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Effects of Low Dose y-Radiation on the Growth, Activities of Enzymes

and Photosynthetic Activities of Gourd (Lagenaria siceraria)
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Abstract - Gourd seeds were irradiated with the doses of 0~ 20 Gy to investigate the
effect of the low dose y-radiation on the early growth and physiological activity. The
stimulating effects of the low dose y-radiation on the early growth were not noticeably
high, but were increased generally at 4~ 16 Gy irradiation group. The catalase and
peroxidase activity of cotyledon from seeds irradiated with y-radiation were increased
at 8 Gy irradiation group. The peroxidase activity of leaf was noticeably high at 4 Gy
irradiation group. The photochemical yield of PSII, estimated as Fv/Fm, decreased
with increasing illumination time by 50% after 4 hrs in the control and 8 Gy irradiation
group, while Fo slightly increased. However, Fv/Fm in the 4 Gy irradiation group
decreased by 40% of inhibition, indicating that photoinhibition decreased by the low
dose y-radiation. Changes in the effective quantum yield of PSII, ®psy and 1/Fo-1/Fm,
a measure of the rate constant of excitation trapping by the PSII reaction center,
showed similar pattern to Fv/Fm. NPQ decreased by 70% after photoinhibitory
treatment with showing similar pattern between the control and the irradiation group.
These results showed the positive effect of low dose y-radiation on the seedling growth
and the reduction of photoinhibition in the 4 Gy irradiation group.
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Aol WAR & AL A W Al AFge] 9
Hez 42A sled o) WS FRFel Al
of Ao Madt YBHA AP NeiFm AL

o

o
EF A AL A uialiel] A= Hbol rilo}, ol
W B8 FA, 2T 24 27} Fo| ARl
Al #ZF Y (Luckey 1980). A Aol 2HEoll M A
g Wolg BT glovt wiF, -, 1F 9 Foll A
olZ7tel BeEA 9 pEgEst F HUF AL Qe
730] o] RE YA B 1997, 2000a; o] 5 1998).
ol e = THT2 %ﬂ"é*} Ak FA F7t (Vlasyuk
1964), AA}2] 3% % catalase (CAT) &Ado] A=k vt
AR zAb) 28 F7 HH A, A §(1999a)% B o)
Z= 249} (2000a), 244> (2000b), G (1999b) 5 ofok3t
EZo AAE YH——- ZA}3ted peroxidase (POD)L}
CAT 59 kst &4 A9 F7lel] w2 whopgdt
g2 2715 FA3. o]2F AMAMF Wakde] 2
g AE f97 av= dvbA el hormesis 73
2 5le] WA hormesisel] #3 W2 ATAEe] o] &
< HYA717] A3 FE A5 eI Ao FA
ok Abolgl: B 2] Eakd oz Qs A Fzol o
st ZelA 2 3 adE AEIE el B o
2go] 23 glo

ool & AdeME A yH ZAbl whE Fute
A-g Z7bel] B3k AR hormesisS AL 34 4]
Wsl 9 A FA e 5ot ARG S AL
ol AE = 22 ek 3 2EH2AE Y
A Hed olF F AEHAE M E3] dod 4 A
ezl Ao AE2 S FFaATIA
Heh weba A yAol AR Zhabel] o3 FA
&)} (photoinhibition)3 -fx38}e] ¥} A EA8] F ~E
2ol A3 uh-E A

Mz 2w

L AR AS 2 A 24

284 FAut (Lagenaria siceraria) FAE = p-9ulo]
204 999 QlxoA AHE FAE AR OK %
4 Hof wlo} ALy, A WA A= g2y
Q72NN REFe AEHZAAL @C0E o &
vA 0,1, 4,8,16,20Gy £F22 Z1xEA} 2|A
ZApslg el ZAM &2 Fricke dosimeter®2 3319

o} (Niels and Roger 1970).
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WA 24} Shed E} 10098 wjokEs) mAt 1
112 2215 27 o] 15cm potel] 1044 10utE-02 3}
ol §r2l el Lol A TE 7Y Fol BolE e

sl 119 3ol 2gArE 2} Zg 189 Zql %A

Al

3. 254 F2

35 119 F9} 189 Fo| A% 24 A A2 A
Al 284 0.3g9& °“Zﬂza‘i§ bl A g
ApApakell A Rl & 0.05 M <lAbek3d (pH 7.0) 0.6

