ISSN 1000-0933
CN 11-2031/Q

. - St s Ay RTINS T oyl M
) : i Wl i £
I 5 T e PR S rene . ¥ S ——

hEEEES -
PERER A SRR
RN W HIAR



LA AR

L XX
" (SHENGTAI XUEBAO)
immmEomes B 325 £ 23H 2012F 12 A (FAT)
H X

P E SR T AR IIABR S F MR BRI SRR e F E AR, RIER,E (7255)
Bl AF R F AP T AT B B R S R A T e W, E éq:"tg/{,\j’% (7264)
B ARELH T Ml RIB LA AR o oW, BN, & E (7270)
M AL BE KR B RAT A A X B IRSE B AT H A e WA KEW, I F, % (7280)
HAREBR S FEEIRRENBE FaRE LG ARBEAZG Yl e WO, ERE HAE,F (7289)
I T BE S DM R TR B B 28 TR T e eeeeeeeeeeeereeeeeee e KB E.Y E.Z (7302)
H T AR BB Ak A4 OB M T2 2 AT A T ARBE ARGE T AR evveeeeeeeeeeens FEANT, F3AR, 0 B % (7313)
AR R AR BB T G 8 RAME AR VAT R ST A e % B AR, 4 (7327)
i PFU A A& B35 B B AN AL TR ARG F A - FHE,KEE,REE (7336)
AR A PER FZAESEFRAFE—AF TR BB e F&F HHE, TLE % (7346)
B TR B EH IR TAE BT BFGR,  cvveeeeeere LAl E #E (7355)
Bl B ERAMEA R T EARBEILH B T oo IME MEEE,KEFE, % (7364)
YA B 9] 5 5 AR 3R BRSO R A B oo WA, $ 34, BARAL (7375)
F IR K R S B A AR AR KRR B 5 B AL e EM, K S B, ERUR, % (7383)
FEHFAF T A XA E B RBRARAF A ZAH e FRH L HIER, KRR, F (7391)
DIRR AT NBAA T AW 2 TR B G RAF oo th AN, HEE,KEE,F (7402)
¥ 3% UV-B f2 44 fe BT 6T o o & F AR BRALAR P M R AGTm0 ovveeeminieeeeen g7 K E R (T411)
TR B = AT vt A R S A K R W28 e ARG R B e ERE EARA TR, % (7421)
FFLARE A BTN RS TAC T T AFAE v FwmE L R, ETHE, % (7430)
R M A A T BRI VAT M TR e RAH,EHRE, T Ml (7440)
FRHGEIEA WA T R A D B BAAR R TG S0 e IO, RGP, FEFR,F (7452)
KA B 3 3L e v AR T 12 1) e B m8) e e erneere et Fuek, 24 (7463)
Wy M, BL SRR HE K AF AR RE T+ evvte ettt e et FNE,RELE,EAE, & (7473)
TR R AR AR AR T A T éqz%'g’g&ﬁ%’ﬁ%%ﬁ’% (7483)
T F AT A RS R AT KA A F s e R, R E MK, % (7492)
AR IR e L IGAT B AR B KB HE T e FIORLMA R, 7 K% (7501)
B L3 A AR B B T AT LI AR A A S A AL BRI B e FAME, KRN, B CHE,F (7512)
T 25 25 35 35 B 7 6 FATE B v vee v eneenneenneeneesieenneeeneneee e XER, LHT, EHE, £ (7519)
AR W i bR - A B < PP A4k EwHE T % (7532)
IR B AR A ) A G S T e e B,k #,FRF, % (7540)
A6 T T IR T AIRA T TE FD UG TK T 5L v vvvvrvevnneneeeeeeseiiinnnnnneneeeeeens X\ EH % B R (7549)
REFRAEEARES-ZHE THRERS T —— AR BIDAI T RBARIEA B e

