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Abstract Research on the basic interaction of radiation
with biological systems has contributed to human society
through various applications in pharmaceutical, medicine,
agriculture and other technological developments. In the
agricultural sciences and food technology sectors, the last
few decades have witnessed a large number of pertinent
works regarding the utilization of radiation for evolution of
superior varieties of agricultural crops of economic importance.
This review presents general information about the effect of
radiation on plant specificity, dose response, and benefits.
There has been summarized of the effects observed after
exposure and influenced by several factors including plant
characteristics and radiation features. We also report on the
effect of vy-irradiations on plants, focusing on metabolic
alterations, modifications of growth and development and
changes in biochemical pathways.

Keywords Biochemical aspect, Irradiation dose, Gamma
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(Die mutations theorie) & 2 X 3= Hugo de Varies] A|
ol osl, AlE &F % AT okl A A o] &0l
st 7o) 7F A A = A tH(Gaul 1958). WAL ZAMS &3
A2 = 0|23} HFALA 9] Lo MEko) AE T =
WS wEARORA AR AL A35E 3 WA
A TEE= 1960 T (Sax 1963)&2 A& &ehyich o] 2,
29 Bl 29 o]Ldl WAML Ho AEF
A4 EdolE A= AR el en, ol
o]-§sto] FAEO] Mg wokoll FHsHA o] &l
th(Yamaguchi et al. 2003; Okamura et al. 2003; Zhou et al.
20060). HAA % U 4B el fed 54
S g A, 27 A, w8 72E, A% o
3 A 3A Fo] o (Mei et al. 1994; Li et al. 2007), L
grol b ATBERNE LS A2 e §
A2 sk 28 Hles Y 4 e 7ol AlA
=] 9 tHMuller 1927). BFARA Z Ao T3t Blo] o] ZA <}
AEo] gt Y I Hol= B2 w2 Fol FH S
5}A 8ra Z ok Johnson (1939) & Yof|ZHE9] 70%0f tf
slo] WMALA Gk R st iTh. W(Triticum aestivum L)
9] REW HE| ZZHHordeum vulgare L.)= YA ZA}F
] oF] o] ZrAE A, 7] W9 Z712 Ho
ek olefgt WApHe] et mEe FA ol A
HXP o, A& Z7], 3o 93-S u| 2 th(Breslavets
1946).
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et al. 2009). A 2| o] Z-& F o] GHAF Aol A& o]
3t z}o] 7 T E Y thH(Kwon and Im 1973). HE9] AJRF
SAE HMWOH } et Ao ® g A Qlok WA

et A Hok AlE ANote] Aol o Zstrhe Ao
o2 A th(Casarett 1968; Kumagai et al. 2000; Real et al.
2004) AL THE AR DA AEW Y 71HE s Bl
= W, Aot F24 SN SAHAY 54 il
§]-7:114 _(LDL/\oﬂ T;H‘o‘]— 1:—] o Zﬂ?ﬂ—/ﬂvg- Zr= N‘:' /HZ]—
o]Z 9| Solgt AR A Uth. ufolo] ==
I AEH o] 29 89 dFe F= 24 2
F ool Axg Kotat AR N ot Abo] ol A HEARA
ZAbol tigh Rzt o] Aol & Zhe Aer dyA ot
(Yu 2000; Wu and Yu 2001; Qin et al. 2007). B3 =2] 7]
WS A EZd o, A2t 229 30| o]Fojx]7] uf
ol AR AR ot FA o] WA o Bl& A3
2 2= Ao 2 dHA Qlth(Chadwick and Leenhouts 1981,
Friedberg 1985; Kranz et al. 1994; Huang et al. 1997; Shikazono
et al. 2002; Durante and Cucinotta 2008).
ol2fgt dH o] MY AFet AF AFd ol 2-&3ko] o
A AR Ans, a3 A2l Abale 22 Ao s
TFH dojil dase WA 2AR] 93t FFFe A
stedl 23] #L4 23S ob7lskit A8 W
ARG AFe] Apol= I Aol it sfjH e H&
stA gteh A& WA RAR Al WA AR A
= Gy (gray) 78 = Gy7hA] thfsiet. B3 95
HE Ao M= 2 H7F 4= kGyo 7HA] o5 4 Q)

>_\¢_,>E

d
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)v_{l.Er
o m ok
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s rlo

Ch(Bhat et al. 2007; Maity et al. 2009). T]2-0], AaFo] djj st
S ®9le Aol He AE Foll AstA &4
ot ubehA] Aol WARHE] WSS AT AL of

2 Y2l

v-AL Az wAA o] 71 S el FEjolH, 10
KeV (kilo electron volts) F-E] 4= KeV2] o] #] #Hl-&
AU v, erafel Webd 2o ohe AT wmelel 714
o A=Y 77 v Yoz da A 9 th(Kovacs
and Keresztes 2002). y-A-& o] &3} WARA Q] HF olo
&5t, A2 Qo Aol | A MghE oF7|sh= A4 &
AA}QF AFE 223k}, o] #dt AFL-o| U A WIS 24
Az F83% 845 EFAZIAY HIAZL 4 Q)
AR A gk, %) et Bars
Jejstdon th2s) 9gs Ethn mage sk o
B RS AE AZ s, BAG HHE EH

d 24 "tz o]= A ZY(thylakoid membranes)e]
61-4 L'_, Akt A A8 o] AT} phenolic 3}
So] 1%} QItH(Kim et al. 2004; Wi et al
2005). OI%Q MWOﬂ =EE AE ALFoA AEG

o3
)

E;ozi‘_fl_"lioﬁ‘dl:lm-lﬂrlr

shup Bolwlo]o] W ATATES Table 19] X*FA%P?‘;
o}, olejat Aae —‘;;4 R ANEEE L !
W AR AT Aur o o A3 AR A2
o NS I3k WAL Alke] WIS AR Aelck
_’F_xl- HI-OI.