15 A7h 9% tﬁ-‘?’—i‘]ﬁ}ﬁ 4 A5Ye zEL
°—‘L°_i AHg-atol et A A #F-2- bovin serum albumin
(BSA)E EFdWd=z A48t Bradford®] \HY (Brad-
ford 1976)e)] we} =231}

4. &2 84 &4

POD &4 pyrogallol g 7122 AL4-3F wliel a}e}
2R3 =d, 254N 100 W€ 3 ml cuvetteol
0.1 M <lAghE8 (pH 6.0) 0.32 ml, 0.147 M H;0; 0.16
ml, 5% pyrogallol 294 0.32ml¥} ZF4 2.1mlE 7

e & 420 nmolA] 2027 ALdA Edx wzls
ZA3te] Falgie). =3 CAT 842 712l H,0:9)
a%g A= e AMEEdEd 2 9%
ulL g ol e 0,055 M Hs0: 1ml, &4 0.1ml, 0.05M <l
AbghZol (pH 7.0) 1.9mle] E§g o2 3l 240 nmoi|A
2= 7Ji% 127 228151t} (Yun et al. 1998).

5. 3A3 2

dA T 22 (25°00F F#AE = Ux k=D Fel 100
mle] 2748 92 F @ 2ok YAHE =HY o
FxEz Qe 98 D3] st g0 B=
e 48 2 (Pl5cm, ¥o] 15.5ecm)Z o=
Aol EEsska FAE e A% Fdozye H
gl &= A 2 (Itami Protex Co. Ltd., Japan)E Al-4&-
9ol 900umol - m2 - 5718] Fo|r] 0~6A7F £F =
A g F=shuch
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Effeltrich, Germany)& |83l &Aslgdvt. A &
= ¥ JAHAHNSE o J23F AF chamberdtell A 30%
F o AR F Fo(kg FAlel d=iale 99 3§
e} Fm (& A5 F A 3L S35 4A 8
3 =332 xenon-measuring flash lampE £33l =
AF8}91 32 (0.5 umol + m~2 - s71), actinic light (600 pmol -
m2 . s 1)} saturation light (3,700 pmol - m™2 - s o
F X main control unite] 23] ZAEHE actinic-
/saturation light unit (XE-AL)& Z3}e] zAMSIT 4
24 3 APL actinic light 27 YA o] )&
Moz PP4E sy B THFE AN B
Mstedch BUse] I Qurt ALSEEA GE4 §Y
of Zaste= AEE 3313 4 (photochemical quen-
ching, q@e2} 33, Wehzel= o] Ui\ shel] 2%
A& oA 2]&A] A3 (energy-dependent quen-
ching, oB), AT 242 Aol G2 22¢ 37
3 2~ (photoinhibitory quenching, qD)¢]2} 3}™, o]uj
qEs} I3 &7 »|%33 43 (non-photochemical
quenching, NPQ)¢]2g} ¥t} (Krause and Weis 1991). B|
Z3lat 4 Al Schreiber 5(1986)2] A 9ol uie}
A A3kt
NPQ (nonphotochemical quenching) = (Fm-Fm’)/Fm’

®pgrr (effective quantum yield of PSII) = (Fm'-F)/Fm’

Fm =maximal fluorescence (dark), St efellA] ==
SEATL NS FAd o] 28ele W) o 33

F =actual fluorescence, J3Al o] H=H 1 gl &
ore} A4 3§33

F'm =maximal fluorescence (light), ® o] ¢l& Aleje
A B FAUN GRS FAle] 28 & e 3
4 &3