............................................................................................. ok, R DG (7559)
2 08 W28 R H 2 B ) AR A 5L AR B S G e B, BWAY EER,F (7568)
M A AR /) 3 R B AL S F 2ot A A B IRATI Ao RBE FUWL R R, % (7576)
T i A Sh Ak 5 T A X AT HE L AR BRI PR oo FRH,F A, FEH,%F (7586)
KW T AR LIRT A ELBEBTHIER LB AT oW ERE, Bk, % (7595)
TR 5L
WG EATATRIE AL L RAFTOLEIE  ceveenrenereiee et #HxdE KEE (7607)
W 25 B BB KB Tk R AR AR ZETE e eevreeernnereeeineeennieeesnnneeens KB, WX, RER,E (7622)

BFIEARZSECN 11-2031/Q = 1981 * m * 16 380 * zh = P« ¥70.00 * 1510 = 38 % 2012- 12

ECEEECEEEEECEEEECEEEEE

SHEEW: B —BERE TRER, R EREA I, Dish FERRERS &) 70 TAR WX, 3 19 t22m), HE T AEdL
DR EFMN R, 1900 45 N EERAER AT, BEEERAR B — 25, 1901 4F, & B A4 DURR R B T 4
e A faf | DY EDCE TS AU Y 18 Sk BRRE, LI BF A 1 5 AR TR A B IS R [ P, BRI A e T A K
RSP R AL T 1985 AR BERE M E AL M AR & R BIAL X R % i 7 VLA RESEH, X
EAEVLINE KB E KK B SRR X 0 B BE R (EAE AT

FERM: BEFEHER bl K2%  E-mail; cites. chenjw@ 163. com




5532 B 23 1) S = & il Vol. 32, No. 23
2012 4F 12 A ACTA ECOLOGICA SINICA Dec. ,2012

DOI: 10. 5846/stxb201201160095
7%, BhE AL, BE9R UV-B RS MEXT A F e A @R ZARRE PR Y SR g m. A 285231k ,2012,32(23) :7411-7420.

Fang X, Zhong Z C. Effects of enhanced UV-B radiation and nitrogen on photosynthetic pigments and non-enzymatic protection system in leaves of foxtail
millet ( Setaria italica (L. ) Beauv. ). Acta Ecologica Sinica,2012,32(23) .7411-7420.

5 UV-B @S fIEa e FHAAERaER
EEIE R 3P 490 R B9 22 i

- w12 L v2)
7 %V AE R
(1. BRI gL, FK 400047 2. PHRG RS Afnblopsfbe, BIK 400715)

W E . IR T (Setaria italica (L. ) Beauv. ) ARG NI I IR FRE45 TARA (1. 875 mmol/L) AL (15 mmol/L) PP UL
FAE I BRI F UG T 26 d BIFRARIEE (4.29 7. 12 kJ-m ™ d™") ISR UV-B B ALBE BF5E T4 Tk rhoe i (R & i g
i) 5t FUOR TN 2R 2086 (PAL) W MR8 E . 45 R RW] . 5 @ AL SR AR L AR BN ZR I R T8 P dob B B RS
EHPEE T A R/ SR AR L AT A T BORE R P B R AN A T A T HOL A AR A B XY TR UV-B
O LUAR AU R A% #TH’J@?E’E& o MIHER T IR B AL HRE5 R W]ﬁ’ﬁ’”ﬁ.?Xfﬁ?ﬂqu*ﬁﬁﬂﬁiiﬁﬁﬁ%%”ﬂ,iﬁ?ﬁ
UV-B 3@ 4 58048 70 2 5 & Rz i T, HAR R R UV-B fE iR FRA N A F A T h 288 B e & T
T AR S R AR F /ﬁi?ﬂf‘# PAL 375 P X% 15 5 i) 51— g i I, 58 248 T 5 kB g (IR SRV L I 25 (4% 7t v PAL V%
PEWI AR, 456 FRIEFRIAESCME 2 D45 A T A0 AR UL 25 (A s T AL T B F Y B A F it P 2R B A R R O
BT MR/ MR SR E YRR S TR B TR A T OGS GRS BRI UV-B RS AT AR X £
FEME ARSI UV-B 555G EA A,
KPR YR UV-B 50 A0 8 1506 G S8 RN &R % 2 i (PAL)