F92 F1 vjob= R Y foht o] st Ao=
ot dhotel A BEA Age] AL Wtz deixl

Table 1 Effects of radiation on chromosome aberrations of different plant parts

Source of radiation Species Plant part

Parameter studied References

X-rays, neutrons Haplopappus gracilis Cell suspensions

Gamma, neutrons Nicotiana Protoplasts
Gamma, 40Ar, Fe Oryza sativa L. Seeds
Gamma, H', He, N* Pisum sativum Seedlings
Gamma, H', He, c* Nicotiana tabacum Seeds

Gamma Arabidopsis thaliana .
seedlings

Gamma, c* N. tabacum Seeds

Gamma, C** N. tabacum Protoplasts

Gamma N. tabacum Protoplasts

Gamma Triticum durum Seeds

Ne, Si, ® Allium cepa Seedlings

Transgenic seed and

Cell survival Werry and Stoffelsen 1979

Cell survival Magnien et al. 1981

M1cronpclel and chromosomal Mei cf al. 1994
aberrations

Vasilenko and Sidorenko
1995

Hase et al. 1999

Micronuclei
Chromosomal aberrations

Homologous recombination Kovalchuk et al. 2000

Chromosomal aberrations in

roots of different length Hase et al. 2002

Cell survival Yokota et al. 2003

Unrepaired double strand

breaks Yokota et al. 2007

Chromosomal aberrations in

the M1 generation Cao et al. 2009

Micronuclei Takatsuji et al. 2010
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of. 5983 vle] WA 2 AKpre-irradiation) 7t EHE L k. o] A2 HE9 SAl(auxin) 2 WA B 5 % 28
o, wjore] WA k& ¥ HddE Ade pHAL o FAE WY AR F5EH(Table 2). w2 AT
2 wasol gtk chpe AR WobRT g We  vAoR A A% @ B 2404 walsl 425
=< WA 2AF ol WiskE ] ¢FAl i EAY, S7h A Wsk () v-Al =EY A= AHA HlFske Aot F
FaEFol Hidey HHo A4 (Bora 1961; Kumari  E+= 7Y (tunica)®] §3 2 £F; (c) B Tolshes ¢
and Singh 1996; Radhadevi and Nayar 1996)o]| A WIARA-& 2 22 BHRo|A Mz BEYo AMHA A A EE= £4F
z2HA| A9 g, & Roto] ¥e Ao HAAHo R H H&(Lokesh et al. 1992)2] Q102 Ql5}o] Holsli=
m] 2] HF/\H\j}.A}(pre-irradiation)H“i o o2 A=t 3 FAY EYS FEvithe A AU HuEgich W
Aol A(e W2 o} 4, Welok Qo) A F/NE A 2] ot F4 Wotst HE A0 oAk
X 135} TH(Luckey 1980; Bayonove at al. 1984; Zimmermann Aol ZALE Z219] 2AFG-of| 1 x] WHELe] & Ao 7]<lsth

et al. 1996; Sparrow 1966; Thapa 1999). vfjo}2] y-A 2] z}=

3 4 lth(Kumagai et al. 2000; Kovacs and Keresztes

BT 40Gy A PAHS BT FA4 ok 271 2002) o] HE W ATFo| v-A RAL] T A=
A ot A E = T A (Kuzin et al. 1976) E= o, BEE, AAFE] tig AWAAS UEhl L gith
RNA 343 (Kuzin et al. 1975)8] &3] AE =514
Table 2 Effect of gamma radiation on seed germination
Dosage applied Species ziaztégepart Parameter studied References
. T Zeid et al.
20 - 500 Gy Fennel (Foeniculum vulgare) Seed Germination increased 2001
. L . Germination decreased at 0.2 kGy and no Chaudhuri
0.1 - 1 kGy Lentil (Lens culinaris Medik)  Seed germination at 1.0 kGy dose 2002
. . o Cheema and
150 - 300 Gy Rice (Oryzasativa L.) Seed Germination decreased Atta 2003
Pinus kesiva and P. kesiya seeds exposed to 300 Gy germinated.
10 - 300 Gy s Seed In P. wallichiana, 300 Gy was lethal and seed Thapa 2004
P. wallichiana L .
germination was restricted at 200 Gy
Maize (Zea mays), Okra 90% germination was achieved at 240 Gy in ~ Mokobia and
150 - 1000 Gy (Abelmoschus esculentus) and  Seed maize, 70% at 170 Gy in Okra, and 58% at 300 Anomohanran
Groundnut (4rachis hypogeal L.) Gy in groundnut 2005
) . . Germination increased at 400 Gy. No germination Kon et al.
300 - 800 Gy Long bean (Vigna sesquipedalis) Seed at 800 Gy 2007
Tomato o Norfadzrin et
300 - 800 Gy (Lycopersicon esculentum cv) Seed Germination decreased al. 2007
300 - 800 Gy Snap bean (Phaseolus vulgaris) Seed Germination decreased ]25(1)18,7& et al.
20 - 110 Gy Atropa belladonna Seed Germination increased ?lbdzeéblélady ot
. . Germination decreased. Seeds irradiated at 800 Rizdiyandi et
300 - 800 Gy Chilli (Capsicum annuum) Seed Gy failed to germinate al. 2008
. . L Germination increased at 100-500 Gy, and Shah et al.
100 - 1200 Gy Chick pea (Cicer arietinum L) Seed decreased at 700-1200 Gy 2008
50 - 300 Gy Pumpkin (Cucurbita pepo L.) Ef)?l(i ,n Germination increased Kurtar 2009
200 - 800 Gy Lepidum sativum L. Seed Germination increased 12\/([)%]§ed et al.
.. . Seed, . Borzouei et al.
100 - 400 Gy Wheat (Triticum aestivum L.) Seedling Germination decreased 2010
Hegazi and
300 - 500 Gy Okra (dbelmoschus esculentus Seed Germination increased Hemeldeldin

