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Abstract: The present investigation was carried out at the Forestry Research Farm, Navsari Agricultural University;
Navsari to evaluate the gamma rays at 10 kR, 20 kR and 30 kR induced variability in Jatropha curcas L. on germina-
tion, growth and yield for seven Jatropha genotypes (Phule J-1, Urlikanchan, Hansraj, SKN Big, Chhatrapati, Hansot
and MPJ-55). The significantly maximum germination percentage (66.96%), seedling survival (74.18%), seedling
collar diameter (0.958cm), shoot length (49.442cm), number of leaves per seedling (7.757) and leaf area (37. 58)
was observed in Chhatrapati genotype during nursery stage. While low rate of gamma rays treatment (10 kR) had
stimulatory effect for germination percentage, seedling survival, seedling collar diameter, shoot length, number of
leaves per seedling and leaf area. However, higher gamma rays doses (30 kR) drastically reduced all studied char-
acters. The interaction effect of genotype and gamma rays were significant for number of leaves per seedling. Fur-
ther, it was not significant in other traits like germination percentage, seedling survival, seedling collar diameter,
shoot length and leaf area.
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INTRODUCTION Using fast neutrons, Hybrid Castor-6, a variety
. . . L (Aruna) was developed with reduced plant height and
Increasing prices of fossil fuel and diminishing re eqpjiness with increased number of spikes per plant
sources as well as its contribution in global waigni  ;,~reased yield as compared to the parent genotype
have stimulated the interest toward alternate soafc (Kulkarni and Ankineedu, 1966). In Thailaddcurcas
energy. The solar energy is the only source fové®lf  jieq seeds from the Mukkadham (Jatropha) clone
ing that can contribute substantially to transp@ta  \yere treated with’CO gamma ray doses of 0 to 20 kR
fuel needs at costs competitive with fossil fuslcap- g gentify the variables. In Myeneration dwarf and/or
tured by photosynthesis and stored in biomassyary flowering mutants of jatropha were isolated
(Sommerville, 2006). The fast-growing trees allo@t  gapaguchi and Somabi, 1987). Pandey and Datta,
large quantities of carbon belowground (Christiad a . 1995 reported the cotyledonary variabilityincurcas
Ryan, 2002) as well as accumulate more carbon in using gamma radiation. In African violets
plant biomass (Cheet al, 2015) These plants could (gaintpauia ionanthdd. Wendl.), gamma radiation at
be one of the best available alternative sustagnabt 15 Gy improved plant architecture of the mutants
lutions to the fuel industrylatropha curcad.. belongs  (seneviratne and Wijesundra, 2007). Till 2000, the
to El_Jphor_blaceae fam_|ly ha_s similar po_tenual & fa FAQ/IAEA Mutant Varieties Database (MVD) had
growing bio-fuel crop in India. Meanwhile, currentl  co|lected information on 2252 cultivars obtained by
available planting materials is lack of high yieldi  yytation and officially released in 59 countriesrido
varieties or hybrids for oil content and yield; cheter-  yjige including 59 mutants of oil crops. Of 1585 di-
ized by one or two flowering flushes with largei@ar  rectly developed mutant varieties, the great majori
tion for female flowers per inflorescence, capsyles  (1411) were selected from mutated generationsvialio
plant, seeds per capsules, seed filling and oiterdn  jhg the use of radiation, mainly gamma rays, as the
Several reports suggest that very little variapiif 1y tagen (Maluszynslét al, 2000). Hence, mutation
desired characters is available in natural pomiatof  preeding could be one of the best available options
J. curcas(Dlvakara(?t al.,2010, Nayalet al.,2010 and | ooking to the above prospects and future promises,
Nayaket al., 2012); hence, it is necessary to develop hresent investigation was under taken to utilize th
variable populgtlons art|f|C|aIIy_. In the past, th@jor ~ gamma ray induced variability as a potential took-
breakthrough in castor (Family: Euphorbiaceae) im-pance the ontogenic variations through the paseéige

