50.05 = (- 122.7) x + 243.64 1.57
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Fig.1: Lethal Dose 50 of BPT — 5204 (Samba Mahsuri)

Fig. 1.1: Polynomial fit to graph
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Fig.2: Lethal Dose 50 of JGL 384 (Polasaprabha)

Fig. 2.1: Polynomial fit to graph
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Fig.3: Lethal Dose 50 of Surekha

Fig. 3.1: Polynomial fit to graph
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Fig.4: Lethal Dose 50 of Vijetha (MTU 1001)

Fig. 4.1: Polynomial fit to graph
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Fig. 4.2: Linear fit of data selected around assunteLD50 value
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Fig.5: Lethal Dose 50 of JGL 1798 (Jagithal Sanna)u

Fig.5.1: Polynomial fit to graph
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Fig.6: Lethal Dose 50 of NLR 34449 (Nellore Mahsuyi

Fig.6.1: Polynomial fit to graph
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Fig.7: Lethal Dose 50 of Swarna

Fig. 7.1: Polynomial fit to graph
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Fig.8: Lethal Dose 50 of MTU 1010 (Cottondora saraiu)

Fig. 8.1: Polynomial fit to graph
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— Linear Fit of B

—m—B
Equation y=a+bh
Adj. R-Squar 0.99887

Value
B Intercept 235.79369
B Slope -111.4847

Standard Err
1.52004
0.91023

1.45

T T T T T T T T T T T T T T T
1.50 1.55 1.60 1.65 1.70 1.75 1.80 1.85

Dose (kGy)

LD50 for MTU 1010 (Cottondora sannalu)= 1.66 kGy

Pelagia Research Library

65



D. Pavan Kumaret al Asian J. Plant Sci. Res., 2013, 3(1):54-68

Fig.9: Lethal Dose 50 of Erramallelu (WGL 20471)

Fig. 9.1: Polynomial fit to graph
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There are many possible reasons for germinatioibitidn as reported by different authors. Gammadiation
generates free radicals in plant produce that maygbmetabolic disorders in the seeds leading towgr
retardation. It is also affects enzyme activitycs higher seed vigour is related to higher gertiinaefficiency. It

is also reported that higlt amylase activity increased metabolic activitydieg to enhanced seed vigour. Hence it
may be infused that gamma irradiation may decressmylase activity [13]; [20]; [2]. In some repodscreased
lipase activity with increasing gamma irradiationsd in castor seeds resulted in germination iribibitvhere as
some studies associated increased membrane pelityealith seed vigour loss and concluded that gamma
irradiation and seed membrane permeability arectijrerelated, hence increased radiation doses ase®
membrane permeability and reduces seed germin@&n[15]; [8]; [24].

Mean squares from Table 1 show that the differefmegarious doses of gamma irradiation were redcdhe level
of significance. Statistically maximum germinatiwas recorded at 0.20 and 0.40kGy in all the vaseti

LD 50 values (Table 3) determined based on thegm¢age of germination ranged from 0.89 kGy for JIGB8 to
1.88 kGy for Vijetha. The varieties JGL 1798 arfliB5204 had highest radiosensitivity while Vijetirad Surekha
were most tolerant.

CONCLUSION

The research carried out during the course ofitivisstigation clearly revealed the sensitivity icErcrop to gamma
radiation stress beyond 0.80 KGy which can be aedeps a threshold level for radiation stress. Mdeee high

irradiation doses completely inhibit germinatiorurtRer, the study also determined thesh.Balue for nine rice
varieties where in 50% reduction was observed speet of the germination percentage. LD 50 valUeble 3)

determined based on the percentage of germinainged from 0.89 kGy for JGL 1798 to 1.88 kGy fojettia.
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