Moench)

2010
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AE Mzhal dgiek(development)

AzolA 4 e Azto] S5 uh AT &
ER AYEHA Fent AE T2 At e =
2ol wefsta st HA 9 W MAE Zshe
gofolth. AR o 22 Halet A goA o2

i e e Fe AR dHA Utk Ae
FTAY v-Al 2ARE A A 2 99 mAe A2
2 AHA ek v-A Y A= 54 FEiSH W] 9%
= AN, AEo 4, N d4 12la & 5o A
e s8olA 4E9 A4S 28T < 3l rkDishlers and

Rashals 1977; Zaka et al. 2002; Maity et al. 2005; Yu et al.
2007; Melki and Dahmani 2009). HEjsH} 718 9] M &3}
H H A= Gunckel (1957)2}F Sparrow (1966)9] 2]3f #22
= HAUESIth o]2jgt AFE 7|Rto R AlZtE H H Y
o] S (Patskevich 1961; Davies and Mackey 1973; Auni et al.
197850l A S 2boll WARA AP} 354 ok A A4
0% #go] st RS AA shelch Ea @
o /e]akoi v- A z/\].g =B J,]. /\lt' 22 T"é\;]—‘&]— ‘:}Ook@
SO AE B, 4%, eo] s AoE B
ZE ). “Z 2| Al 2 (Hormeosis) 2t §-019] o] 2]t &
AFO. thopst AR 20| A Thaske] o] ¢l rhLuckey
1980; Sagan 1987; Korystov and Narimanov 1997). 7134},
WARAo] AR A el o @) AR nEAE
o] W8] A A AR ek, dojxl AyEE o[ =
O] o 2|7} HolQleh AR, HALE WA S T EHA]

-

2 kel Ik HobAl, Alolgkel i 10%o]m, 22
Sespo] Aty ARIgE S0l oo BES SIS S

ofF& F8 FAZ A4 tehbe 22 oby thMiller
1987). o]l TEHA AL AR Fh] Wejsty T
of 22 wiste] AgH PAAL Mol A7) W 24
717k SEFT 2AAY] E ChOFE Ao R AR
ZOIA A B S o] S0 9 oA, 8
38 e o
000 Wi et al. 2005). & A
01, FARA Oﬂ gt A= ZFL—J el %311
° MXIU} /H*ﬂcq:rl 7:1}_]—%% tl()]-
W[E EEL AZE HYe Lﬂ

ﬂi
o,
m{n
2
_L4
=
olo
o
=
=
3
x

>
(R
ox N rlo

f
1914

_@;

-

=)

e

1o %% 4o

o o W

ﬁ i

% o &
_£E %
o o <
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=
J o 2 A, ’%‘% ke Z}%*l’?’a‘ A
4 Q < HoFH(Kim et al. 2004; Wi et al.
olof iz o TAF 2Abl ofs) SuH 4
A= A A 2E(somatic cell)7} EHst= ¢ A2 F71&
A A (cell cycle arrest) 3 = A LEFITHPreussa and Britta
2003). AP ZAVE A1E] AT} v-A 2AF A Abol
of AL Agel Yefsty wslel nEo] A4S
2 AS FA SN ATk B2 A Heke
AlE YoM FAY E5S AHA o= AASHAIT, A4
wpo] WAL 3 419 GHS olAITiTh. The A
o up7FA 2 AR 2ARE 222 U AY(endogenous)
of & dl(ethylene)S AYAFSHcH(Maxie et al. 1965; Dwelle 1975;

OZi
12

Table 3 Effects of gamma irradiation on morphological and yield attributes of different plant species (seed part)

Dosage applied Species

Morphological and Yield attributes response

References

Chineses Cabbage

Increased in plant height and fresh weight

Decrease in shoot length

Increase in stem length, diameter and leaf area except
In Pinus kesiya, decrease in root length
Increase in seed yield and plant height in O. sativa L

Increase in plant height

Decrease in shoot length

Decrease in root length, root fresh weight, and shoot

Reduction in shoot length, and decrease in root

Kim et al. 2000

Reduction in seedling height and induction of sterility Cheema and Atta
in all the three rice varieties