7. 9242 AP
25 mM HEPES7} S]]t 80% oM & &gl
Abg-ste] dowHE] JEAT FE34 T Porra T

Total Chl. = 19.54As466+8.29A6636

du gl o

1. A% yAE 248 FAvte) 208 22

Al At o] et AL et} 27] A%l vl
Ase dotur] el YL e Tl za}

-

]

sled A S Bal #ASAT AF 7Y Fol| =4}
g Wolg2 HxTo 7S 70%Q uhE, 20 GyelAM&
74%2 W 6% T8k o2 AAdF ZAHE =
9} v]=g S Be 9F 119 F A4 A
gZe FF3 A3 AQAL Yz2T 536cmel A
Ble] 1~16 Gy2] ZAMFAA 1~4% Ax F7FE B9
3 53] 8Gyolld 559cm=E 7HF gkeh AL o
F39 A< 3.09cmA T 8GyY 16 GyllA= 3.2em A
=2 = 4%9 Z71E veble] A= 2A7
7 v)3 F3H3 FrF EAE oAy dstovt o
A2 4~16Gy ZAFFA kad A8 e B
IE 189 F AR 2L W77} 13.8cmol B3
EE AN ZAFOlA HHE Z7F 2HE HelA &
orch o] 5(1998)= Ao ZwiAde nF 2Ee A
2 ZFApol| AVl 7 AdaPHE vpelhds hormesis &
F2 22 A7 dzFol vls AAF yA 2ARFl
A dbolgro] E7bEE S TATG, AR FAL Sl
3-g vXe HAAAMFE 1GyollA 20 GyAte]d& B
T8kdeh 7 5(2000b)= Ax FAlel MAF yAE =
Absted Ap=l 2-424=(2000b), A} (2000a), ¥ 3= (1999a)
Y AFolt o] FvIEE AL BAsG oA,
Koepp and Kramer (1981)= AA g ydo] AR &4
49] wholgo|u} A8 Frhe FAbe FIE £
AAdzF WA o] AwjA ot PJAI2AE T2 AE 3

Table 1. Growth response of gourd grown from seeds
irradiated with different doses of y-radiation

D 7 DAS 11 DAS 18 DAS
ose
(Gy) Germination Cotyledon Cotyledon Seedling

rate(%) length(cm) width(cm) height(cm)
0 70.0+4.4% 536+0.06 3.09+0.04 13.8%+0.1
1 68.3+5.1 5.38+0.06 3.15+0.04 14.0+0.2
4 68.4+4.3 5.48+0.13 3.08+0.06 13.8+0.1
8 68.4+3.5 559+0.08 3.20+0.06 13.7+0.2

16 67.5+£3.3
20 74.0+£2.9

t i mean+SE

5.50+0.11 3.20+0.05 13.2+0.1
5.30+0.08 3.06+0.06 13.5+0.2

DAS : days after sowing

Table 2. Changes in the chlorophyll contents of gourd
from seeds irradiated with different doses of y-

radiation

Dose Total Chl.

Gy) (umol - m-?) Chl. a/b
0 329+56.71 2.66+0.36
4 262+25.1 3.09%£0.05
8 263+12.0 3.07+0.11

t : mean+SE, Chl. : Chlorophyll
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A& FANIR Aol B 71T & B eral 1986). mepa &AM A Al 2l
¥t B sEdze] g APYE FMAAIGT B o e} 3 717 452 abrt S A

3hslct A Wi A58 F7HI7IT 2 A Q&) F7H
WAz FEd A% FAe BYW 4Gy 8Gy 24 AoE Almdch

7o) ds4 FFE 2A A H2TY A F o

Sa FFel 329 umol - mH 3, 4 Gy ZAME 262 2. AAF yA 240 wE e 2284 B3

umol - m-2¢gj.e™ 8 Gy EAFFIAAE 263 pmol - m 22
ol B)F 7rAE ) (Table 2). ©] 5 (1998)2 31