Effects of enhanced UV-B radiation and nitrogen on photosynthetic pigments and
non-enzymatic protection system in leaves of foxtail millet ( Setaria italica (L. )

Beauv. )

FANG Xing'?, ZHONG Zhangcheng” *
1 Editing and Publishing Center, Chongqing Normal University, Chongging 400047, China
2 School of Life Science, Southwest University, Chongqing 400715, China

Abstract ; Enhanced UV-B radiation resulting from ozone depletion in stratosphere with the increase of human activities can
harm plants greatly, whereas the change of nitrogen supply can affect the sensitivity and resistance to UV-B radiation in
plants. Foxtail millet ( Setaria italica (L.) Beauv. ), a typical C, crop plant, was chosen as experimental model to
investigate the effects of enhanced UV-B radiation and nitrogen supply on photosynthetic pigments and non-enzymatic
protection system in leaves. The plants of foxtail millet were fertilized under two different nitrate-nitrogen conditions
(1.875, 15 mmol/L) from the jointing stage to the grouting stage, and were stressed by two different intensities of
enhanced UV-B radiation (4.29, 7.12 kJ*m™>d™") from the heading stage to the grouting stage (26 days). During this
period, the photosynthetic pigments and flavonoids content and the phenylalanine ammonia-lyase ( PAL) activity in leaves

of foxtail millet were measured. The nitrogen supply showed significant effect on the photosynthetic pigments contents in
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leaves of both UV-B treated and non-treated foxtail millet. The leaves in low nitrogen supply group showed significantly
lower photosynthetic pigments content but higher carotenoid/chlorophyll ratio when compared to those of high nitrogen
supply group according to most of statistical test results (P<0.05, least-significant difference, LSD). However, enhanced
UV-B radiation treatment showed significant effects on the photosynthetic pigments contents in leaves of foxtail millet in only
the 11th day and the 21st day, and the photosynthetic pigments were more sensitive to enhanced UV-B radiation treatment
at the high nitrogen group compared to the low nitrogen group. The nitrogen supply showed significant effect on PAL activity
in leaves of foxtail millet during the whole period of this experiment, whereas enhanced UV-B radiation showed significant
effect on the PAL activity only after the 11th day. Meanwhile, most LSD results showed that the PAL activity in leaves of
foxtail millet increased in the low nitrogen supply group compared to the high nitrogen group, whether treated by enhanced
UV-B radiation or not. Furthermore, both the nitrogen supply and enhanced UV-B radiation affected the flavonoids content
in leaves of foxtail millet significantly after the 16th day, and the flavonoids content in leaves increased significantly in the
low nitrogen supply in the 26th day independent of enhanced UV-B radiation. There was a significant positive correlation
between the flavonoids content and the PAL activity, but both the flavonoids content and the PAL activity had a significantly
negative correlation with the chlorophyll content. Moreover, there was a significant correlation between the chlorophyll
content and the carotenoid content. This study indicated that in leaves of foxtail millet, low nitrogen supply treatment could
enhanced accumulation of flavonoids and the carotenoid/chlorophyll ratio, thus caused more stability of photosynthetic
pigments contents when foxtail millet was stressed by enhanced UV-B radiation compared to the high nitrogen supply during

the breeding period. Therefore, low nitrogen supply treatment may improve the resistance to UV-B radiation in plants.