2003
Al-Salhi et al. 2004

Kim et al. 2004

Thapa 2004

Maity et al. 2005

Shah et al. 2008
Majeed et al. 2009

Abdullah et al.
2009

Decrease in mean survival rate

Borzouei et al. 2010

1-20 Gy (Brassica campestris L. Cv.)
150 - 300 Gy Rice (Oryza sativa L.)
10 - 100 Gy Corn (Zeamays L.)
Red pepper
2-16 Gy (Capsicum annuum) at 16 Gy
Pinus kesiya and
10 - 300 Gy P. wallichiana
Rice (Oryza sativa),
S0 - 330 Gy Mung (Phaseolus vulgaris) and Phaseolus
100 - 1000 Gy Crotalaria saltiana L.
200 - 800 Gy Lepidum sativum L
10 - 100 Gy Thai Tulip (Curcuma
alismatifolia Gagnep)
Wheat
100 - 400 Gy (Triticum aestivum L.). length
200 - 1200 Gy Barley

(Hordeum vulgare spp.) number

Nasab et al. 2010
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Chervin et al. 1992; Liu et al. 2008). @2 A8} o4 A&
o] AEo] 4T} 250l A v-A A} Ao B A
E9 H3lo ZAE Yeb L lth(Table 3). y-A1 ZA}o
O3} AlEo] A& oA 2 AT DNA YA Ale] o]
Q= Ao A Qlth(Lage et al. 1995; Momiyama et al.
1999).

VA BRI A Y] e 7S Sl FAF QE 2 (seed
index), 7§ B ZF(pod) 5= A B | & T
FokE AE S AR AR AR AT 9L
T}(Charumathi et al. 1992; Khan et al. 2000). Z1}4 &
71 Mok FEAIZI7] 1%t AR axtof #sto] A+
ok A}, WA 2ARE ZFol A WA & ASE A<, s
A& AAE 3Rk st oA &7 YERG T Yousuf et
al. 1991; Svelteva and Petkova 1992). 3} FAFSH A2 H
-A ZARE A F(French beans) o] A& AIAS =5
Z_}—% oq;(l—/\]ﬁ On;] iﬂﬂ}(okra) oﬂuH_4 2
! %DH Zo] Z7}7 #2E] 9 tHDubey et al. 2007, Mishra
et al. 2007; Sharma and Mishra 2007). Soehendi et al (2007)
S5 Qo) -4l 24 A A ate] G E 4 9
R Sko] Aol PabA 2 oty AAFElY T o] vk
AAegol 4 FESAA Gehdhn musheich F4
So] AAYS St 506y v-H o2 £A4S3LE ol of
FollA = e 3 (faba seed) N SE Ab= 9] a7t
ol B 15 ¢l th(Artk and Peksen 2006). E3F &
|4 A& A4 ol e ske] 20-60GyE %
o] AT 7 oF 50% ZrAgtcttal H 18kl
o) A BT fAbste of Ao W
e el ThE 50% +x} ks A
Z ThH(Fillipas et al. 1992). o] 2|3t SAFe] ¥l o2 HhA}
A A B phoem) ] EAHE A%% et A
E £ oplstglon, B B Rult WA A
Z74) 98] dEtRctal B 1% I th(Thiede 1995).
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(RaAPa)

>
off =

v-A ZAL= 3
OPE%X% 9] t}H(Lapins 1983) v-A A 9] AAE
(photon)52 M ZEW #2537 RHSshs Ao® <
et o8 Aol A, ol AstelAl | we 24 oAt
gt Ape) £ e o] & Bl da BHesE
ol v-Al Ao o ZraErhal HAlE glth(Adilson
et al. 2002; Maityett al. 2004). WFARA 2
Lol A EZE = (glucose)} 1] F E AL (pyruvate)d] -5
S7FA 7121 ofA| EAL Y (acetate) it <54l 4k(succinate) 9] &
52 2N e B3 RE 719 SR
o] 8- A Al % th(Bourke and Massey 1967). 15-30 kGy
Aol A T Adg A&7t 2& ofnfeqte] At

SL(Dacus carrota
OA=

12

A

o

St 1 A% BESE GAEte Ho) way
Irawati and Pilnik 2001). Machaiah and Pednekar(2002)
Zye = (Cicer arietinum), ZE(Macrotyloma uniflorum),
(Vigna unguiculata)o| A WARA ZAFFEQ} v ZAFE
u Bl o] apolE sk FHFY Az
Apof A WA 2ARE A EY 2 u% Afolof 7}
T Py & nERE 2ol HAE gLl
b 2pol= 7o wEollA S sHAl YEbgth
o v-Al opm|ieAb AAES] FRkol wsted

ogﬁ

-z
OHJ

it
)
rok

kI H ol it 1o oft rlo 3@ nE
ol ffo
o
l_‘

I o
=
o
8

v-A9 A= FA S A S HA Fe o g oyl
L ARS AAFSC L B a1 E 9l th(Adilson et al. 2002; Maity

