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Effects of Low Dose ¥ Radiation on Early Growth and
Physiological Activities of Radish (Raphanus sativus L.) and the
Reduction of Ultraviolet—B stress
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Z7kstgom SODE 130% Z7bstadrh. AMF viel 2AE ¥ AEAY UV-B ~Ed
2o g vhgS AR A3 Ho 3 e (Pmax)S tlER2TE 76%, 10 Gy FAMTE
5% WAE wolm YETsh AN BATFR Aot Al gtk BALS FsH &

& Fv/Fm)e 2E# 27 Jdalge wef Ay e 43S Holm gx=4 45 UV-BE 44
7+ AE3S w Fv/Fme 75% ZAAstd oy 10 Gy FAMTFE 69% ZAFH AT}, Fox &~E
=7t Agdd ugt F71EAL Fme #AAFRen dzgo vls Az ZARE7F

UV-B 2Edze] dsl 9 naw A0z ekt odd A4E Bl A4F 43 o
W Sus wa B FAA T ABAYD A% ) JHL A Aow woln EA
of UV-B ZE# o] g A3 a3E A= Aoz B2bE.

ABSTRACT

The effect of low dose Y radiation on early growth and photosynthesis in radish
plant was studied. The seedling height of radish was stimulated in plants grown from
seeds irradiated with the low dose of 10 Gy. The O2 evolution in the 10 Gy irradiation



group was 1.2 times greater than in the control. The catalase and peroxidase activity of
radish leaves grown from seeds irradiated with v radiation were increased at 10 Gy
irradiation group as the superoxide dismutase activity of leaves was. To investigate the
effect of low dose Y radiation on response to UV-B stress, UV-B was given at the
intensity of 1 W -m ’ to the detached leaves. Pmax was decreased with increasing
illumination time by 76% in the control, while decreased by 75% in the 10 Gy irradiation
group. The photochemical yield of PSII, estimated as Fv/Fm, was decreased with
increasing illumination time by 75% after 4 hours while Fv/Fm in the 10 Gy irradiation
group was decreased by 69% of inhibition, indicating that the low dose Y radiation
retarded the deteriorative effect of UV-B on PSIL The initial fluorescence (Fo) was
slightly increased with increasing illumination time, while the maximal fluorescence (Fm)
was decreased. These results showed the positive effect of low dose ¥ radiation on the
seedling growth and the reduction of the deteriorative effect of UV-B stress on

photosynthesis in radish plant.
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Al Ag D BRI EAL D A YE F FAZRE Tulo] QoA AlEE A FAR BY
e ‘i*%’%% Agtgan, AAE A AR AR AAAT 2N BEF ATIE
AN (PCo)e ol g3ste] vA 0, 2, 4, 8, 10 Gy F=o2 7AxEAY AA ZASAL =

Abd &S Fricke dosimeter® 24 3%t}

eAAMAT A 2} Bed B4 1009S NFES 2ash 11 208 A7
15cm potel 1094 108302 sEste] fo&dols] WolalA 3E 79 Fol Wol&g

ﬁ
24453, 209 Folt 29e 245

Z2EAN FF 104 F 099 ¥ 9 03 g B AAALE AS AY
) Z(pH 7.0) 06 ml& A7Hd thg AR e Qe 4
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B4 A =74 : Peroxidase(POD) &4 pyrogallols 7| A& AR&3E Wi we} =43
Aed, 2E&429 100 pLE 3 ml cuvetted] ¥ 01 M <14F ¢kZH(pH 6.0) 0.32 ml,
0.147 M HO: 0.16 ml, 5% pyrogallol & 0.32 ml¥ SHFF 21 mlS &4 HL& F 420
nmo| A 20%7F Aol A FFE WstE S435te] ekt E3k catalase(CAT) €42 7]
Al Ho0p9 #HAHS SAsts WHE AMgsded 24254S A¢ E’}%%"ﬂ% 0.053 M

o
HoOo 1 ml, €4 0.1 ml, 0.056 M ?l}\‘l'%Aou (pH 7.0) 19 mle] &Aoo 3} 240 nm
AH FRE FaEs 157 =439, Superoxide dismutase(SOD) 2 % Spychalla 5"
o S Wgste] SAAH

