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E: [ HiY ] #F5EARH UV-B RSB KRG A WA F I (rEE] . $ Andh Ry ot B U o=
Hsgmd . [ Jyik ] DAICPRES KRS S Fp OB RE A AR, KRN AR, F98 IR UV-B SE S50 E (0. 2.5,
5.0 F11 7.5 kJ/m?) XK AE A4 F B I R ZACE DGR [ fNAR ARG (NR) . A &M & 58S (GS) MIBZ A
i (GOGAT)] itk . S &WE (AR S BB A IEIR) & 5 B oAl il dn (A i, BoRis . TRk
T SRR ) R, [ 45 ) SXTEAHIL, 2.5 kI/m® UV-B 48 S KRR GS iE M . 1k
GOGAT i . 3 BE 10 Jh Aol 300 B0 00 8 L 1R 3 i W0 5 R 5 (P<0.05); 5.0 kJ/m” UV-B 4 5 i 7K Fef 43 BE
NR &M %45 W1 GS Al GOGAT BE M . mIVA MR 1 S i s SR & 1k i & 4 n (P<0.05), #7771 NR &
PR AL (P<0.05); 7.5 kI/m® UV-B 3B KFE&E BRI R 9 NR. GS 5 GOGAT itk . WiBHEEAS
It S SRR i 3 W RR AL (P<0.05). UV-B ST IG s ] 1A 8 B0 A AR A . BRIl . 45 SR TR
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Abstract: [ Purpose] To study the effects of different UV-B radiation treatments on leaves nitro-
gen metabolism at different growth stages (tillering stage, jointing stage and heading stage) and yield
of rice. [ Methods ] In Yuanyang terrace, the local traditional rice variety Baijiaolaojing as research

material was cultivated in situ, the effects of UV-B radiation (0, 2.5, 5.0 and 7.5 kJ/m’) on the activit-
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ies of key enzymes of nitrogen metabolism (NR, GS and GOGAT), the content of nitrogen-contain-
ing substances (soluble protein and total free amino acids) in leaves of rice at different growth stages
and yield component index (effective panicle number, panicle number, 1 000-grain weight, seed set-
ting rate and yield) were studied. [ Results ] Compared with the control, the activity of GS at head-
ing stage, the activity of GOGAT at jointing stage, total free amino acids content at tillering and head-
ing stage of rice were significantly increased at 2.5 kJ/m* UV-B radiation (P<0.05); the activity of NR
at tillering stage, the activity of GS and GOGAT, the content of soluble protein and total free amino
acids of rice were significantly increased at all growth stages (P<0.05), and the activity of NR was
significantly decreased at jointing stage at 5.0 kJ/m’ UV-B radiation (P<0.05); the activity of NR, GS
and GOGAT, the content of soluble protein and total free amino acids were significantly decreased at
different growth stages of rice at 7.5 kJ/m* UV-B radiation treatment (P<0.05). The increase of UV-B
radiation inhibited the effective panicle number, grain number per panicle, seed setting rate and 1 000-
grain weight of Baijiaolaojing, which led to the decrease of yield, the maximum decrease of yield was
22.8% at 7.5 kJ/m* UV-B radiation intensity. [ Conclusion ] Enhanced UV-B radiation in the field
had significant “dose + growth period” effect on the nitrogen metabolism of local rice leaves in Yuan-
yang terrace, middle and low intensity UV-B radiation could promote nitrogen metabolism of rice, the

most significant with UV-B radiation was 5.0 kJ/m’, while high intensity UV-B radiation could inhib-
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it it. The increase of UV-B radiation resulted in the decrease of rice yield.

Keywords: UV-B radiation; Yuanyang terraces; rice; nitrogen metabolism; yield
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A, ENRRAZEER, #HmFECRTZWIL UV-
B & 5T (280~315 nm) FURE S0, M UV-B 45
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UV-B 47 5 5 5 SRR 40 10 A K 8 AR B A
[ 2 B B s i, E B R IAESNRIE B B A8 1L
DNA $iif71 . & RGEWWIN . NIRRT EM
BUE KA R R R RS, AR R KRR &
Fhf . WMESEREEAVSMEER | BiR . B
SRS AR ) o ) B A B, RS A A
FEMNWZ—, S 5BV EmTE B CE
RERL R I 2 EE AT, AR B IR E
BLHBMOTRZ—, G AT R A A4 P Y
PRI . AACHHEAR Y A A Bl h e A R
IR Z —, AMUGEmEY AR
A, mHARKEE Fve g mmmamm™, HR
IS JEL (nitrate reductase, NR). 752 WG & Rl
(glutamine synthetase, GS) 5% &M & W (glu-
tamate synthase, GOGAT) %5 & A 15 5 8l il 15 Pk
bR T 2B A B SR e s, YRR R
A Z L A 5550 PR 58 25 4 A 5 BUk, Uv-