et al. 2004; Kiong et al. 2008). QWFH, v-
ol A|5}7] = Strh(Adilson et al. 2002; Maity et al. 2004;
Kiong et al. 2008). =2 Ao 2 WAL ZALE Wil Ao
A el A 0} ghpShE o) ko Zhav) T Qi th(Hagberg
and Persson 1968; Inoue et al. 1975). L1} Lester and Whitaker
(1996)2] Aol A= 1 kGy =AM HATWE ] dF o
zuto] AR 10Y Fol|le FAH= Aoz yHEE Sl
ESFy-A ZAFE ohA 29] o)gta t3=(Phoenix dactylifera
L)o] % 97 ofu|wAle] Sheke =Ae) Aw} m2e 2
FEFRIAL, ofAmtEbzlAk, A’ S| AEd, 24l Bfo] =4
0012_10: ]:]—/\ 71-/\6]- l:l]—D:] Uﬂ]ﬂ_?_b] o]-o]/\EA] E/\] o
o4 Z7bstcta B sk Qlth(Auda and Wandawi 1980).
0131 AFs=FY ol oot il njvE, v
ol L R 3 B4 el B
Holz] gFgtom, AAjo] 10 kGyE d& Aol
ul2k71 2] 2-0] B = QT Pradeep et al. (1993)2
1O Qloll 4] gho] A} 5] AEdol v-Alof F3Fa WA
ot 25ttt Al-Jassir (1992)= garliculbs (4lium
sativum L) Al of2AH, g ed, o], #Hd dehd,
4l 5ol obvlietto] A% F7bel9le S WA
T, ZAPE REEOA 1 9] 42 ofu] bR
a3 vt depon, 55 22 AFolA ojd &
a7k E5ebl BaE D wushech

Marchenko et al. (1996)} Ussuf et al. (1996)2] A&
A 248 4g AES) A7) BE dAYZES AR D
Atk AL et B3 ol ggt W] HAYSE
e ofm Il AA 2 H| L, Al AHF), BASHE Al A B A
(superoxide dismutase)S E§Hot= EZ oL ojg st &2
S uEo] Y 549 AL Ao s dojutt
B33 QTHQui et al. 2000). 7+ }57]9} I Ttol my
okl Q1= At (sucrose) Q] k-2 ZFAH(Solanum tuberosum
L)% 7% 3~4 kGy<] v-Al Z/\}Oﬂf\‘], J1SFulIpomoea batatas
L)= 0.8 ~2 kGy Aol A |2 Z7}5 ¢ th(Hayashi and
Kawashima 1981). @2 A&9] v-A-2 A& U &4 AlA
do] Y4518 Foto] ABa0l §HS F7HAUL. o
2ot A3}= BEulE(Lycopersicon esculentum L), 244>(Zea

Mo ol gy
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52 2z rhr e
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mays L.), 2 (Oryza sativa L.), D(Triticum aestivum L.)I} Z¢
© thopgt ABEe] LA R0 G G249 Hol
v-A A} Fo Z71Egithn Budl ohE G AnE)
A 2| 3tch(Zeerak et al. 1994; Al-Kobaissi et al. 1997; Gautam
et al. 1998; Rasico et al. 2001; Osama 2002). Sochendi et al.
(Q007)& 50 2L glof y-A1S ZAFE A9 Ao

FFeR F5H Wyl A9 s dFE FH A
e Mge € 4 Aokl lEskilh weEkd AEd
o AR Qo WAg 2 MR E =7 e A &
=T AR = AE Aoy wEA § 2 e
Eoh Eoh v-Al2 of7e] el e ST a4
op7|AIA T selo] MYPE o7 AR TE Ao
QA

)
i)
2

t}. Rashed et al. (1994), Yoko et al. (1996)= 2=
O] §HA DNAY| v-A A A5 AR
£ DNA 7} (strand)2 2 A} f3Fo] A 22
= RAAL AL DNA S R 8 24 49
HA Al Artk and Peksen (2006)2 7343 A gto|
25, 50 Gy AtjAo g o yv.Aog RAESGS u
Aotel Satsgolaiel wag WAL
o =2 Ao v-A AR HEoA A dde
5}A] Z5}1A| 3F(Kovacs and Keresztes 2002), A 2 (F o] )
9] H3l= 40, 80 183 160 Gy 2 A 2% Holcus lanatus
of Yo A A = A h(Jones et al. 2004). ©] A2 A E
Hejeop 9o} 9 aga HAE7 oA e YET %
719 gstx2o] AEA7F A= JLhel v-4 2AKI
kGy)= GEA 25 HP A Z F(Keresztes and Kovacs
1991). Byun et al. (2002)2 HAta} 2H8- ¢l 0 HA 2
oA 2 dEAaE AEAZIAY AATEH] $I8] BA

ol

m]n

2 3 Ay ek e
i
—\:T—"

3:.5;

A 71eS ol &sklth

v-A AR AP A 549 MF o R&5HA AHEE
9l th(Kiong et al. 2008). v Ao AEsh 2t fE7lE
Ay 4kst7) H?‘} Az, 583 =9 AR £49 A5
Zof 7]ure E}(Kovacs and Keresztes 2002). o] 23t =}
HAaE AE Az Fa FAHaL &4s FA ¥
Fe 2d - lon, PAR Aol el A=0) 43t
oF a2l Aol 44 tEA IS & 4 vk B

%) 9l th(Ashraf et al. 2003; Kovacs and Keresztes 2002; Kim
et al. 2004; Wi et al. 2007, Ashraf 2009). ZAFE Al &4 32
o] 24 BES T3], 50 Gy WA 2AF o] & F&
Ae) AA F2H WSl BREE A0R Hof vhE