Key Words: enhanced UV-B radiation; nitrogen; Setaria italica (L.) Beauv. ; photosynthetic pigments; flavonoids;

phenylalanine ammonia-lyase (PAL)
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Fig. 5 Effects of enhanced UV-B radiation and nitrogen on

. . - activity in S. italica leaves
flavonoids content in S. italica leaves

&1 52 UV-BESFHMEMNAFHASERE XEMIER PAL EEZINE T E D
Table 1 The ANOVA of effects of enhanced UV-B radiation and nitrogen on photosynthetic pigments contents, flavonoids content and PAL

activity in S. italica leaves

. ENGLGSEUN R O e Wam =
A BIER R Wi [A Test statistic F in different treatment time
Physiological parameters  Influencing factors

6d 11d 16d 21d 26d
e R o T h N 115.844 *** 156.312** 60.373 *** 56.221 *** 37.731***
Chlorophyll a content UV-B 2.771 4.083* 0.038 7.064 1.467
NxUV-B 1.029 1.127 0.879 0.909 0.619
LR E b S N 140.221 *** 159.191 *** 106.247 *** 73.403 *** 18.345 ***
Chlorophyll b content UV-B 1.886 2.869 1.046 5.533" 0.166
NxUV-B 1.392 0.165 0.069 4.203 = 0.162
KW MR T N 30.050 *** 86.087 *** 39.020 *** 26.801 *** 20. 117 ***
Carotenoid content UV-B 2.023 9.731** 0.144 6.526" 1.735
NxUV-B 0.945 1.690 0.952 1.206 0.320
B N 1.218 1.338 24,234 " 70.962 *** 30.053 ***
Flavonoids content UV-B 0.184 0.917 5.565" 5.054 " 5.549"
NxUV-B 1.324 0.222 0.369 4.332 % 0.827
PAL itk N 21.747 % 34.452 %" 144.808 *** 124.452 % 278.313 ***
PAL activity UV-B 1.122 14.463 *** 5.517 20.362 *** 16.420 ***
NxUV-B 1.720 1.171 1.149 0.613 13.713 ***

N FR AR 4445 (df=1) ,UV-B /R HE58 UV-B 55 (df=2) ,NxUV-B FRPIHF M TAEH (df=2) ; * Fm BEMMZR P<0.05; * =
FOR B FMMEZE P<0.01; * = = FR BEMEMER P<0.001
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3 g

ML AR A E B3 T, NG 26 7 JZ 450 b 0 A 0y i R 2 0661 T I (R0 i e 22 D & (4
MR GRS YA RE AR W IR ) r R T B UV-B SRS B RO, s
UV-B T E0CH Y 46 P 7= A T 1 4, I 3R 40 5 i HL UV-B 43 59 0T RB 1 Tt s R i AR B4k n
AR 2 VR ATE RN R, UV-B 46 5 7 38 48 5% w1 420 4 A 1 I 6 255 o T3 sl i skl A 9 1)
HEAVEHIERE, FURM 2R R T TG TR Z — , R PREE i AL R AR R P i 4 25 it Ay
RAFEm ) 5 LA SR T 45 FAR L2 AR ST Hh G S A SR 45 UV-B 48 AL B UL 7K 19 22
SER RS T AR SR B, AN, R AU A5 P AnAnT S i A ) AR P SRR B S XTS5 UV-B R T
U Jr T, LA BRI I 4 RN R — B, — SRS A5 A o, U2 UV -B SR S 3 5 2 ] 5 S0 9 14 oy -
EEOE D E TR 5 — S g R B, FTAF 78 A4 R i 2R 3 0 3 SR 0 A UV-B 4 S AN SR, HORTRUIE B
IR A 222 A TR R B, TCIS S A A LR W5 UV-B 482 S 80 B SR 2
R RE BRI, AR SIS K 2 AR RE R T XA A R S AR bR B R R AT S A R R R A
A SRAT AT S e (1) 2 PR ol D] X AR ) P S 2% 5 7208 AU MR A — s IR () A ) B A80 , DATRE A FH T4 LBt 1
IKAERE A [F A B XA Y UV-B 48 S sk 2 i O s A Ol 1t ARl A — SR 5 ) RIAR B 52 1) 45
ST DI 2] 3858 UV-B HR AN [ UL R 2544 N A - v b2 2R 5 6 1) 5% i) PR 490 A 2 K s B AN [ 1
BRrES, WA bR T RIYE IR AR 0 m I Cand ) b, AR A AR (CAnZe R 4 0 A 3R
W) R YIXT UV-B i S AUtk 5 i A iU, R A o 00 A e 3 v T LAt FE A g
KR UV-B R SR & B A5 0F T AE K A i rh it 3R 5 sy e AE I B (56 11 R) RS 01 rh
B(%6 21 X)) BOLAM T Be W, 5 IR B — B, 2T A MR A A Al s e AR ) UV-B SR S
B ZRI IR, — e R R A= & SEYIXT UV-B 58 MU R &0 | BARA I o A S i
HZREA—F,