B fRSHERZAE Y A S, SBINR, GS
1 GOGAT 45 A OGRS 1 & 2% A
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Wz —, KT UV-B R GG KR A2
Mol A7 —SEpfF 5™, (HR K 2 B0t 5 Al H 7K 7
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KZAEEWIRR, iRk, RAMES AR5 UE
T Tt ANE B R K H UV-B 4R 4858
PRI 5 T EL g A R AR 4 i B A il
9 S5 N HETT Y, Bz K AL AE S5 F T BT
€, SRR AR 2540 T UV-B 48 St s ot
TS BA RN, teAh, KRR
Tt A Pt FH R i AR 24 S A ISt A A5 Ho b i AR )
FEIE A TEA W A8 bz, SR S A A A
HERRGWATRE,

= A TG FHRS AN e IR 2R B A I X,
— R . TR A S R G ER,
A TZA H KA Rl B Bl 300 Z2 4R T
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FE, H YUK AR AE R AR Kad R, R AN
TR AE R 2y, JoH R, PeriofaE",
HAr, EREFELMET, UV-B RS T
FEA% S8 KRG A0 B2 i 1 A DLt . A6 LA
TG BAAH FH A% Ge /K R i b 14 B R A R G X 42
FE TG RARS AT FH R AR, 8 i B A [ i
JE UV-B R8T, #5986 UV-B 5558
JEXT TC AL G K REAN TR AE B I H NR. GS I
GOGAT %5 A G 5 Sl il 15 M A mT Pk 2 AL
SR SRR AR, SN R R 46 0F T Frek
FeE A 1 S s PR LB AR A

1 MREEZE

1.1 iR5 s S R
1.1.1 5 H A/

IR M A T 2 7 4 o0 PH B8 A 5 1A A
M, 4% 1600 m, N23°7'15.8”. E102°44'45.6",
T Hb ANV R AR A B A L Pk 8, & Ll b
WA, ZWRE, PR 15 C, 478
/K & 1397.6 mm, F [ 4 3200 S i F R,
pH{E N 6.45, H ML &N 268 gkg, XA .
SRS 2,42, 0.75 F1 6.07 g/kg,
DR A SR 67.5 mg/kg, RSB RN AR i
43514 20.7 Fi1 150.1 mg/kg!™,

1.1.2 REHR

IR I8 4R R T BH R T M )57 72 5K 8 (Oryza
sativa L.) fiFP A BEEERE, 76243 E A 300 Z4E 1)
R T s, b B AR B SR 22— KRR
KR T oo B gk Bl . 201743 H 18 H
WAEN, 5H 15 HBHEZIEE/ XN KL
KA At AT A e 25 R AR, 24 F AL T
AR
1.2 R UV-B &5 ab 2

TERATKRE Fr i & RIT 4, BH 13
40 W ) UV-B 4T48 (dbat, UV308, ik 280~
320 nm, JUEHLOETRBEIT AT EE L) dEFT SR UV-
B & S Ab BRI UV-B 58 510 2 4 (b 52 IiE kK
SEOCHLAER ) I R AR TV G S 5 R i
UV-BiESIRE A 0 P HE4L, HARIEHE), 2.5,
5.0 F1 7.5 kI/m® 4 NALE, S0 HIAH Y T4 E F
R 0. 10%. 20% F1 30% AY R4 2 0 51 /Y
UV-B iyl , JCPHBS I E 2= H UV-B 5§75 5
B 10 kI/m?, FFBEfl 4 -5 B 2 DL e o 3
fit, AroEEm oo, 2.5, 5.0 F1 7.5 kJ/m* iy UV-

B iR, FEKRERAR A AR RS, RNWETY
LT A8 v B LA o 4 RO (AR AR L3R, %R
AN I A (A6 ST R 2= R )
297 nm KA RERETREE . MOKRERLET R AR T
HRENHE, K 10 00—17: 00 4&M 7 h (R
KEEANY . ALBRIE], ] UV-B I 5 AR 7K A
MR J2 4% 5 S R6 B 1) UV-B SR 5o, 3 a i i
KT B BE VR TT UV-B SRR, AT =
VEBRAEAEE TG H SRE AT EAT . X R AR AR O B
FESAMT R ITAE, DIGRUEAR BRAXS BEAERR 1) A
IRICSAERATR] . PR X 5 4 AR BR, 43 ) FT
0. 2.5, 5.0 f17.5k)/m* UV-B {@E 50 B, & Ab3g
ER 3R, BA/NXHEAEN 225 mx3.9 m, A4
INXFIAE 14 17x16 FIKAE, BN 1B /NXH)
JEHE 6 17 4 SKAEVE AR 1T
1.3 W EFEbR KT

