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Abstract: The purpose of this study was to investigate the effects of different nitrogen conditions on anti-UV-B matter and
protective enzymes in leaves of the millet plant in the florescence period. Potted millet ( Setaria italica (L. ) Beauv. )
plants grown outdoors, under 1.875 mmol-L "'and 15 mmol-L ™" nitrogen respectively, were exposed to enhanced UV-B
radiation (7.12 kJ-m >d"") for experimentation. Determined were the contents of flavonoids, activities of phenylalanine
ammonia-lyase (PAL), ascorbate peroxidase ( ASP), catalase ( CAT), peroxidase ( POD) and superoxide dismutase

(SOD). PAL activity in leaves of millet plants grown under the lower nitrogen condition was increased significantly
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compared to that under the higher nitrogen condition. Contents of flavonoids in leaves of millet plants had no significant
difference between the lower and higher nitrogen conditions during the period of florescence, no matter whether exposed to
enhanced UV-B radiation or not, except that a significant increase occurred in the content of flavonoids when under the
lower nitrogen condition and enhanced UV-B radiation during the end of florescence. These results suggested that no matter
whether the treatment of enhanced UV-B radiation was imposed or not in the florescence period, different nitrogen
conditions evidently did not affect the content of flavonoids in millet leaves, although the lower nitrogen condition was more
favorable to improved PAL activity in millet leaves than was the higher nitrogen condition. Furthermore, in leaves of millet
plants grown under the lower nitrogen condition, SOD activity was increased significantly all the time; CAT activity was
decreased significantly only in the mid-term of the florescence period; POD activity was increased significantly only in the
early and the late florescence period; and, ASP activity was not increased significantly compared to that under the higher
nitrogen condition unless exposed to enhanced UV-B radiation during the whole florescence period. Meanwhile, with
exposure to enhanced UV-B radiation in the florescence period, CAT activity was decreased while SOD activity was
increased, both significantly, in leaves of millet plants grown under the lower nitrogen condition compared to those under
the higher nitrogen condition. However, ASP and POD activities had no significant difference in leaves of millet plants
grown under either the lower or higher nitrogen conditions. Thus, the results implied that the effects of different nitrogen
conditions on protective enzymes in millet leaves were limited during the florescence period, especially under conditions of

exposure to enhanced UV-B radiation.

Key Words:; nitrogen; enhanced UV-B radiation; flavonoids; phenylalanine ammonia-lyase( PAL) ; protective enzymes;
millet ( Setaria italica (L. ) Beauv. )

RRSFHE R EBFEE AR UV-B WA X EYE R KNEF. CHERFREHR, UV-B B
HESREES | REY RN X R UV-B BHGEREZMAEANRPYRXERARPBRELEWER
AN RRRENEYERREOLTLEMERREIR T, AR PR, B RS RALH
EX YL ERRBARPBRECAEERR® " BRAEXRFEAEKETEKWEYENRI YR
%t UV-B SESTI R BT EA — R, RTTX LB 50 % R FA S FE AT REFEAT SRR 5T, LA LI B 34
FIRFFTEHIRRIE AR R LB, REF X UV-B BHRN A ER A EFENHRAEEHE
BRI , UV-B SEATIEE X TR AL I M A W R 2 240, T A FE N 32 UV-B SE 5 RER KT
B BR Y ERAL , A ELROUE R ST Y A K AT 4 LB IR . R, A KIFE PR R AKFXTF
TEE Y i UV-B BB Y A AR A KR Y BB R R R B MBI R AR . HIL, BTt
HERERF KRR T BT (Setaria italica (L. ) Beauv. ) TEFFHMAZIT—EMRBEEIR UV-B $RSTAL 2, T
RE LB AL B AR O R B PAL MRS EHEHZ MINZ 7 P E PR A BRI MASER X
FHATHT, FEE MR FEH R MR, bR UV-B 54 B BRNIR T M RBERFREES T
SEYEYIPT UV-B B5TRE ), 1 FIE N> B, T3 208 2R R BT SRR BB HIKES52% .
1 #RS5KHE
1. 1 phRlfngb s