SR, R BER SRR AE X UV-B 48 S Uk (9 2 AL BRAIL 4TS A2 AH DA 98 N B T i 7 — T o 2 T
A AN A I AR B R — SERIE ST A A A A A N — SRR AR O ) 5 T DR A A A
K= I RESR SIS L AN B, NI A 5 A i) T X ISR R A IR AVE T L R R RS, i R
X UV-B RS BURNE R [F R AP o & e i A8 A0 A R AR . 2 D RN U I A% s G RE ) H 20l
HEER, AR K E LA R, EREN UV-B 55 IR I BA T A B b A
B LR A AT MR AR 1 R RO VE T, NI e A D RE DL A A B W EE A fEARR R b, &
TR DR AR SR S ARSI EE B BT R BB IEA R (£ 2), B
LG AT AE P VR 220050 245 S0 S 7 45 o UL R 25 F A S B N 2 e i) i i AP IR 4 A
FIT WG EAE SRR 98 UV-B SRR 2R R 053 s (HO27E 28 DR/ a5 5 2 ARk )y, 4
5T 5 H A IER ARG RAR . AR P RAAA TP a2 B & T e A (K 4) , HEEAH5 UV-B
SRS AL FEABIT) AR S R M R SRk B B AT (R 1) o X SEBR b REPRAE 7E IR 4555 1 (1 -2 2 AF
T ARAMAERN F A RIS MRS BT, ER A RO T S R A Z UV-B ST, FILie
AT LU 2 LA AR R 8 2 S BUR A A LA R & i AL 38 UV-B R 5 RO A — SV A

YRR RN S — R E LR AERHE R P It , R WL & Y 2 B RAEAE Y M 22 S5 3R 2 2, vl B %
W SCRIBHSY UV-B &5, B Avrnl WoE i, I A Wi iS5 6 A7 F B IE 5 12 47 5 [R]B 28 8 R 43 b & A A i A0
S, DRI AT LA B UV-B 58578 T8 ARG T 1 S8 LAV 2 A 0 A i 32 B i 2 3 108 B A 1 a2 1) S Ak i
PAL 35 S AR A2 A58 0 2 UH B AR (b 5 PAL TG PEARfL 2 [RIAF7E B I IEAH G OE R (2 2) . Iy
T LG R G A TR R, PAL 35 P A O UL R 25 2F 5 Sosk, i B 58 UV-B R Ay
TRSR A HURE (B 6,4 1) o JEBERACIHA: A PR ZUBE R (AR X980/ F0 UV -B 5 T i i , HAT Je A= B4 Ak
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HLE A DR T BIRA B THE S AT WA PR IA s IR, S 58 A8 43 T T AR 45 7 o PAL T 1
5 SRR 5 A X GBI A S, UV =B A S5 BRI S8 22 S i 0, P AL 395 42 A5 DI B 5 4 22 {22 [ i REAT7E I
RN SRASEIESEN T, 5 PAL WAL TE R A A B R P A RO G, B0 T T AE 5 AT
WA ARELLAS T A S BB 5 A A T AL Ry, B SR UV-B A B A X — I A B I S 3
AR S A TR (B 5) X — R T WA F R, R 345 5 AT BRSO o0 LR il i ik —
AENIE, S35k MR E A G A & i PAL W MR L Z B OC RORE 1T 5 R P 43 5 3R
FRTAARICR (R 2) , B RS 25 1 W) U BEN AR P UIAR G, DR T 7 1 LR iy U s 2% P A
IR 3R 5 i 1 [ i S A ) T 2R B A AR SR . p T 2K R 5 R A R I AR AR BT UV-B R S 9 0 A
ALt AT S A BT T AR AU R S AR AR R i R i P i S R R 5 UV-B R S AR A Ak 2
SIE) R g AR AN B MBS — S AR, TR A WSR3 U 2% 1t RE A 0 S Ay 1) I I e
FIBA B, T EEBAR B A F T AR S A R THRET UV-B S SRS B 5 rh i AR AL PR
W I B 5 R AW (AR T XTI A TR ) sl S8 DR SR I BN 58 14 BE SRR 1) 22 I R IR
PR AR S B 58 AN S A TEAR T I