provement was achieved through mutation breedingphyiogenetic variation in the improvement programme
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MATERIALS AND METHODS emergence of shoot above the ground was treated as
b germination. The germination count was recorded
from 7 DAS (Days After Sowing) up to 25 DAS on a

daily basis. The emergence of shoot above ground
level was considered as germinated and it was con-
verted into percentage.
Germination percentage =
100 x (Number of seeds germinated/Number of seeds
sown)
The seedlings were maintained till 150 DAS in the
nursery for collecting different observations. Shoo
length was measured from the collar region up & th
apex of the leading shoot to the nearest mm at 150
DAS. The collar diameters of seedling from eachttre
ment and replicate were measured at the collabmegi
with the help of varnier caliper to the nearest mm.
Average values was worked out for each treatment.
Area of each leaf was calculated by using leaf area
meter CI-202 (CID Bioscience Inc. USA) for 10 leave
and the average leaf area was multiplied with tital t
number of leaves per plant and thus total leaf a&s
calculated and expressed in“Bimilarly the number
of leaves per seedling was counted from each treat-
ment for all 3 replications at 150 DAS and therage
Mumber of leaves is expressed as number of leares p
eedling.

tatistical analysis: The data were statistically ana-

This investigation on the gamma rays induced vérial
ity in selected genotypes df curcaswere conducted
at Forestry Research Farm, ASPEE College of Horti-
culture and Forestry, Navsari Agricultural Univeysi
Navsari, Gujarat, India.

Location: The experiment was carried out at Green
House Complex. Geographically, Navsari is situatied
20°95’ North latitude and 70°90' East longitudelat
meters above mean sea level. The experimentaissite
located 13 km away from Arabian seashore of the his
torical place Dandi, famous for Salt movement initi
ated by Father of India-The Mahatma Gandhi.

Climate and weather condition: Climatically, this
region is typically tropical, characterized by kaihot
summer, moderately cold winter and more humid
warm monsoon with heavy rainfall. The average
annual rainfall is approximately 1355 mm. Monsoon
commences mostly from the third week of June and
retreats by the end of September. Most of the piteei
tion is received from South West monsoon, concentra
ing in the month of July to August. The winter smas
sets in usually towards the end of October withdmil
cold and lasts upto February. December and Januar
are the coldest months of the season (10°-23°Ch-Su
mer commences from mid February and lasts upto mi

June. April and May are the hOttESt months of thary lyzed using Complete Randomized Design with Facto-
Source of planting materlals.S_even genotypes were rial Concept (FCRD) as suggested by Panse and Suk-
taken for the present studies. These genotypes(]atme (1967). The appropriate standard error ofnmea

232275:}?\?;;‘{3; C;C”ﬁggdt;;orgoddafterrentTLeeSngg'sio (S.Em.) and the Critical Difference (C.D.) werectal
Y- lated at 5% level of probability.

Hansraj, Urlikanchan, SKN Big and SDAUJ-1
(Chhatrapati) were collected from Shardar Krishatrag RESULTS AND DISCUSSION
Dantiwada Agricultural University, Gujarat; Phulel J
from Mahatma Phule Krishi Vidyapeeth, Rahuri, Ma-
harashtra and MPJ-55 from Maharana Pratap Univer
sity of Agriculture and Technology, Rajasthan. One
accession named Hansot was included from Navsa
Agricultural University, Gujarat in the present exp
mentation.

Treatment with gamma rays: The dry seeds afatro-
pha were irradiated in Gamma Cell-200 (Cobalt-6
source emitting 3600 rads per minute) at Nucleai-Ag
culture and Biotechnology Division, Bhabha Atomic

Research Center, Trombay, Mumbai (Maharashtra), = o .
y ( )quwements of present genetic information (Nayetk,