= X Z H;O 7 TC:_ }\J:ﬁ\_ Z o A
2o AAMTF A& RASY &2 J24F 2AE A H- 2t HoOa0h 22 24 5 58 A4

o)3) Q24 FHako] Zrbape 3}04 Az &g Y= A FEe 42
Xi/{'_]ao}: Ho]'/\}‘/‘d _J_/\}“’ﬂ -/]6}] }3%_1, u"‘?a]: ] ‘3‘7]'5]"1:‘ 7/‘1 & ‘J-_LA]ZJI;].(RaO et al. 19986). Eq-i}-/ﬂ A]i'to: °]E1_§l'

(ARl A 2= ol g s seds

¢

< Basig o} v Alo= Mg FAFA 4

. e | 1 Freld AR3}A A~E g Ao dls] ascorbate, glutathione, carote-

%—/J\— @'Bo]:o] 20% Z‘]_E:_ 7]- '6].031;], 6‘]-_1:] o: =24 a/b H] . ! ) e '

o] Hew tEFi 266 93 4Gy2} 8Gy ZAFEE 7t noids 53} 72 sALEALU E& ascorbate peroxidase
0. 5.07210h e YT {APX), POD, CAT, glutathione reductase (GR) 52| 3}

Z+ 3.09, 3.07¢lc}. dvrxd oz o Zafel] Aog Alm

AstEA 58 ZUMAFL R o|2d sEdlAzHE
WA 3HA Foh (Foyer et al. 1994). whetr] 2 AFoA e
MMz yde) 27] A% A7EE s 54 B4
Wlel] ojujgt kg vlAe=x] A&t AA= I}
F 119 F 3t A ATl HzFret A5l
Z9%l 4Gy} 8Gy 2AHTS) A E AHzhd HAF v

gzole 5 o] Qe b= 20~22 Awal
o Fefol] ML AEo] AL 2.6~3.6 Alo]
7 )} (Anderson et al. 1988). ]2 3t A4 oFe)
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Fig. 1. Enzyme activities of gourd cotyledon grown from seeds irradiated with different doses of y-radiation at 11 days
after planting. Data represents mean=+SE. (a): Protein contents, (b): Catalase activity, (c): Peroxidase activity.
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Fig. 2. Enzyme activities of gourd leaf grown from seeds irradiated with different doses of y-radiation at 18 days after
planting. Data represents mean+SE. (a): Protein contents, (b): Catalase activity, (c): Peroxidase activity.
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A zAbel] wWE ol Aa CAT 9 PODS) 4 wW3s
AT b ) ehi Al gl o2 3.98mg g lel
v]s] 4Gy2l 8Gy ZAMFAM HoE ZF/1EHE Ho
A gorot (Fig. la), AZA M A=k FAT
A B AL HEd CAT 42 =7 0.78unit
o B3] 4Gyt 8 Gy RAFFA] ZHzt 0.81 unite} 0.87
unit® 3~11% Z7}3t9 v (Fig. 1b), POD A =+
212 A% 1.99unitg]l ¥k 4Gy} 8 Gy RAFF|
A Z+Z} 2.23 unite} 2.29 unit© 2. 12~ 15% Z7}sk o
(Fig. 1c). 93 189 F<l 287 ©iA 2 5484
€ 33T A3, PN Y3 CAT 4L HzTol
vle] W S7MEINE Helx| ostort (Fig 2a, b),
POD &4 t)=F 1.94 unite) B3] 4Gys}l 8 Gy A}
Fol A Z+7+ 2.50 unite} 2.28 unitZ 17 ~29% 27135191
ol Garg 5 (1972)-2 AR} Fxlell AMF vhabd-& 24}
gt Zape] hols] Aol EAFHE AL AAINUE
d ol MM yAeo| CATY 3% 59 AH¥<d 4
o od8kg wiA Zezw wslgch =3 Zhezhel 5
(1958)> ©hofst A Ee o8] F7F9 WA (Ra?2s,
Th??, P32, Cof®)& Ae|gt Zz A& i M &9
Al AL 1.10°Ciol W ¢1-& Feldlolz, whabAlel] 9
3 a9z ozl geFst POD 849 271, ascorbic
acid®] 3 MZ el A9t F71 & Rl
t}. Sah 5 (1996)2> yAl Ao u}& PODS| &4 &=
AVt A Agke] Z713tel wheh PODS] 4] Z7)8)
= AL HAsYT 7 519993, 2000b)= Fat £
EAlel A A AR CAT#F POD #4¢] 1~20
Gy ¥91A Z7ksla vl FAEAS 528 U
AellA Z718ta & Aol Zasidcy 1
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HHe F2 P54 el B2IW FP4 LYY
FA7} Qe Aol weA olxz FP BHE 2
Fe Az AEHT Yok BEFAe) 99 e W)
B4 e Forkm 3t B4 1) e 922 o ¥4}
b A7) B F AT HeFH oz o5 olHel