UV-B Ad : UV-B A= €A 2% (25C)7F FA%+= A&7 (growth chamber)l] A
petridisholl 93 =eFe] AdHAS #e § o] = A FEsdurt. UV-B AdE
93 FPo R UV-B AW EZ(XX-15B, Spectronics Corporation, USA)E AF-&39 o1 0~
4 A7F Zok =89, UV-BY # X%+ Digital Radiometer (DRC-100X, Spectronics
Corporation, USA)Z ZA&t¢al & o] 2188 %= 09 W-m~ gk

A A FA 0 A BAe 9JdAHEE Hansatech 4F4 A= chamber, Model LD2
(Hansatech Instrument Ltd., King’s Lynn, Norfolk, UK.l o] 25C 7]A] el A
stArh RS gk VAR AFEH = o)4bstet A= 1 M carbonate/bicarbonate £3589
(pH 9) 2EA ] AA FF39H”. Pmaxi 1000 umol - m - s 'l A =434 on
< FelA e FFAHES neutral density filtersE AH&3te] 24 3HG

>{$_1



944 I3 = AE4L FF2 Xe-PAM fluorometer (Heinz Walz, Effeltrich,
Germany)& o] &3t =459t UV-B 2EHA 5 T d-ARNES ¢ fraa AF
chamberQtell Al 30 &<t & AEAIZ & Fo(RES FAlol E#Ue W F3)ok Fm(gt
e & HY d3)S SAHSIGT. 94 dF F4 32 xenon-measuring flash lampE %3}
o]  ZA}SFA3L(05 ., actinic light(600 ummol - m *-s "¢}  saturation
light(3700 umol - m *- s ) O 2% main control unitel]l <3 %A%+ actinic-/saturation
light unit(XE-AL E35lo] ZA} }“E} AEZ4 I A2ELS actinic light ZAdA < A
Aol A &EHow FFPAEE Tt E3tFE FAbste] EA ST A EO] Y Qa
7F AteEEA HE #3}3t A (photochemical quenching, qQ)
oj#f shiL, Hefsiel e oA ofEA4 2 (energy-dependent
quenching, qB), 37 =g FAsH wE = # A3l 2 (photoinhibitory
quenching, qDeolg} 3&tH, olu} gE® qIE T4 ¥ E3}sk A8 (non-photochemical
quenching, NPQ)olg} &'V n)33}8t 4w A4 Schreiber 579 Aelol uwpe} A2}
e,

umol - m
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NPQ(nonphotochemical quenching) = (Fm-Fm')/Fm’
dpsii(effective quantum yield of PSII) = (Fm’'-F)/Fm’

Fm = maximal fluorescence (dark), ¢Hejol A BE BAI 28 4o 23S uf
Ho 37
F = actual fluorescence, F&7do] F==1 AT ot AA HF

F'm = maximal fluorescence (light), ®o] &= dEjolA EE FAI w8 FAo] &3

A& e Ao I

A= 25 mM HEPES7}F %83 80% OWE HEgAS A}
4= =l

F%3%3 Porra 579 Wyl 9ste] F o

o i o8
2 P o4
_:L Ll w

Total Chls = 19.54A6s66 + 8.29A6636

2 3

VAS ZARGE Fof 27|AS A}
TAre] dopel x| A& mAE FFE Lolry] 95t vAS
AAQE Baf BEaGh F3F 7Y Fo] xAS wol g izt

N% Bz AdE St Fadolge] Fzstdon vl =

W



Abell e oW zo]lE WolA ZktH(Table 1). #F 209 §F =
cmol] HE 10 Gy ZAFEE 1406 cm® 7% ALE Z7bstg oy A3 59
(Table 1).