India. About 200g jatroph ds of unif izel oo o
ndia ou g Jafropha seeds ol untiorm Size al., 2010). The genetic diversity in the natural dapu

average seed weight of each genotype in each treaf .
g d g b tion of J. curcasappeared narrow, since no remarkable

ment were irradiated with 10, 20 and 30 kR doses. . !
Among them, one is control (untreated) genotype. SOmorphologlcal and molecular differences have been
i observed (Mahroliya, 2006). Mutation in tree crigps

there were total twenty eight treatment combination . ! :
for all seven genotypes. c_on3|dered f_;lttrac_nve _because of _Iacunae in conven-
Sowing of seeds in nurseryAll treated seven geno- tional bfeed”?g I|k_e time consuming, unpred|.ctable
types/accessions including one control seeds wer esults%, IIong J;Nﬁn"e phase, high heteDr_ozigosnl;d a
soaked in cold water for 24 hours before sowintha zeoalroo %SS of the g_nlque rg];enott)ype (Diva e:;aa ' h
200 gauge size polythene bags filled with soil:dsan ).' _Gamma radiation has been reported to have
farmyard at the ratio of 1:1:1 respectively. Onedse ben_eﬁmall effects on many crops. In Afncan .V'Glet
each was sown in each polythene bag. The seedlin aintpauia ionanthad. Wendll.), gamma radiation at

5 Gy improved plant architecture of the mutants

were regularly watered with a roscan. The complete . . .
¢ y P (Seneviratne and Wijesundra, 2007). The mutation o

The large wasteland areas can be utilized by plgnti
of Jatropha into a productive land. Several praggrt

of the plant stemming from its hardiness, rapidagin
pasy propagation and wide ranging usefulness have
resulted in spread of Jatropha for beyond its pabi
distribution. However, the full potential underlgin
Jatropha is far from being realized. Mutation bieg

0 would be a valuable supplementary approach in plant
breeding under situation as is prevailing in oitkee
specifically in Physic nut, where the variabilityis-

ing in natural gene pool is not enough to meetréhe
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major gene causes distinct changes whereas, mindiGinwalet al.,2005).

genes causes quantitative variation which could beEffect of treatments The effect of treatments on
realized. The combination of both types of mutation genotype is presented in table-1.The germination
in one individual may also occur. Considering the percentage was significantly affected by gamma
limportance of macro and micro mutations, simulane radiation treatments. The results revealed thatifsig
ous utilization may prove to be better approacthwit cantly maximum germination percentage was noted at
breeding point of view where improvement work is at 10 kR (74.21) over no radiation treatment (0 kRR}lj4
juvenile stage. Hence, to induce artificial vaoati  cating stimulatory effects of the lower doses (Nagt
present exploration was done using gamma ffays al., 2012). In other treatments germination percentage
different characters at Mgeneration among seven was adversely affected with the increase in theges
accessiongHansraj, Phule J-1, Urlikanchan, SKN Big, of irradiation. The germination of the treated péan
SDAUJ-1 (Chhatrapati), Hansot, MPJ-55). had shown a sharp dose rate relationship, which de-
Effect of genotypes: The germination percentage creased with increase in the doses of gamma regs tr
was significantly influenced by genotypes. The €abl ment. Percent reduction/stimulation in seed germina
shows that the maximum germination percentagetion might have been due to the effect of mutagen o
(66.96) was observed in genotype Chatrapati whichmeristematic tissue of the seed (Dhakshanamoathy
wasat par with Hansot (65.13), Hansraj (65.18), SKN al., 2010; Dhakshanamoortfgt al.,2011). Wanget al.

Big (65.03), Phule J-1 (63.45) and MPJ 55 (64.26)(2010) reported that low-dose laser irradiatioruiret
genotype, while genotype Urlikanchan showed mini-low-frequency but significant alterations in DNA me
mum germination percentage (59.61). The signifi- thylation level and pattern in sorghum plants. Tlee
cantly maximum seedling collar diameter (0.958 cm)crease in seed germination at higher doses of the
was recorded in Chatrapati genotype which aiagar mutagen may be attributed to disturbances at eellul
with MPJ 55 (0.936 cm) while minimum seedling col- level caused either at physiological (or) physieakl