F2 EEUVBEHNARAFHTATFHAGSER LEWIEFN PAL FETHHXER
Table 2 The relationship between photosynthetic pigments contents and flavonoids content and PAL activity in leaves of S. italica grown under

different nitrogen conditions and enhanced UV-B radiation

MR R A EE MRER I
Total chlorophyll content Carotenoid content Flavonoids content
KB N ZE A4 Carotenoid content 0.410**
B 7 & Flavonoids content -0.574"" 0.002
PAL % PAL activity —0.685 ** ~0.177 0.760 **

# x FORAHICHELE 0. 01 /K7 LB 2 (WURB)

B AWEIE R AREAL Z& A sk 1 Ak T S T E B Bery A T rh 2R B R AR IR T Y
KWE DR/ MRS R AV AR 008 T A T HOL A GRS R AR IR UV-B R AT RO E
P, RIS XRERARST UV-B @500 5 A A, SR, AT A A — L R AR 4R 1T . MBFFETT ik BR A
W5 AR S8 4T A BF AN SOR TS, AEAETE R, ™ A% 42 il SU B RL 2 PR 2R T T T b Tk 45 4 1
AR A A BRAN TR 5 258 i FH M B SR A B3 7 o e 52 38 30 1) — 42688 205 R 0 S5 6 T R Il ) AN R 2 i) {EL
7 At ol 73 S B AA I A2 K BH 8 SR S 0 B P DG IR o 3 88 25 R 58 IR MO T B A R 4% A A
—E 2, M H., h THRT S = A A T8 IR A KI5 M 55 K B UV-B 3RS OB}, W 50K RE A 35 5 97
AR BEAh BRI A B Y B A 50 A e il e I ROt ] REXT A T B IR R AR RO R A —
M, P AP IE R R SE TG H T4 1 37 XA R I Bl A AR A PR it — P ik, U, IR
BEACH BRI T4 70 a 0 195 UV-B Fi M A BUEHE , — SR LA B T4 THRPT UV-B 4450 H
HTIZAME T A T OLE R & REBIR DL EREEFOL G 7 Wi P i S5 W 2 2 BRI SE 0 X345 7 192k
Yy R R B o U8R XA TR R Z& A B i A R TR A KO FHIRET UV-B 48 51
BRI, ADBFTE R i — e T Y e A A T AR A 7= i el A W i A i A2 H 5 UV-B R ST st
2232 B g B0 R TE Y A R ] LB S R R AR A O & 6 R X A
SRIEAT BRI, A3 w5 B2 AN — 5 S B S W R 0% S S e S /s AL 1 B B I
FAE— D EHEVER AT R AE R A EAZ T 323 UV-B ST AR B B A BRE . I, 7245 261
B v S s o AR 26 PR B, DAGE B O 5 i SRUBE R 25 0 il 2 AT SR L 380, WA o
A RVE B IR T A AR — i UV-B FR ST U A AN, B R — @ Hitkn) ¢, KAk
Yy, DR HCAT S A AR AL B AT 15 T2 AR A B IR
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