TERFEAE R 0 BERA . P21 30 SR kA 7
ke, BCA LR 2 A R IF A D RE R 545 10
FEARAUMIGE . NR., GS Fil GOGAT I 1% g ot
A=) TR S A B A 3050 G A T HR B S I R
AT S RS DS G250 YL@kt
SR SR FHER = B e o ki) 2 2

KRG F 2017 4F 9 A 29 HUGR, &4
I /INX BEHLE 10 #RAKHE, DE KR A A0HEL
FRRIEC, BR 2K RERAEAN I R, I
TRV AL B, FRLIE AT RL ) 50 6 o AR B,
RIS 2 S AR/ NXBEHLIE 3 43 1 000 Fikf
RRER, DI TR R
1.4 BEAEE S 48 b

B4 H Microsoft Excel #4715 ML #T, FHR
FH SPSS 22 ik /4T LSD 25 57 i T

2 HBRENH

2.1 UV-B &S50 KR Fr iR IE R B (NR)
PRI

NR 2P A T AEE NO; %4kl NH, 1Y
551 B OV G R, AEAE A R e
PERVERT, M SR e T R A 58 ES .
1AL, R A B I K RS A NR 35 AR
ERLE AR . FEATBEIRP T, SXTIRA L,
5.0 kJ/m® UV-B 4§ 40 R K F& A NR 6 1 2
F RN (P<0.05), E 2.5 Fl 7.5 kJ/m* UV-B % 5§}
AbPETE AR s fERAERA, 5.0 kI/m® UV-B 8
SRR () NR §5 M5 0 BEAR HC B 3E A8k, 7R
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2.5 Fi 7.5 kJ/m*> UV-B 48 51 AbBR T NRYE M & & &
ik (P<0.05), 5 X B AH EL 4> BIBEAR T 58.2% F
62.9%, WIALHRAZERARE

35 a
1 0 ki/m?

30} 0 UV 2.5 kl/m?
Bl UV 5.0 kI/m?

25+ B UV 7.5 ki/m?

NR 7% 1E/(U-mg™)
NR activity

71 EESY] ALY

LR
tillering stage jointing stage heading stage
A H I growth stage

T AT R TE [ — R R A B 22 5 .25 (P<0.05); 1A,
Note: Different lowercase letters in the figure indicate significant differ-
ences among treatments (P<0.05); the same as blow.

1 UV-B @51 58 xS K #Et 7 iHER T SR B
(NR) SE MRS
Effect of enhanced UV-B radiation on the
NR activity in rice leaves

2.2 UV-B 4% 53858 % K R - 1y 45 2Bk e & rk i
(GS) B &R & 1l (GOGAT) ¥ 14 152 M

FE W) W U NO5 e 28 8 38 Jt NH,, 1
NH,'[alfb F 58 1+ GS/GOGAT 1B 5E /K., GS Ik
4 GOGAT R fiEfb 5 &R AL A AWk, 3L
PRI IETR I A S . I 2 s fE5rEE
M, SXEEAHEG, 7.5 kI/m® UV-B %8 5 K A5 i
-GS i BEERRA (P<0.05), 7 2.5 #15.0 kJ/m?
UV-B 55 5By KRG 0 B GS §6 4 5 %) 18 2 [6] 22 5%
AN, (HPTAL ] 22 5 B 2 (P<0.05); T
R, KRG H GS 1 MR B e s T
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M AL R . SXFRRAH EE, 2.5 F1 5.0 kI/m’
UV-B & 5T KRS GS 16 PEY) B 5 (P<0.05),
7.5 kJ/m* UV-B 5T i A% (P<0.05),

M 2 AT 0. 75y BERAFIAE], Xt
M, 2.5 F1 5.0 kI/m® UV-B % 57 I K 75 - A
GOGAT E P& A W% 421k, 7.5 kI/m* UV-B §i
ST KRGO B GOGAT 10 % 1 3 P& A% (P<0.05),
R AL W8 E 43 ) Sk 76.8% Al 88.9%; FE kT,
2.5 f1 5.0 kJ/m* UV-B & %f Bf 7K #§ GOGAT i
P, RS T 49.7% 1 88.2%, HM
QbR 2 6] 22 7 3 (P<0.05), 7.5 kJ/m® UV-B &
FEXEIC R EES
2.3 UV-B 58 55 34 om0 /K g I B ml ¥ v 2 A
TR IR S =R