lar diameter was recorded in Urlikanchan genotype(Dwimahyani and Ishak, 2004; Pandey and Datta,
(0.904 cm). Similarly, significantly maximum shoot 1995 and Lehtiniemi, 1977). Higher doses of gamma
length (49.442 cm) was recorded in Chhatrapati genoradiation (> 200 Gy) resulted in the significandue-
type which isat par with Phule J-1 (49.083 cm), Ur- tions in germination percentagelJncurcasL. (Nayak
likanchan (48.292 cm), SKN Big (48.867 cm), Hansot et al, 2012: Songsrét al. 2011). Also, high germina-
(48.392 cm), MPJ 55 (48.950 cm). Also, significgantl tion percentages (>90%) were observed in Broccoli
highest number of leaves per seedling (7.757) was r seeds irradiated at < 4 kGy, but the sprout lemigth
corded in Chhatrapati genotype. In the same way, le creased with increased irradiation dose (Wetjeal.,
area was significantly affected due to effect oi@ge 2009). However, in the present investigation lower
types. Maximum leaf area (37.58 Ynwas recorded exposure is induced seed germination.LEucaena
under genotype Chhatrapati. Significantly maximum leucocephalaexposed to a dose of 2 kR gamma radia-
seedling survival percentage (74.18) was observedion increased the germination frequency in compari
under genotype Chhatrapathile minimum survival son to control. This may attributed to the origih o
percentage (68.48) was observed under MPJ-55 gendhese stimulations are acceleration in cell divigiates
type. From the above results, it revealed thatiflign (Zaka et al, 2004) as well as activation of auxin
cant genotypic variation was observed in seed germi(Gunckel and Sparrow, 1991).

nation and seedling growth parameters (survivat per Significantly highest seedling survival (100%) was
centage, seedling height, collar diameter, leavesfecorded in no irradiation (0 kR) while lowest Sasgl
seedling, and leaf area). Horn and Shimelis (2013)survival (50.34%) was recorded in 30 kR treatment.
found that the effects of different doses of gammaxa  The survival ofJ. curcasseedlings decreased with
diation depended also on genotypBfiakshanamoor- increasing doses of gamma rays and usually shows
thy et al. (2010) found seeds treated with 50 Gy of inhibitory effect of higher dose of gamma rays on
gamma rays revealed stimulatory effect except &3f g seeds of angiosperms and gymnosperms (Akhaury and
mination, whereas 250 Gy dose showed inhibitorySingh, 1993; Thapa, 1999). Similar findings were re
effects on traits compared to other treatmentss Thi ported by Ignacimuthu and Babu (1988) Wigna
could be due to the damage in seed tissues arsethe mungowhere plant survival decreased with increasing
verity of the damage depending on the dosage usedloses of gamma rays and EMS.

Ginwal et al., (2004) found that Gamma rays imposed significant impact on seedling
variance registered id. curcasfor seed germination, height. The highest seedling length (59.74 cm) was
seedling growth and biomass parameters showedecorded under 10 kR which is at par with no iraadi
considerable variation among different seed soun€es tion (58.41 cm). It was noticed that the growthircd-

J. curcas The small value of error or environmental diated plants were strikingly vigorous than thaton-
variances of the seedling growth traits suggedtedl t trol (Bandyopadhyaet al, 1987). However, higher
majority of characters were under genetic conttbls doses have inhibitory effect of mutagens on thgtken
suggested that the plant have strong genetic dontroof seedling was evident from the decrease in lenfth
which can be exploited for improvement of this seec  root and shoot with increasing dose / concentradion
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gamma rays and EMS (Dhakshanamoortty al.,
2010).
stage when the seeds Ahacardium occidental€Cv.
Madakkathata-1 were treated with gamma rays a2Qd,0,
30 and 40 kR doses using Cobalt-60 source (Mageen
al., 2008). Significant decreased in shoot lengtAlbiz-

967

division rates (Zakat al, 2004) as well as activation of

Induced-dwarfism was noticed in the nurseryauxin (Gunckel and Sparrow, 1991).