713ke] vlste] FEATF v-Aef Uz A & 5 A

o} A A A (plastids)= F 7FA] WO R AL ZAL
FFE okt &, =31 A9 FEA A&(Kim et al

2004)0] TH(Table 4)

ASA o ware] HHe F2 Tehih(grana)9] 73]
o Folgtal 7S 4= ltk(Kovacs and Keresztes 1989). O]
o W ABES Ao, &S Fwo| B AR,

We Wi 2o e Be) AEHA RAER Qe
of7|E k. H 3 & o} ki (Molas 2002; Barbara et al. 2003;
Quaggiotti et al. 2004). 121} W2 AZFo] HIALA ZAME=

= A0] At) o] ol2ig WEE op|siAE sl
=0 Mo R Ao 2 RotE ZAFS A chalz] shA]
TEHE F3, o 7tA w3l Eo] wdl 171 549
I e H‘;E}(Hammed et al. 2008). y-Al RAFS wke o]
o] Q184 BAL 200 Gy oA AAA FAE mol2g)
tH(Borzouei et al. 2010). Kiong et al. (2008)- HEA 9] A
L @24 po YOI} ARA b AT T G
olgtal B39tk t2o] Kim et al. (2004)-& HOP/\]- AR

Aot MRV 20| gl Tate] Hrlshy
16yS) Aol B A EEON @847t o 2% 2
7he Bolvka whaEskdek o] PR 2AF 3 A B °‘°1
A A EFO] ME o HEAo g A 5o A2 27l 7]
o5l A0 R AHA QTHKim et al. 2004; Wi et al. 2007).

HE S AT 358 Slol, EA v-Al
ZA} Aelo] aFrt AT E ATk 4002 800 Gy o] HARAL
2R BEO] 4] glo] FSlgh AAE fEslg, BE
G AA B4R 2AE 558 E3F oA 519 tHWoodstock

DIEERE=

_—‘l

and Combs 1965). =9 &z ¥h-g o2 of7|H 7+ 4
FAA a37F £8 Ade sk A g gt
=9 YA ghetste W E, & AR ol uhg-ehe
A REgoll A= EHlT'—% FgelA 22 gt &
Bolrt. Aol 2lo] HAKelelectron)9] F8 FIh= F
ol Ay AAd EAE oMY FA4sHAE

(localization) ¥} A} ¥Hglo] ¢Fo]& 2t A o] Fauhg-& o]
31X SH(dimerization) Ei= & SH(disproportionation)®f %]
w2 = 2oFA] 2} 3} (deprotonation)o| T, I TFE FQ a1}
+ e & 712 B d(decarbonylation) T+ O] A WF-S-
(dissociation), 18] 11 &} FZH(electron attachment)©| T}, ©]
23k f7HA jEg-2 EE E Ao = fAK(the excited
triglyceride molecules)ZFE A|Z+E 4= QIt} o]|AL, F
8 =7F A A E(principal intermediate) 24 -2 AHA7]19] §
Hg op|AFT ol FRHOR BYT HF ANES
gHS ol Aolth HEE Be Aake] WA 24}
wASE Ao FRA fo) davlel B ofF A
2 B3| (lipid degradation)®] X2 A7|7ke] a1tE B &
Aoz A & 4= 919S A o|thKatsaras et al. 1986; Voisine
et al. 1991). 10 ~ 15kGy A TFQ] WARA ZAR= free fatty acid
level HAE S7HA 7= Aoz HEEUT v-A A
HEMuimeg)o] ] E2jobA 2 e N E0] Gl F44
Dot S| A Aol 27171 32hE] 9l tH(Niyas et al. 2003).
ubR7EA 2, Woke] et AL ZARE B 2] 3has)
Z+g- ol A E 71 A F th(Rogozhin et al. 2000). E3F 7
A Z ALl o] gt oAl 2 2] Al E(acylglycerol) 2] 53] 2} o]
2 QI AHpAR Q] §-Z0] 3ol ¥ ¢l TH(Niyas et al. 2003).
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Table 4 Effects of gamma radiation on physiology and biochemistry in different vegetal systems

Dosage applied

Species

Plant part or

Phyiological and biochemical response References

age/stage
2.8 KG Kidney beans Dry kidney Increase in deamidation, and reduction in  Dogbevi et al.
M (Phaseolus vulgaris L.) bean sulfahydryl content 2000
5 - 160 Gy Yorkshire fog grass (Holcus Five-leaf Increase in shoot nitrogen concentration Jones et al. 2004
lanatus) growth stage
0.15 - 0.30 kGy Onion (Allium cepa L.) Bulb Decrease in glucose, fructose, and sucrose 2Bg(1)1i<ebha et al.
Chamomile Increase in essential oil, carbohydrate Nassar et al.
20 - 100 Gy (Chamomilla recutita L.) Seed content, and sugar content 2004
Rocket (Eruca vesicaria Increase in total sugar increased, total free
30 - 300 Gy subsp. sativa) Seed amino acid, total soluble phenol at 20 Gy Moussa 2006
Soybean seeds Increase in total phenols and tannins at 1  Stajner et al.
I~ 10 kGy (Glycine max L. Merr.) Seed kGy 2007
.. Node Reduction in chlorophyll a, chlorophyll b, Alikamanoglu et
5-30 Gy Paulowinia tomentosa explant and total chlorophyll al. 2007
25 - 30 kGy Velvet beans . Seed Increase in pr'oteln' cont.ent, carbohydrate Bhat et al. 2007
(Macuna pruriens) content, and linoleic acid
10 - 70 Gy Orthosiphon stamineus Shoot tip Decrease in total soluble protein content géggg ot al.
2 - 16 kGy Nigella sativa Seed Increase in extraction yield gél(;tgt ak et al.
Okra Increase in chlorophyll a, chlorophyll b, and Hegazi and
300 - 500 Gy Seed Pyt 8, PIYEL D A0 Hamideldin
(Abelmoschuse sculentus L.) total chlorophyll 2010
Soybean Decrease in total chlorophyll, Fe, Cu, and Alikamanoglu et
100 - 500 Gy (Glycine max L. Merrill) Seed Zn, and soluble protein al. 2010
Wheat Increase in total chlorophyll. Decrease in  Borzouei et al.
100 - 400 Gy (Triticum aestivum L.). Seed proline content 2010
5ol ks Ao Aol fdad Ay sdsAl  Hebd R§ HY Y SR kol oAl 2 U
A4, %Xlé‘, T AL vl 243 AT dast ) e SEE o] AR 2Abl o7t Gl st