HAA T RF IS 80, l b E RMPIEBER AL, F T4 5% KEMMIEE 30 min, HEE TR,
30 THU/KHFRHE 24 h, BERFEMH TERA 0. 5L ZMUELBEB A BTN EFRRT . HHEKkd 3 FEMH
B FBETEAREEMPFEEATURMA, BRX%EK—K, 83 d % 1 K 1/4 Hoagland & FF, F4R
0.25L, F7EMLHIRIAEMRITSMN, Ba BR R E 2 thibh . 2006 427 AP HA TERIEARTHEE, U
B SR N RTER K BTA AR B AR AN 4134 B PERE LA 15 mmol - L™" A1 1. 875 mmol - L™ BHK M E I H
PR R R EE R K T Hoagland BFW, HH AR SUMSRIEAFE ., RARWEAFRS, P,
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K.Ca S EF R WWEEETIMAE & K,50,.CaCl, KH,PO, Z{RiE—B, KN EFRBREHELNE2d
—K, 845 0.25L, A BRIIGK—BIRK, EELRER,

FE 2006 £ 7 A FHIE, KAERKERF/KERELLE T RAEKBEILE B R4, BUHATA MRS 4
A BEEA (T, HAN 15 mmol - L™ WA B R HATHIE UV-B EH A ; B + UV-B 41 (T2), i m 15
mmol - L~ R #1715 UV-B B0 ; KAA (T3) , 50 1. 875 mmol - L' AR B A BT UV-B 54t
A0 38 KR + UV-B 4 (T4) ,Hifin 1. 875 mmol - L™ RE FH#473838 UV-B B3, AR £4MTE (JLRE
B IRFF A A 7=, P T Bl 290 ~ 400 nm) A7 8HE AR L7, F TR SE UV-B 4841 (280 ~320 nm)
A UV-B ST (LR IME R ER RS 45 ) Il & UV-B @558 )E ., MIEMELKIHN S T2 #1 T4 1
INE UV-B $BETRBER R 7. 12 kI -m ™% d ™" ( LUERRTEIRM-J0 M) , 040 24 T ERALAE X 2006 4E E EAT AR
25% LEEFERWAPREL . L1 HNE S AT E SHR T Z B MR A E R UV-B E i, RetEXE%k
[l — &b R A RR AL B AR IE R — A B4 A AR B 32 B0 511G UV-B 38 5F. 5S4, MARIEA A4 UV-A
8 41(320 ~400 nm) —F, T1 1 T3 oy 4 4MTE BAHES FEE X 0. 18 mm ) mylar BEARE{LE UV-A &
. 3 UV-B 3N 7 A 26 HAEMGHEAMBERI LR, 58 A 10 BEMKEARFES LS AR RE S
o FEALFEFFHAIE SR 6.11.16 K 9:00 SE BT RAE , RAELR 8] 4 FIxF B FFF AR A RAFRE . BKBUEHM
B AL P REYL R — B, REM M R LT 2 o f 7 B , S RETERNE S
WHAHEI AN EE, BNMEENE 3 KECEWEENZERTWE. BIEISLEYEHE, FEH
SPSS11. 5 #ATH XG53,
1.2 REEBRERSSEMNNE

BT B: 45 4 Robberrecht 1 Caldwell'™! A & Stapleton #1 Walbot''?! 4 77 B, i i &2 W) 5% A %€ & i
ik - R
1.3 XRNEERMEER (PAL) EHEE

SRR Tk, LI4E min 9 OD290 {E3%/0 0. 01 35 1 A BEIE 07 U, BHE A R BT
HEHE,
1.4 FHPEEENE

W EAL YR (POD) FE MM E S M Chance F1 Maehly'™ f77 3 , 52 UAEWRE 444 T LA OD470 {H7E 1 min |4
BHN0.01 3 1 ANEHE AL U, IR B O S B EMEE. JEER (CAT) ISHNES R He ' Tk,
DAY 2 444 T 48 min 5§ mg B E R H H,0, ) mmol FF/RMEYE. IR MR ELYRE (ASP) WM ESS
4 Nakano F1 Asada'”’ A% Knorzer 251 75 8, LAY 5E 4244 T 4§ min 5 mg B HE L ATTIF MR (AsA) i
mmol $(FREHE Y, SOD & HEMRE S I Stewert Al Bewley''™! g NBT 3% , LA%5 85031 B 5] Py 0 5 YE AL R JEE 50%
MIRIEIM(NBT) N | AEEEH AN U, IR EASEHEMRESE. #RAPTREERSENERM
Bradford 75?23[20] JAFMEBEANREER.
2 ZRE5HH
2.1 %38 UV-B 5 53 ARRIKER R EM FF RS 7 5 250 PAL FHHE R0