Leaf area is a desirable morpho-economic traitafoy

fast growing crop which influences on total photesy

thetic space. There were significantly decreasafidea
(28.95 cm) observed at higher level 30 kR treatment,

zZia lebbeckwvas also recorded due to induced muation byhowever low doses at 10 kR increases leaf area
Hanumatheet al., (2002). Significant decrease in shoot (42.28cm). The present findings are supported by Rafiul-
length inA. lebbeckwas also recorded due to induced lah and Hasan (1994yho reported gradual decrease in

muation by Hanumattet al.,(2002).

The effect of gamma rays on seedling collar diamess
found to be significant. The significantly maximseed-
ling collar diameter (0.992 cm) was recorded owetrol
while higher doses of gamma rays reduces seediifay c
diameter. Nayakt al. (2012) reported that seedling collar
diameter significantly decreased with the increaatsl of

leaf area irBrassicaspecies with the increase intensities
of radiation. Generally, 10 krads dose produceihaii-
tory effect in most of the characters while 25 krale-
creased in brassica. Rameshal., (2012) reported that
significantly decreased in leaf area of mulberryewh
treated at 10 kR using gamma rays where as lovsdase
kR) showed slightly bigger leaf area as comparezbio

gamma rays. It shows that higher exposures of gammgol. Similar results on growth parameters havenhbee

rays caused injury to seeds and affected seedivigjap-
ment. Higher doses adversely affected the seekiigint
and shoot length which was inversely proportionahe
radiation intensity.

The gamma irradiation has significant effect on bem
of leaves/seedling as well as on leaf area betweet

ported in A. lebbeckby Singh and Paliwal (1987).
Gamma rays irradiation with the dose of 10 Gy found
desirable genetic variability on plant developmeht.
curcas(Dwimahyani and Ishak, 2004). Pandey and Datta
(1995) reported that higher doses of gamma raye hav
strong variation on size, shape and stomata nuimkkr

ments (Table 1). The treatment 10 kR enhanced numbecurcas In soybean plant leaves developed from gamma

of leaves per seedling (7.647), which was followgdo
irradiation treatment (6.701). Significantly maximu

irradiated seeds showed reductions in stomatalitdens
and stomatal number compared to the control plants

reduction in number of leaves were noted at highes(Celik et al., 2014). However, inEmblica officinalis

gamma rays treatmene. 30 kR (5.428). It suggests that
low rate of gamma rays has stimulatory effectsnfom-
ber of leaves per seedling. But, increase in riadiatten-
sity beyond 20 kR, adversely affected number ofdea
per seedling inJ. curcas (Dhakshanamoorthyet al,
2011). The increase in number of leaves might lakve
rect contributory effects on collar diameter of dieg
and origin of these stimulations, are acceleraitonell

grafts; the leaf area showed inconsistent relatipnise-
tween the dosage of gamma rays and genetic viégiabil
which indicates a better scope for success induiith-
provement of desirable traits in the existing comuiaé
variety of the crop (Sehét al.2007).

Effect of interaction: The interaction of genotypes and
gamma rays treatments were found non-significant in
influencing on germination percentage, shoot length

Table 1.Effect of gamma rays on germination and seedlimgigal percentage af. curcas.