o] A% F 24 o] 2963 pmol - m ° < ¥, 10 Gy FEAFFE 3322 mmol - m “2
gz Hl& Ya S7Mskes HAEdS RYtH(Table 2). 3+ $E4 a/b & UERTE 218
o], 10 Gy ZAT = 22490 tH(Table 2). A v =AE &4ksk 249 SODE/
oAm st J&FS v X =2 FAS A glz2Fe F$- SOD 4ol 1424 unit?! ¥4 10 Gy
ZAFFE 3313 unite 2 dlZ&el Bl&E) 130% S 7FE AtH(Table 2).

. ¢} — e}
chebt 87 2Ed 20 od fuEE 4% 2EA2E A4 SR B0 e
4 Ak F 5 AT A¥el £48 AN Axele B YFE i

ol rﬁ

JE olN Koo

W owpEl g A2e o)Ed Ak ~EF 2o sl ascorbate, glutathione, carotenoids
7o gara Edoly SOD, CAT, POD, glutathione reductase(GR) 59 @413 &4 2
WA oA olelgt ~E# s diMstA vk AAwe] vAg FFAG ATl Alotivt
g Zolell ZAIRS W Ax F29 F7F} g E9 SOD, GR &9 #itst &40 F7kE =
A FREEJ = ol AdgFe] WAbd A=Fo] Abst ~2E A sto A FUHE e FAtks &
2ol B4 ZFrkek BEo]l ASS HuE Aol wEbrM B AP AdF vie] ¥
o] kst g4 &4 Wt ojug JES H A= 7HE ZAFS T Fig. 1914 He vt

2ol AdFe] vido] gl de] Fhefol= TS vMAA B HoE HYouy CATE
AL dlE=F7F 0.05 unitgl ¥H9, 10 GyRAFFE 0.07 unit &2 izl Bl 30 % S 7het
R, A ow AdgE ZAAA Frbete AES Bt POD &4 x4 0.19
unitG i 10 GyRAHE 0.25 unit &8 thzTtd v 8] 29% =718t Ak (Fig 1).

y

oy

4. 2 A

& QoA FAA <4 = (photon fluence rate, PFR)| wt& 334 EAS FALe7] 938t
o] Fako] w2 AALAS AT Fig. 2a ol B wke} o] tixT1¢t 10 Gy v
Mol zAbE ¥ Ak HHAS 1000 pmol cm C - s 9 Aal—oﬂxi JQE]L Aoz e
th st A Zhzhe] A BMAe gzt 24 10 pmol - m , 10 Gy ZEAME 12
pmol - m - s '®= o 7 1 AlE 1.2 WA= l:n% Ao= L}E}W}mg. 2a). i{’%%fﬂ 73

ZTE 089 umol -m “-s ', 10 Gy ZAFFE 135 pmol -m “-s & AMF yHeo] x
AE RS W SUMste AEFES EATH(Fig. 2a).

5. UV-B 2Ed# 20 wE 44 e] W3

UV-B 2Eg2zd] gg A= vdo] 2AbE F A& vhg Wsts dolny] $at
of vlEre Adw v A QoA Aol F¥4 F(Pmaxe £ASHAT Pmax
¥ 9o aka wae] XehEE 1000 pmol -m s '] el SASAT Fig 2

i



= 1064 pmol -m >+ s 0] 10 Gy FAFFAME 1207 tmol -m - s ',
2 UV-B 2E#AE 447 =9 $53S v Pmax:s thE19 4% 254 umol *m
s!' 02 76%9 TAaE 10 Gy FAFTFE 301 tmol m Y- s 'R 75% #AE mgow o
2 ARG 2P ol A gl