vher FIe B QuE S FYAA S e
Tz e e @ SEFE Y ¥ Fmoldt

3l FmollA Fog wl& & Fvel 3ol FvFme 3%
A 118} 84 veFE Aas A4EY S8 oy
R 28 8¢ Jep £} Fig. 3aclA B wlel ol
B8 7} 2ol ulel Fv/Fmo] ZtasE Hee 1
o}m 900 pmol - m-2 5718} el A7|Z 4417k A
& o dzFs 8 Gy 2AFFE FvFmeo] 77 0413
0.382 BAFHE AstA Fyd Yol Wl N 50%
Ax FAEE Aoz vepdd. 3EH 4 Gy A$ 047
2 40% A=) FAZ Rolw T vs F 2Ed)
2ol 3] 9 w7k Aoz vepde. o] AEA7L
A UV 59 Asdag ub) =9 2, 52499
Aoz A3 ao] FAe] FrbEEH Fig. 29
ATl A AFT7 vle} Ze] 4GyollA 9] ¥ PODS| &
Aol # rEdxd HE ZIE eI Ao 4
2T FA 1) &8 Foo] 2718 Fulsled] & Al
Pell X = FAsN7 WAL e} Fod] F7he Rl
vzt A 2AREe) mhel: Al ¢l Ao
2, Uebtwt (Fig. 3b). W F4lel olUAE Add +
g G854 FAEC] HolAH Forx /18Py dHb4
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Fig. 3. Changes in the maximal photochemical efficiency of PSII (Fv/Fm) (a) and changes in dark-level fluorescence yield,
Fo as a function of illumination time (b) of high light (900 umol - m2 . s71) at 25°C. @, Control; A, 4 Gy treatment;

0, 8 Gy treatment.
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Fig. 4. Changes in the effective quantum yield of photochemical energy conversion at PSII reaction centers, ®psn with
illumination time (a) and changes in the fluorescence parameter 1/Fo-1/Fm with illumination time (b). Gourd leaf
discs were exposed to 900 umol - m~2 - 57! at 25°C. @, Control; A, 4 Gy treatment; O, 8 Gy treatment.

o2 AEo] AEHAE W W Frlee Aoz By
3 ¢)=4| (Renger and Schreiber 1986), B Al ol A]
Foo] Z7le SJaEdgrz A FAN vHEFAl
£abo] HAY &2 R RE WEFAeze o
7] oqR|e] Aol7} vl E Ht7] WEA AR AR
A