A tH(Perez et al. 2007).

Ma|gy ST 2% MR 3t -Mo| 51t
HEAA 239 A AT el ol aEe
HiolE, Futel, e IEh)e 4B AdTAe] A 4

AHZo|th(Dixon and Paiva 1995; Douglas 1996). 11

als *'%Oﬂ

Qlo] A, 3lo] EE A AL o A & (hydroxycinnamic acid), Al

Urd o A2

(cinnamoyl esters), =t (flavones), &
1 =(flavonols), & Ao} (abthocyanins)= UV-A%} UV-B
£ S48ttt 784 9 phenyl propanoids(PP)s= 304-350
nm94 B 9ol A, v 7F8-4 €] PPsi= 352-385 nm ¥ 5=¢] =}
E%}] oz B3ttt 3| @ olo] YgEw 1
0] HAPY ZAe] Fao] Batol AL, Ahue of
ﬂr o] RIET. ofalFt o5 F2 429
23 ZALE AgFo] 2o wjFEo|t) Koseki et al. (2002)+=

l’lﬂi 0_14 o

o A7agich. o Aol ola) SuE Held o2 g o
H o] kR g AEG| A, 10, 20, 30 kGy©] HIARA Aeko @
A 51B.9] oF2|shA Q] AF-go] uRARo| HlSf Zfo]
7], [e3] OO] §]—O]E]()1Xﬂq. X—]E O]: _L]- 0.]1:1 /\H/\]—EV] Z
Abs okt Hoht AR Sa% &S $A 4%
o E op B8, S83t eb e 178 kGy7hA
ZApelol ) e Ty 2o RS WalelA olsk
TH(Soriani et al. 2005). Mishra et al. (2004)2] 1G04l 5 kGy
Aol AL ZALE AZFe] et Tkl T4 R
Ql, 6-% A= (6-gingero) ] HAE of7| skt HilstY
o, Lee et al. (2005)2 13272 A= 3, 7, 10 kGy <
Z Aol &= Z AL (capsanthin) 2} 7§ Al ©] = (capsanoids) = 91
S w2 gk A 2 HEkA] ohQirkal HalskiTt. Calucci
et al. (2003) ol F79 FACEHE, =5, FL T,
Aue, HEW(SF), 287, &, 220, Al
o|=)olA B Aba(frEl 7))ot kst EH A v-A =
Abol dmafof ate] AsRTh WA A=

electron
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paramagnetic resonance (EPR) &338hoj A YEld AX4H 2
£ ERZo| 4] F(quinone) HriH BHe| bt 0y
9] 3| HE A ofA T & H XKascorbate) o] 2 TAE B
t}. Polovka et al. (2006)2 7} S5 39| yv-A ZAK5~30
kGy)= H|2A 2252 Bl of, FAikst 4o F8
3 UL AT AL W 1Y F
= E| @ H} 2 H]E Ak(thiobarbituric acid) J’%/\j gé_iﬂ
Ao A BrAE T 15 kGy Aoz o] u
A XN Brassica nigra)} Ay FLE2](Cassia senna) (pods) ]|
A OF 13%0] sl gaFe] 27171 vepsteh, 2o 271 of
70% 0., M| L(Cassia senna L) A 2HAE Qi ol
(Lepidium sativum) (25.6%), S| =12} Cymbopogon schoenanthus)
(49%) OIA% 277} ekttt olshi o 15
kGy9 ZAt= S 23N (Trigonella foenum-graecum L.)2] |
o] Skeko OF 4.1% 7FAAF oH, ] 8| AA A(Hibiscus
sabdariffa L), 7}A| o}7FA OH(Acacia nilotica Lo A= 4
b LB AL Al SR ohie Bl Al
= 33%% 2 G =182 (Cymbopogon citratus)ol| A T2 &
Stk 2ol A agol ol v-Al Ak m3E o
of AFEAE o} o AEHY B Ay
B 5t Adamo et al. (2004)2 1.0-1.5 kGy Ao
2AE $29 BESAA HETEe] 5718 masts
oo, 4] T3] AT 2L el o) e 2
= AEo] B EAF] 7HEA HEol REEH U=
AEZS Aottt HED Ao A Variyar et al. (1998)
= oAlE @YU FAE] v-Al Ak whek =3I o
A Fol2 Uehde HolZot vAA EES v