Germination Survival Seedling collar Shoot length Number of Leaf area
Treatments percentage percentage diameter (cm) (cm) leaves/ (cm?)
seedling
Genotypes (G)
G1: Phule J-1 63.45 71.74 0.913 49.083 6.047 36.85
G2: Urlikanchan 59.61 71.43 0.904 48.292 6.500 86.6
G3: Hansraj 65.18 71.24 0.930 45.467 6.107 36.40
G4: SKN Big 65.03 71.72 0.927 48.867 6.292 35.25
G5: Chhatrapati 66.96 74.18 0.958 49.442 7.757 37.58
G6: Hansot 65.13 73.61 0.934 48.392 6.747 35.51
G7: MPJ 55 64.26 68.48 0.936 48.950 6.278 35.45
S.Em. + 1.21 0.99 0.008 0.694 0.100 0.15
C.D.at5% 3.51 2.80 0.023 2.010 0.289 0.433
Irradiation (1)
10: No irradiation 71.78 100.00 0.992 58.41 6.701 0.98
11: 10 kR 74.21 74.49 0.947 59.74 7.647 42.28
12: 20 kR 61.07 62.26 0.914 44.97 6.355 32.76
13: 30 kR 49.87 50.34 0.861 30.30 5.426 28.95
S.Em. + 00.90 00.75 0.006 0.525 0.075 0.085
C.D.at5% 02.60 2.12 0.018 1.520 0.218 0.247
Interaction (G x I)
S.Em. + 2.37 0.75 0.016 0.439 0.199 0.60
C.D.at5% NS NS NS NS 0.578 NS
C.V.% 6.39 4.77 3.009 4.97 5.287 4.94
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Table 2.Interaction effect of gamma rays on number of legyer seedling id. curcas.

Interaction effects

Number of leaves/seedling

( Genotype X Irradiation ) lo: OkR l1: 10 kR Io: 20 kKR Is: 30 kR Mean
G1: Phule J-1 5.863 7.623 5.580 5.120 6.047
G2: Urlikanchan 6.743 7.753 6.393 5.110 6.500
G3: Hansraj 6.367 7.093 5.847 5.120 6.107
G4: SKN Big 5.880 7.933 6.240 5.113 6.292
G5: Chhatrapati 8.070 8.343 7.797 6.817 7.757
G6: Hansot 7.353 7.827 6.123 5.684 6.747
G7: MPJ 55 6.633 6.957 6.503 5.017 6.278
Mean 6.701 7.647 6.355 5.426

Source S. Em. CD.at5% CV.%

G 0.100 0.289 5.287

[ 0.075 0.218

Gxl 0.199 0.578

G: Genotye, I: Irradiation

seedling collar diameter and leaf area (Table @yvéver,
significant variations of number of leaves due &viaty
and different treatments with their interactiongevao-
ticed. Chatrapati accession significantly enhantedn

induced variability of]. curcasby gamma rays with re-
spect to germination percentage, seedling sursesd-
ling collar diameter, shoots length, number of ésager
seedling, leaf area were maximum in Chhatrapato-gen

number of leaves (8.343) was noted under 10 kR gammtype during the germination and seedling growtlyesta

rays treatment, which was followed by 0 kR (8.2ini-
mum number of leaves per seedling (5.017) wasdedor
in 30 kR treatment under MPJ 55 genotype. The &ies r

The application of 10 kR gamma rays radiation had
stimulatory effect which may be best for producivige
desired variant in Jatropha crop improvement.

of gamma rays has stimulatory effects for number of

leaves per seedling. The biological effect of garnaya
is based on the interaction with atoms or moleculéise
cell. The low radiation dose used could have prediits
long-term effects in part by means of the stimatatbf
lipid degradation, possibly mediated through th@aof
free radicals that are known to be generated iaftelia-
tion (Katsaraset al., 1986; Voisineet al., 1991). The
stimulating effects of gamma ray on germination rbay
attributed to the activation of RNA synthesis (Kuei
al., 1975) on coster bean, or protein synthesis (Katin
al., 1976) which occurred during the early stage ofriier
nation after seeds irradiated with 4 K-rad. Hertbese
interaction factors may be responsible for the ot
tion of total number of leaves in the seedlings.

Conclusion

The significantly maximum germination percentage,
seedling survival, seedling collar diameter, shéemngth,
number of leaves per seedling and leaf area was\eus

in Chhatrapati genotype during nursery stage. the |
rate of gamma rays treatment (10 kR) has stimylator
effect; however higher gamma rays doses drastically
duced seedling germination, seedling survival, Iseged
collar diameter, shoot length, number of leavessped-
ling and leaf area. The interaction effect of ggpetand
gamma rays were significant for number of leaves pe
seedling. While, it was not significant in otheaits like
germination percentage, seedling survival, seedintigr
diameter, shoot length and leaf area. The presaiy en
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