L3 FTUL . FEArEEIFNAE, 50 B A
Fe, 2.5 kl/m® UV-B & 4B K R 7 ol v A
SREAH BEZ, 5.0 ki/m®* UV-B 485 17K fE
Rl S A (P<0.05), 7.5 kI/m’
UV-B & ST KREI B il 8 o R TR
(P<0.05); FESRIH, SXTREMILL, 2.5 F15.0kI/m®
UV-B 4@ b B K Rt el st A & e 2y
B EWEIN (P<0.05), PALPR[E)2Z A B E, M
7.5 kJ/m® UV-B 5@ 5B 535 R % (P<0.05).

FESYEEWIRNAAEI , JKAE I R Rl B R
AR, B UV-B 58500 3 it
LA INJG FRAR R AR fL ke B, SXTREAME L, 7
2.5 F1 5.0 kJ/m® UV-B 45 5 B K Fef i - 5000 25 24
BEm S WE N (P<0.05), WIALRRE] 2 5
(P<0.05), 7.5kJ/m>UV-B fE5HHSAT &2k 76
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Fig. 2 Effect of enhanced UV-B radiation on the activities of GS and GOGAT in rice leaves
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R B B A SRR A A, 5.0 kI/m?
UV-B $& 5 i & H 55 (P<0.05), 7.5 kJ/m* UV-B
RS B2 TR (P<0.05) (141 3).
2.4 FARHIEEE VS & B AR OGP 7
AT BB (e 1) KFEBE TR v 2R
ORI B LR & 5 GS TG PR 2 B 4t E
IR R (P<0.05), K IHEEA GRS
GS. GOGAT iP5 i 35 A i & Gk TEAH OGO
A (P<0.05 1 P<0.01), JiFEs &AL & =5 NR
B E PR C R (P<0.05), Y vl i
FEHASES NR. GS 5 GOGAT i 1 2 1o 3 Fik
i FRIETEMISEE R (P<0.05 F1 P<0.01), HIFE
IR FES GS EW B ELMEIEMIE R (P<
0.01), X FRHIT I PEER IR B 2 % 2
My UV-B 4 5 398 5 0 7K R 201 Qs g R 5 1) o

Ziebr, RIS AR CHEE NR. GS 5 GO-

GAT) TE I G
2.5 UV-B & 533 50505 2 102 7= B J A A
EinpAL|

Bt UV-B fa 5 ab P BE 03, A
HASOEEL . TR, TRITE . RS E
B BN FFEBE A R B SXTIRAHIL, UV-B §8
$R5.0 1 7.5 kI/m® B, 1 BV B AT RO
TR TR0 & 3% T & (P<0.05), 2 ~4bF
B 25 AN, HIE 7.5 kI/m® UV-B 5 5T iHA R
FEEL . FERCECRN TR Y R IR R B K, 4
BH 18.1%. 13.4% F1 20.7%, UV-B &8558
H - Esse 3 & TR, H 508 7.5 kI/m’
UV-B i@t 2R ARE . UV-B g S8H
JEI A e B TR, (B RTR] UV-B RS AL B

[10kI/m? @ UV25kl/m*> Il UV S5.0kI/m?> &% UV 7.5kl/m?
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Fig. 3 Effect of enhanced UV-B radiation on the contents of soluble protein and total free amino acids in rice leaves

®1 ARBEEESSRMRNEX SN

Tab. 1 Correlation analysis of nitrogen metabolizing enzyme activities and nitrogen-containing substances

B WY growth stage 47 index

AL PR (17 = contents of soluble protein

S B R IR & & total free amino acids

NRiF P NR activity
GSi% % GS activity
GOGAT/% M GOGAT activity
NRiFE P NR activity
GSi% % GS activity
GOGAT/% M GOGAT activity
NRiFE P NR activity
GSi% % GS activity
GOGAT/i M GOGAT activity

Iy BES]

tillering stage

E/aRR ]

jointing stage

Eiiips et
heading stage

0.460 0.299
0.686* 0.604*
0.370 0.523
0.301 —0.746*
0.823* 0.434
0.747%* 0.378
0.635% 0.260
0.808* 0.936%*
0.790%* 0.485

T e BIROR B3 (P<0.05) FIFL 3 (P<0.0)AHR: n=12;

Note: “*” and “**” indicate significant (P<0.05) and extremely significant (P<0.01) correlation, respectively; n=12; the same as below.
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9536 4%

B 22 5 WA A B K-, 7.5 kI/m® UV-B 4 4t
I RENE IS B T R h 22.8% (36 2). FHIEHESM BT

K AW RS TR, 2R ERD
F (P<0.01) 3 IEAHSE (P<0.05) (% 3).