5
hl

S}A}FH, sabinene, [3-pinene, elimicin®] HafF-2 7FA S HEH,
a-terpeniol, 1-terpinene-4-ol, myristicin®] &2 BFARAL %
A e 64 STk Ak 2k
A 2 oAl L A1) FEEEe]l Y3} cardamom

o A 35} t). Seo et al. (2007)2 ZtA(dngelica gigas
Nakai) o AlE @ A(H7)9] 44 ZMA duf-ed s
(a-eudesmol), H|E}- 2 & A E([B-eudesmol), verbenone} -
AF2} €| =9 (oxygenated terpenes)©] AL AL F F7}
gort 159 s ] o) et Wk
£ A dehysich

Breitfellne et al. (2002)= E7]o| A ZetEco]= 9] yv-41
249 BRE QAP TR BESOIA ] 7
S5 AHEHE AL, 4-510] SR A WAL, T} Fok2 AL, 7o)
AAhE Fstlor, tAle] EuhE e o] E[(+)-catechin,
(-)-epicatechin, kaempferol-3-glucoside, quercetin-3-glucoside and
quercetin-3-galactoside]7} A& E];’i%% H 3k} 4-3)
EZAMALY FEE SR, AAE2RT
A}o] E(quercetin-3-glucoside) 2] —‘g—E7} 6 kGy9] A 7tA|
kA Fa golols A= g, 7 713} kaempferol-
3-glucosid®] &= FAF AgFo] S71ghe] whet Zaskgl
of AlEZoA HE3EY F3o] Uggoen o=
phenylalanine ammonia-lyase (PAL)Z5 2] 73} o Folgtar
AE 4= 1S Zlo|th Bhat et al. (2007)-2 #HBIH1 9)(Mucuna
pruriens)E Ao Al 1] EARN} Zhe- P 3F5HE0] 15 kGy 9
AEFO] HIALA RAFR 018 A E] A AE k. B st
AUtk HEARY] Za S22 A= A 2APE X3 E
= &t WA {9719 &l Yol Ql4kS} oAl E

i)

= ==
2 FE Y

%

Table 5 Effects on gamma irradiation on the oil and metabolite content of different species

Plant part or

Dosage applied Species age/stage Metabolites and Oil content/yield References
5-15 kG Rice (O. tiva L.) Bran Decrease in total E vitamers and oryzanol Shin and
y ce (Oryza sativa L. a ecrease otal E vitamers and oryzano Godber 1996
Mushroom .. I Mau and
1 -5 kGy (Agaricus bisporus) Fruiting body Decrease in Eight-carbon compounds Hwang 1997
. . . . . . . Fan and
0.89 - 8.71 Gy Orange (Citrus limonia) Orange juice Decrease in Myrcene, linalool, geranial and neral Gates 2001
10 - 100 Gy Maytenus aquifolium Martius Leaf Decrease in tannic acid g(a)l(r)r;pos ct al.
. . . Non-significant change in the major volatile Seo et al.
1 - 20 kGy Angelica gigas Nakai Leaf compounds 2007
1 - 20 kG Licorice Root Maximum level of total yield of volatile Gyawali et al.
Y (Glycyrrhiza uralensis Fischer) compounds at 10 2008
. . Abdel-Hady
50 - 150 Gy Atropa belladonna L. Seed Increase in alkaloid ot al. 2008
2 - 16 kGy Kalungi (Nigella sativa) Seed Increase in Extraction yields and phenol content 2K(§lg§t ak et al.
10 - 70 Gy Orthosiphon stamineus Shoot tip Increase in Rosamarinic acid content Kiong et al.

2008
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ool AlEE WET] A% HEH o EY ez Qg A
ojth. MHO|E Ao I E thE AL vHOJE 1L
g E F3 Aoz AP hDuodo et al. 1999). npzt
THAZ, v-Al AR R SAIAE W 2AF 2 22

S Hls| 9 EAY] =28 A A Z th(Al-Kaisey et al.
2003). JEFat HEMo| A= 2 & #Hz4bol| A At H
3t7F UEbstth RARE B2 Aol A mhs4tat A4
(syringic acids)®] §FeFo] F7lstttal HEqlch Bz
FEE| A ubz} Ful2 AL 9 &AL synapic acids®] 9
of oF Anto & skl 7HH QAL HE AR o] W
shA] ¢Fil A2 Jolgl= W, RAE B HEW 9]
Ao a2 Folls T2 B FANY gt fot2

NE AL B2 A HEES W g2
HZ2EY G vlaste] & Fo] WakE HArh v-A =
Kol ol W SRIBETD ZUE O £ FE5E
= Aolck A Aol A ARG AP} T K|St
Qo] EhdS AAAZItkar B 15hal Q) A]9F (Villavicencio et
il 2000, TR Aol §AH FHETS] he S
| 2 Aolch 71 10kGyQ] XMTFO 2 Shahalla sorghum
varietyoll WALAS ZAVE A9 ey Bl Hae] 7k
7} YElSE O\, Hemaira varietyol] QlojAl= 1 @3p7} 3z
%] x| &t} (Siddhuraju et al. 2002). A1&9] FaAdE o dfjst
V- 2ALS] Bl choet QTEL Table 5ol Rkl
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A% M B BAS 913 haFe ol At
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