4. JA ol o2 FANL FokAl &3 F
2¥ g2 W3l

FAIY Befat $8& e T Opsn 3 A8
7} Aol wa} 7hAaEe A3FE Bl 900 pmol
-m2 - 5719 FeFS 4A17 MEPE | T3} 8Gy
FAME 7z 0.208) 0.192 A SE XA At
Aol s A 20%2] g w9l HbH (Fig. 4a) 4
Gy A= 0212 15%2] Zt4ag el A v
SFA 93 R HEE JeFE 54 G
dtg}uo|e] 1/Fo-1/Fm¥e 7]%A SFAII (functional PSII
after light treatment)®] 4} A& FA 7L e Ao
Yeh} AR es EAse=d Azbe]l Ay 754
JAISY] 45 Halstey AMS-EHAR T Sl (Lee et al.
1999). 1/Fo-1/Fm¥E BA 8|7} A& ol ule} A4
2 ZAaEE 7% Boon dzye 8Gy &A=
27} 0.35,0.372 55% A= FiamE Aoz vepdd
(Fig. 4b). ¥b8 4Gy &AM+ 0452 9 45% H =9
24g Bgon BAsld @ 9zg ez Vel
(Fig. 4b). elzel= & 7l2 A8 JAFHE ApH9}
LA Aol Qe wFEA 2Ee NPQE: FA s
7} A el e} AHE AE Bl 900 umol -
m2 - s719] FekelA] 4417+ XS o 0% H= 7
A3t 3, HE2T9 HAAF vAo| ZAM wzke] Aol
dE Aoz Jepdo}(Fig 5). NPQE el &= gE, ql,

Mo

@® 0Gy J
H O aay
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Fig. 5. Changes of the non-photochemical quenching,
NPQ, in Gourd leaves as a function of illumination
time (h). Gourd leaf discs were exposed to 900
umol - m-2 - s'1 at 25°C. @, Control; A, 4 Gy treat-
ment; O, 8 Gy treatment.

qT 5-& o8] 2EedAd o7 Yx 271 wz o
2 Jepd F2 qBell 93 Jie 71 ol e
o} (Briantais ef al. 1979). Wby Z4F = NPQE 34
3ol o8] ATPase’} °J&g& el ApHe| AL A3}
A1Z1eh= ¥ 37} (Imbrie and Murphy 1984)g) 01} Zv
A 2A7E 2790

¥ @

Ay 2AE Bute) 271455 A2l )
Ae x7E dohns] Haked A ol S 0~20
Gy fzo2 2Al A%e skl AU yAol
@ e} 2714%e GaTol Ble) 4~16 GyolA
Sa 2rbsdm, A% 2N 2T g Ae
catalase®} peroxidase BA4]o] WFF-o ulz] 8 Gy A}
FolM 7HA Ekew EQE peroxidase ¥4o] 4Gy
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T 4GyolM B 2Edze] g As)7t s,

A A

#aE

ek

ZANA, AR, o], o] F. 1997. HukAldo] 25 )
F9 79 83 57 334745 3]A]. 16:390-
393.

A, o BT, W2, o] %, 4. 1999a. BE | ER
o] wtotel Aol w|Xe Mz yA & HZFANE
&3], 17:11-15.

AAA, o127, Weish, HES, AR5 1999, A% o
o] G Ao u|A: &} =AY 23R 17:257
-261.

AAA, ol G2, g4, WSk, 473, 20008, A4 AL
o e 24Kt AR FIAE w3k HFEA
=8t3]#]. 19:142-146.

A4, o) 3T, i, Wi 8, 7155, 2000b. &4 A 8-
A AMF A EAbash EFRAFRHA. 19
328-331.

o) £7. AAA, o)A, 093 %- 1098. AF Zutd ZAtel
97 w9 rdolel A% BT 88)A). 39:670-675.

Anderson JM, WS Chow and DJ Goodchild. 1988. Thyla-
koid membrane organisation in Sun/Shade Acclima-
tion. pp.11-26. In Ecology of photosynthesis in Sun and
Shade (Evans JR, SV Caemmerer and WW Adams III

eds.). CSIRO. Melbourne.

Aro EM, E Rintamaiki, P Korhonen and P Mienpad. 1986.
Relationship between chloroplast structure and Oz evo-
lution rate of leaf discs in plants from different biotypes
in south Finland. Plant Cell Environ. 9:87-94.