oANM H= upel o] tfETtek 10 Gyl vAlol ZAME Fof AbA MAES AR A3 tix
)
2

6. UV-B 2E# ¢ w& g3 stepnge] W)

e 7] AFo] Frhstal ke @Al o] FUtEE AME 10 Gyt ARE
A EA 2 UV-B 2E# 2o o3k Hk-g- A o} 1 7] _,4 o] UV-B 2Ef A2 &%
P 5 d54 F3S SAAY 94548 FFE T2 GF5L adA WEE FdAEH
qe #AAZE dvke= Bl WA oFE JFFPAE XS %‘—oﬁ}t AFZ AFEEI Q)
Fig. 3a oA X vpe} o] UV-B 2E#H 27 g we} Fv/Fmo] Ay s %’ff}
Holw dlzte A9 UV-BE 4417F AF39 S Wl Fv/Fme #ol 02 AER 75%2 7
25 B 4 Aok R 10 Gy AR A% Fv/Fmagte] tief 0.3 A= ozt vl
UV-B 2Eg 2z disf & mzgk 3102 Jeluth(Fig. 3a). AL 34 +&S e

r
i‘&
il

X g o

s F

d

tilo

e fpspe 1279 A9 UV-BE 4417 AgdS o digf 90% 748t Wb, 10 Gy
ZAFE 84% rAaE ATHFig 3b). AN &4 Fool 719k Fmel #4ag Fukslsd
w AYM= UV-B 227 g wel Fo S708 whd Fme #Hadhes A<

Hom 10 Gy ZAFFAA UV-B 2E# 2o digh Aslavrt AdEes 2oz Yepytt

(Fig 4).
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Table 1. Growth response of radish grown from seeds irradiated with different doses of

v radiation.

Dose Germination rate Seedling height
(Gy) (%) (cm)
0 929 + 24" 13.09 = 0.09
2 94.3 = 0.0 13.53 £ 0.09
4 871 + 24 12.69 = 0.09
8 933 + 19 13.01 = 0.12
10 91.0 = 05 14.06 + 0.10

* : mean+SE

Table 2. Changes in the chlorophyll contents and SOD activity of radish from seeds

irradiated with different doses of v radiation.

Dose Total Chls SOD activity
,f, Chl a/b o 4
(Gy) (4mol - m °) (U+min - mg )
0 206.3 =+ 21.10" 2.18 = 0.06 14.24 = 0.63
10 3322 + 1370 224 £ 0.01 33.13 = 1.87

t : meantSE

(a) (b) )

0.06

1

Protein content
(ma/a fresh weiaht)
o
Catalase activity
(unit/mg protein)
[

0.03

®

0.

o

Peroxidase activity
(unit/mg protein)

0 2 4 8 10 0 2 4 8 10 0 2 4 8 10

Dose(Gy) Dose(Gy) Dose(Gy)

Fig. 1. Enzyme activities of radish leaves grown from seeds irradiated with different
doses of ¥ radiation at 20 days after planting. Data represents mean=SE. (a) ;

Protein contents, (b) ; Catalase activity, (c) ; Peroxidase activity.
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Fig. 2. Change in the O:2 evolution in radish leaf discs as a function of photon
fluence rate (PFR). @, Control ; O, 10 Gy treatment(a). Changes in the
maximal photosynthetic O: evolution (Pmax) in radish leaf discs with UV-B
stress or without stress(Cont)(b). UV-B was given at the intensity of 1 W -

m * to the detached leaves. Data presented are mean values +S.E. for 3

measurements.
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Fig. 3. Changes in the maximal photochemical efficiency of PSII (Fv/Fm) as a
function of illumination time(a). Changes in the effective quantum yield of
photochemical energy conversion at PSII reaction centers, ®psy with illumination
time. UV-B was given at the intensity of 1 W -m ’ to the detached leaves. o,
Control ; O, 10 Gy treatment.
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Fig. 4. Changes in dark-level fluorescence yield (Fo) as a function of illumination
time(a). Changes in the maximal fluorescence of PSII (Fm) as a function of
illumination time(b). UV-B was given at the intensity of 1 W -m * to the
detached leaves. @, Control ; O, 10 Gy treatment.
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