B Bk, EEANCEN, SEMH (T AT FRERSEE A LT H TRMBEPAL FHEN L L
F RERAGF TR, EHATERZER FHTHIR UV-B 5BHHAb 5 (T2) , Mtk R B & B PAL I
B AP RS A - EAE M EN PSR TERA, b PAL EHERE 16 d B BEKF(p <
0.05) , {EELAL(T3) Mdkr KRR & BB MO EPIN 255 EFHRE MM T &S, T PAL FHENE—E
FABEBRENETEEA, £ PAL B EESER NG EEE B E IR BEKF (p <0.05,6 d if;p <
0.01,11 d 116 d Bf) , TMRE + UV-B 41 (T4) HbkM A2 50 & 81 PAL I ERMNMEEHIRY E B
#, SERAAML, KXEMESRKR6 dHBETEESN, WETEH (p <0.05,16 d &), Tii PAL {HEHN—H
BTG (p<0.01,11 dB), MM &% + UV-B 4158 % + UV-B 40M1H, 16 d B R + UV-B AHEHKA A
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REAMEZEEERTRRA +UV-B A (p <0.05) ;i PAL itk R M BRI ERRBER THA +
UV-B #i#i#k(p <0.05,6 d fl 11 d Ff;p <0.01,16 d i),

8n O B3 @

300 -

o~ 4r ~=

Z E

a 3+ = = .

" =y EE /
B2, N o /
2 M &2 7

3 § . £& v

g . z v

e N [ g v

S ot H

= = NB g Y

6 11
b BERT ] Treatment time (d) Kb BRI} ] Treatment time (d)

BE 1 3438 UV-B 85T KX A RK VR A B FF B E it i 28R  PAL S A9 1
Fig. 1 Effects of enhanced UV-B radiation and different nitrogen conditions on flavonoids and PAL activity in millet ( Setariaitalica (L. ) Beauv. )

leaves in the florescence period
T1 . F &4 Higher nitrogen; T2 i # + UV-B 4 Higher nitrogen plus enhanced UV-B radiation; T3 ; fi£ (40 Lower nitrogen; T4 ;X% + UV-B 4
Lower nitrogen plus enhanced UV-B radiation; T [F] the same below

2.2 358 UV-B RSt SXARUKFR B XA FH A R B TE AR
M2 7] I, B A AE T8 (R R R AL AR ASP .\ SOD TE M 2 % ¥ L #5 % CAT POD TE 22T F &

R, 7EHCELRN F3%ER UV-B 5854 (T2) , Ak ™ K ASP.POD #1 SOD & M 7EAL FBAE 242 | FH#4 3T CAT 1%
AR R TS SRELMLE, 5 ASP F1 POD JEHRF7E 16 d B ik BE K- (p <0.05) ,S0D {EHEH
£ 16 d B AR B E K (p <0.01) T CAT 35 T FEALE 11 d Bk B FK V. RELMBEH F ASP.CAT A
POD 7E% bS] 24 2 45 T W5 b FH#a%, i SOD 15 MRS — B b FH#asy; RIm |4 i, 5 ASP B
RN LHEMEY TR EER, CAT {EHE T HLE 11 d B XK BEKF(p <0.01) ,POD E# EFHE6 d 1 16
d B335 B K (p <0.05) ,S0D EVENIA RN E BB B E SR BE R TREALH(p <0.05,6 d;p <0.01,
11df16d), K& +UV-B A5HE + UV-B 4AfH#kH [ ASP,CAT.POD F1 SOD 7E AL aHHEA—3, [F
R, HARBRM - ASP JEHE7E 11 d 7116 d B EFRE (p <0.05) ;CAT 1EHELE 6 d F1 16 d B B E AL
(p <0.05) ;POD #EH#:7E 6 d Bf B EMAK (p <0.05) M7E 11d 1 16d B B E (p <0.05) ;SOD 7£ 6d Kt B F
KTEH 7 16 MR BER TEE (p<0.01), MHESXEE + UV-B HS5FHE + UV-B AAHEKM X 4
PR RS KB, B E A + UV-B 4 HkM /- ASP.POD {EH S5 H4E + UV-B AT B
5, CAT EH B E TR BE M T/SH (p <0.05,6 d;p <0.01,11 d /116 d) Wi SOD #E N B EH K BE R
Fi5#(p<0.05,6 d;p <0.01,11 d #1116 d),
3 Wi