2 UV-B iEGHEEMKFE~EHFNE (meantSD)
Tab. 2 Effect of enhanced UV-B radiation on the yield of rice

UV-BARI 5 5/(IJ-m ™) AR m™) kL TRBUE /g ZEIH% 7/ (kg hm™)
UV-B radiation intensity ~ effective panicle number (panicle-m™)  grain number per spike 1000-grain weight seed setting rate yield

0 199+40 a 202449 a 24.6£0.5 a 92.4+55a 7044.3+44.21 a
2.5 181£38 ab 193+41 ab 23.840.2 a 87.1+4.6 b 5840.8+16.22 b
5.0 176+45 b 180£27 b 20.9+0.6 b 82.7+4.1 ¢ 5500.9£16.74 b
7.5 163£36 b 17535 b 19.5+0.2 b 82.5+6.8 ¢ 5431.9£16.23 b

W FFIR A REAR R RN 2 7 B3 (P<0.05).

Note: Different letters within a column indicate significant differences among different treatments (P < 0.05).

*3 KETESFEMRERZENEXRY
Tab. 3 Correlation coefficients between yield
components and yield of rice

A RS kAL THIFR — A%RE

e
.% EI;? effective panicle grain number 1 000-grain seed setting
index

number per spike weight rate
7= yield 0.340 0.292 0.759%* 0.637*
3 itig

3.1 UV-B #& 538 55 KR A R AR S b g )
Al

T FRIA B (NR) S AE P B A — 4 NO5~
AL NH, R R, B—Mis SR, [F
Aot R PRl , AN AN LR a0 SR, i L
TEAE W X AR R W R o e 3 O P 1) A
P, WF5E & B NR IGPELE KR A B I N 4 BE
Wk s, HiGMELEER MG KR, bk
BWORE, AT, ARG, 5.0 k/m’
UV-B & 5 4b P8 2375 S /K RS 40 BE 4] NR 15 M3
T, AR B IR R 633.6%. X STEEN . AT
NG T RS SR IE A A, UV-B 8 43
5ot O AR NR 16 P i B s — 7
TR A8 T4 B X NO, 3 5 M, 40 B Py
NO; e 4R, HETMAS NR BT PEd 5 o5 —
J7 I NR e AL, EHIE R Rt
Ah, SEERALE—E R R T AR Y pH (E
J¢ NAD(P)H #y7K~F-, #EMisZm 7 HEY) NR A9
PER, B AR B WIS KR, NR G AR L34
KA T A, TRIAER 5.0 kI/m? UV-B 48 5 40 3
T, KA A NRIGEHRE T, WAL
FHEM UV-B 58 5 AP A 9 NR 6P 5 J57 P
A RESE N UV-B 485 38 5 s i A ) A Y — Le o
YRR, FE R NR 8 A AR R

{BPERRAE I, e AR R R g #A A
R FR a5 SR>, LR PR AT 68 2 AN (R4 4 58
FhXT UV-B Ha 558 B 0 i AN ] o

JK A B WA NH, AT NR 8 )5 NOy fIr
A= B NH KRG R N 2R PR 2 5 2 A
[l Ak A S S R ol R L ke S NHL, ™ SRR 41 s 1ol
BEHED, BRGNS N (GS) 1E IR AR FL
5 TCHUB P OGS, HTE PR3 & A A T
TR AL N R R G2, FLREPERE AR T i 4
Ji P Z R A B IR A2 B E R, B SR
RAIRE W (GOGAT) & B IE G 3 [/ =
HEMEL, GS/GOGAT (i {7 1
JRA REIPY, 5 NR W HE—FE, K52 MR
0BT B 38 PR s BT, AR, o EE
2.5 1 5.0 kJ/m* UV-B $& 558 B2 X K AH GS B P
TCRM, 7E 7.5 kI/m® UV-B 5550 5 i 236 T
KFE GS NG PE, 2T HCT W AR, UV-B
FR SRR GS G PR AL — 2, #
Bl UV-B %5 358 5 B934 in GS il s M e 2 5
NFFE, H7E 5.0 kI/m? UV-B %5 55 B i 35 21 %
Ko Y —ZERE A UV-B 55 5 GE 42 = GS 1
P, JFHBEE A BRI HER , GS TR WY
hn, FRBUXT UV-B 48 5 0438 B A W 38 o
GS i M B A A & 200 A UV-B 48 5 77 5 8%
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