Bradford MM. 1976. A rapid sensitive method for quantita-
tion of microgram quantities of protein utilizing the
principle of protein-dye binding. Anal Biochem. 72:248
-254.

Briantais JM, C Vernotte, M Picaud arid GH Krause. 1979,
A quantitative study of the slow decline of chlorophyll a
fluorescence in isolated chloroplasts. Biochim. Biophys,
Acta 548:128-138.

Dirk I and MV Montagu. 1995. Oxidative stress in plants.
Curr. Opi. Biotech. 6:153-158.

Foyer CH, P Descourvieres and KJ Kunert. 1994. Protec-
tion against oxygen radicals: an important defense me-
chanism studied in transgenic plants. Plant Cell Envi-
ron. 17:507-523.

Garg CK, B Tirwari and O Singh. 1972. Effect of presowing
gamma irradiated seeds in relation to the germination
behavior of Indian colza (Brassica campestris L. var.
Sarson Prain). Indian J. Agric. Sci. 42:553.

Imbrie CW and TM Murphy. 1984. Méchanism of photoi-
nactivation of plant plasma membrane ATPase. Photo-
chem. Photobiol. 40:243~248.

Koepp R and M Kramer. 1981. Photosynthetic activity and
distribution of photoassimilated 14C in seedlings of Zea
mays grown from gamma-irradiated seeds. Photosyn-
thetica. 15:484-493.

Krause GH and E Weis. 1991. Chlorophyll fluorescence
and photosynthesis: The basis. Ann. Rev. Plant Physiol.
Plant Mol. Bicl. 42:313-349.

Lee HY, WS Chow and YN Hong, 1999. Photoinactivation
of photosystem II in leaves of Capsicum annuum. Phy-
siol. Plant. 105:377-384.

Luckey TD. 1980 Hormesis with ionizing radiation. CRC
press. Inc. Boca Raton. Fla.

Niels WH and JB Roger. 1970. Manual on Radiation Dosi-
metry. Mard Dekker Inc. New York.

Porra RJ, WA Thompson and PE Kriedemann. 1989. De-
termination of accurate extinction coefficients and
simultaneous equations for assaying chlorophyll ¢ and
b with four different solvents: verification of the con-
centration of chlorophyll by atomic absorption spectro-
scopy. Biochim. Biophys. Acta. 975:384-394.

Rao MV, G Paliyath and DP Ormrod. 1996. Ultraviolet-B
and ozone induced biochemical changes in antioxidant
enzymes of Arabidopsis thaliana. Plant Physiol. 110:
125-136.



204 olslel - U - WY - o|F2 - YEE

Renger G and U Schreiber. 1986. Practical applications of
fluorometric methods to algae and higher plant rese-
arch. pp.587-619. In Light Emission by Plants and
Bacteria (Govindjee D, J. Amesz and DC Fork eds.).
Academic Press. New York.

Sah NK, S Pramanik and SS Raychaudhuri. 1996. Peroxi-
dase changes in barley induced by ionizing and thermal
radiation. Int. J. Radiat. Bio. 69:107-111.

Schreiber U, U Schliwa and W Bilger. 1986. Continuous
recording of photochemical and non-phtochemical chl-
orophyll fluorescence quenching with a new type of mo-
dulation fluorometer. Photosynth. Res. 10:51-62.

Vlasyuk PA. 1964. Effect of ionizing radiation on the phy-

siological -biochemical properties and metabolism of
agricultural plants. Inst. Fiziol. Biokhim. Rast. SSR.
24-31.

Yun BW, HG Hue, SY Kwon, HS Lee, JK Jo and SS Kwak.
1998. Antioxidant enzyme in Nicotiana cells containing
an Ipomoea peroxidase gene. Phytochemistry. 48:1287-
1290. '

Zhezhel NG. 1958. Studies on the mechanism of the bio-
logical effect of small doses of ionizing radiation in
plant. Vestsel’'Skokhoz Nauk. 8:123.

(Received 7 May 2001, accepted 15 Tune 2002)