R B EE R R RS UV-B $E 41 3E RIS UV-B 48 515 I B 15 #5 & (active oxygen) HI
0,” . » OH.H,0,.'0,%)#4T B IR E h H Y AR GE" ", PAL REERARERPH—I%
SR, R EREMNENERETATENERRERN, 92— XAER" #A S RO ELREBRE
K ZRE AR A B LR LR ™ , PAL ZEEZTH UV-B B5HES MR, X8l v 2
YikIEIRRT UV-B SES A THER —FTB™ . @ T PAL R FMBARE S PAL EHARED  HWAH
P ERIHATIESR UV-B B ER RARRE K FEKNAFH A PAL EHEIATHHAR LA HEE
RZEMA T REENRZM UV-B R R —F R, BRIGIE UV-B B4, PAL B2 HMIF RN
FMAEWEW, BoENBIRE R, BES BT S5 PAL HE 5 FMIR I WEF| PAL BHEFAE,
XERFRDEAED BN EMPREASTH A PAL BUHFEAE - EEESREER TRAL,
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2 1838 UV-B S B R RIK O ER AN LA o i R P RS IRt W
Fig.2 Effect of enhanced UV-B radiation and different nitrogen conditions on the activities of protective enzymes in millet ( Setariaitalica (L.)

Beauv. ) leaves in the florescence period

AR PSR PAL EHAR BN REYEXM SE KR EAXBEARBTRBOHTH Y, Jones F™ 42
HEEARE TR (PCM) #— U, ER A AR S BRGR A ENERYAEIE S, AR L3 PAL
EHEREAT . PAL EHTHR, SEREMRE AN B XY &R %, MARRELRTERH, BN
FFEMFRERR + UV-B A/ T i PALER—-HEE N ZREER TRA +UV-B AR T, XEWAERER
FEFF I BT8R UV-B S8, BRAR K EX FRES T 1 PALER T EHAREF THREARK
o FTAARBRFEIAN B BEKFILUE L6, ERIES TEKREAZR KM RN, o7 B4R A
PAL P A B FREMEMA DR AR TR, MRYE Beggs %' R X8 & RAW HIL 5K
W BBE AR IS 1E Y DNA SEEM LU KB R M AR OWA, X — S By T B4 T UV-B S5Hs
FWEES, EERRAR AT NN A TE NI UV-B EEHREE T E AR

R, FEFFIFFERTEAIER + UV-BAX THARHAMIBEEER TRAAULRER +UV-B 4
Sb, FRMEBIFEPE 70 A REM S B Z 2R UV-B BHURREKFEARHEW, XLFRE
ABRERS R LR AN, AAMERR, NERERE PAL BEI SR X A H RS 2126 MIE R
TEBMESEMRNERE, BEABEAEMESRBBEZ ", HHAFARE T A LTS &/
BORAEAL S PAL FEYEAR {22 [A) ] BEAE TR 4 00 - By TP AP T I I B B4R AN 10 RRZAEA , B R [A]
R B AR ST B X Sl A A K 5 B A B B [ LA B, B TR E B R AR S B R G kR PAL T
FHEARFERERILL K, RN, AHREA DT EEYA AR PAL [ TP R7E 5K EW G R EREE
£ 7 R ERX— RS M BRRE AR e FA F SR K PAL REFFERMUERAT #E—5
BE5. WAMERE B, WX — R BRI TR S 2 A I (B8 B P RE AT, B Ak T35 /e O PSR I FPRL
BB BAEN, AR FERBER + UV-BASRAHASHR + UV-B AZ M A RAWSTEN
HA UL AR ot A 28 B R & BARAE T BBTE TR AR S iy — B A LM 32 B3R UV-B B AR K FRUE
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R, R SEABSTAMT T, W REREN UV-B 5 RV 6 o] S Ar 1 A0 R 2 AR B A
A ENEFRERY, BRASHA + UV-B AR THEMEN F XEWSBRALEELER, WREAAS T
FREE S RXHEE UV-B AT WA IMERA B EREAR K PREH M AL EFM S RERNE
RTFBEBERKFX—HRAEYE UV-B BHIFR T AR, T fm AR AN, B
XA RBREERN , IR E SR RA KRB HIEM b, EFHEAR . YR, AR S, 454 Bjom™
MR XS B RIERBOER UV-B BA R T BE TR 4 288 T FIEXT 458 UV-B B4 &
Bax — MR HHE , KR HEBRRRKEERER SR T UV-B B4 RIS RIS 7 PAL
Ft & M BB R NGE 5 E NS TR A S A K BRI AE L UV-B 385105 F 7E 3R SR b 90 B 5 T Y
& T HEMEERM.

BRABRMSEMRIP YRS, R BREOUEEYER S UV-B ENEEFR, Reasa'" 4
L, BT EE REATETFERIEL UV-B SBEHERN A T ot R EESEY R ERRBRERNSE(E2), M
i UV-B B T YRR B R A AR , X U A —AE Y AR 138 UV-B 8B5S K
B dYE R B , B B A BRI R B AL S YEHT UV-B B AT B4 %™, UV-B $E5H4R S BUR I IE
HAIREZET UV-B S84HER B 0, CEEME T) — 2 E thE (active oxygen) YR KB R,
HIE A EAYUBIRR A EE YA Y RIS A MHE S, AR R LU R E UV-B AR iR R a0k
IR (salicylic acid) EH RN UV-B BHKESHR™S , SN SEARMRAR AR RN AEEAELE
ARKF ERRED  BESRAPMEEN ST, CARARPURALSHRESISREPME SR ER
A XA P RBY ARR A SR B LS T, BT oA SOD K& POD & HgE FFIEM AN R4 B
BRERTRES, CAT EHAETEMNRINEINERFRTEE. A UV-BBERM, BRAM AR MNIAKF
WERBEEYE NG, B EREBNERN — BB IR SRR TEEREY T EOL RS I
(PSTL) S H L AR K BESUR LA R B AL A R T T M S B BGAE RBA X, R, T 1858
UV-B B4t ab BUE , RFEKFEX T EMA TRIPEBEEEE S LRGRAFER, KRN - BN IFFEY
8], &R + UV-B HS&HA + UV-B HAE T, BIEH /4 SOD M EERRBER THHE,CATEEEEFR
BB EMKT/EE ;T POD FEHMELEELR ., ETHTH A ASP I, RIEREFAEHR UV-B 54
B AFRKEEHEREL W, XFHE UV-B S FAFARM B REARKEX IS T ot i R EE
HRARERNERE THXRRD, IAKERE. RORANRTEERET REANESFEYENTE
PRI N7 ERE , UV-B M MBMKFREZRHMUNROR, B UV-B B TRYEGEE R, HY &N
PSII.Z& (/R A DNA R S5 B R B o A ™) A3 R P B R 3R, T
T RBKFFELERF YR, 82, AP50AAEIER UV-B B85 T AR KEX RS T F R
PRSP RE LLBCA BR, JEARETA RIS R G A B R MR, T RS 5R UV-B FRSTIRSE T W finf B

BARTEHR UV-B AR T RE KN FIFEYS TH A ASP M POD K B & &4, /A1 SOD 5
CAT FEHRZRFZ KRR, L ENRZRARIFERS T4 UV-B BHTEE S 2 | 8 X R IMERFIT,
Rl A== o S HERUE , HHEE AL, T DA SR B HLR LSS B T . BARBRITIA Y, RHR e B
EAARIEHE 0L, & BRI T RE K FERES TIERERE T T RFEIN , AR A 1S B 15 v S
8 AR H PR A AR ) , XXHRE TP IE A TR UV-B B E NN R TR BN RBI5EE
RPRBEREKETFEMA T/ SOD B EER TRRERAEXKFTLATREBNE T, 8248
UV-B 85 AL BB AR AR bt . MILABERE , BURA R K RE A T A SOD MM sE B AT
B O, BRIBALFALH . RTABFREAKEXIFEYE T CAT MR s MK (B 2) , X IE
1 SOD T ¥ 25 b R #5455 : SOD ik O, R Y H,0, MREF A —MFEER, HERAGHEEE
I T CAT 5T, Besh ASP .POD SR E§H /RIS H,0, KTEER . SOD EHFARHIBCKE 0,7 BH RN
H,0,, J5& MR REG S CAT SR, Hit, 2 A& W HE XM AP BEE S FERS TR
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PSR UV-B B RE N — KR, R ENE R KA SXFEE N RSB Z MM X AELHA N, B
I, RFRFEKPX RS TEREY R B S ILRTUEER UV-B EE 880 2 H X R KIANRES
FmE.

Bsh  FERBFRER EH— PR RERFKFEENRREA(MRAESA ANESRE) 3R Rx
2 A At A 3 A AL R TSR
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