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RE ARG E R ZEREER AR KESR KB KGT, B KW 35 R 55 B B 7 86 B UV-B 851, R T
HPR IR 30.39% (T,) \70.08% (T, ) #175.74% (T, ) 32 ) UV-B 525 MR R F Fp K326 JEAS L6 mm or 40 o A0 40 A LA T AR
TERIREIA . 4550 B/R W55 UV-B 3B SHEHE T K326 TR BEAIZE S M, B 5 R AT, JU LA T, Ab B AR AR (K v e L 2R LAY
(BRI, T K326 R B #EARE T, & T, B8Nk, W55 UV-B 55T K326 ¥ G R (P,) HAEOLEHE (4, ) ERE
HE(T,) 86, HKF R (WUE) BERFIREEE (R, ) EAME S (LCP) RGNS (LSP) 84K, o T, # R, LCP B AKK,
FHAR K HEBEAR T RV TR (AQY) , T, i) LSP B AR P, i, i T5 1 A, LCP 1 AQY B, 1855 UV-B fE 4T/ MAnt M43 %
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BR, SESKEMABRKMEMT N T, &K, 5REW,EYERER UV-B 8 H R K326 E#ERK KT MR SHI
UV-B &5 38 M A EEAEA

KW RS = R UV-B 5851 M5 Y66 FRIE s BN 1

Effects of reduced ultraviolet-B radiation on morphology, photosynthesis and

some other physiological and biochemical characteristics in tobacco

CHEN Zongyu"* , ZHONG Chu', WANG Yi*, JIAN Shaofen', YAN Kan'
gy

1 College of Agronomy and Biotechnology, Yunnan Agricultural University, Kunming, Yunnan 650201, China
2 Technological Centers of Hongta Group, Yuxi, Yunnan 653100, China

Abstract; High quality tobacco producing area of Yunnan Province of China, in which the solar UV-B radiation is
significant higher than low-altitude plains and hills, is mainly distributed between 1000 m and 2000 m above sea level (a.
s. 1. ). UV-B radiation had significant effects on growth, self-protection and secondary metabolism of tobacco ( Nicotiana
tabacum L), and UV-B-exclusion experiment provides a good method for examining the effects of diverse UV-B radiations
from zero to natural ambient level on plant. In order to understand the effects of solar UV-B radiation on morphology, photo-
response characteristics and other physiological and biochemical characteristics in Nicotiana tabacum L. in Yunnan areas
with geographical characteristics of low latitude plateau, tobacco cultivar K326 was selected and planted under 30. 39%
(T,), 70.08% (T,) and 75.74% ('T,) of current UV-B radiations by covering different UV transparent membranes above
canopy in field of Tonghai, Yunnan (1806 m a.s.l. ), and the resulting changes of tobacco upon different reduced UV-B
treatments were further analyzed.

The results showed as follows. Reduced UV-B radiations promoted elongation of internode length and stem length,
increased leaf size and thinned blades. The maximum leaf size, stem girth and internode length were observed in T,, and
development process of K326 gradually accelerated from T, to T,. Under reduced UV-B conditions, net photosynthetic rate

(P,), maximum net photosynthetic rate (A,, ) and transpiration rate (7T.) increased, while water utilizing efficiency

max
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(WUE), dark respiration rate (R,), light compensation point ( LCP) and light saturation point ( LSP) reduced.
Comparison of the three reduced UV-B radiation treatments, the lowest R; and LCP were observed in T,, in which the
apparent quantum yield (AQY) was greatly reduced as well. LSP in T, was far below the other treatments, while A, , LCP
and AQY were the highest in T, among the three treatments. Reduced UV-B radiations increased chlorophyll concentration,
leaf fresh weight water content and natural water saturation deficit, but reduced carotenoid, specific leaf mass (SLM)
water content per unit of leaf area and flavonoid contents. In the three reduced UV-B treatments, the maximum point of
malonaldehyde (MDA) content in tobacco K326 was found in T, and the maximum points of leaf fresh weight water content
and natural water saturation deficit were found in T,.

These results suggested that a certain intensity range of UV-B radiation would be favorable for development and
increasing the adaptability to UV-B radiation of tobacco cultivar K326. And cultivar K326 has a strong ability to adapt the
current high intensity of solar UV-B radiation in Tonghai through morphological and physiological changes, such as

photosynthetic characteristics, defense mechanism and leaf water state etc.

Key Words: low-latitudinal plateau; UV-B radiation; Nicotiana tabacum L. ; photosynthetic characteristics; adaptability

ZE MRS B F X, R R E EE R REM X 2 —, FIK 2000 m £e 47, S 5ME ST R H BEEIK
BRI B AR . SRSRE AR K Z7E 1000—2000 m X Ja], B RTRSE A R4 B R i X
W RS E R R RS EREDY . ATRAGE IR UV-B S5 a gz M
KE MEMBBSERED EEERER BRI T R UV-B 43 5 X0 2R 2558 Bk A5, B AT
TRRE5E D o JRES UV-B 585 R iRH B SR EF8E A FH UV-B 85 AR TT B AR 1 A W 2 R 4R AL T —
BlgmrE . RIS B UV-B 4B ST A AR 45 R R B, MR H X UV-B 48 5 s b B b st
TERTHA TAERSEAE b, A BT 52 76 75 1 50 160 M 4R 00 M [X 2 — FRSE 18 L (94K 1806 m) |, DK P oA A 2 ol
K326, 3 3zt A 25 RS [ R B 55 K B UV-B 4B 5T, #E— 4R T UV-B 85T K326 AR K & B, U
Fe K326 T2 B 15 A 0 B 45tk J2 B0 43 AR B0 A AL A X UV-B 3RS IOIERE P . 45 S IR IR S R R
HiIX UV-B S 7EMIBE A K & & P EOFE T, PR AR B UV-B 48 55 50 4 2@ B MRt — & BB IRAE
1 #REFE
1.1 R AR L s

I LT Z A P, A TARZ 102°30725"—102°52'53", 645 23°65'11"—24°14'49" , b SRR AL,
WEF, B PR EEREARRERNSE, FRE/NMERBEEME R, WEKHEBEERKE(5—S
AN EEZ X T, % BT 5 TR 63. 7% , 5B J4EM 2009 4E 5—8 A FESMHBEE
ZPWERFE 1, RILEE N E T B TR o BE EL R PG LT 10 km B PUEEEHEAT , #9K 1806 m, RE
M S, 2 IR 138 pH {H 6. 26 , G ALK 21. 03 g/kg, BRARA 229. 0 mg/ kg, A 96. 5 mg/kg, HAEL
1 67.2 mg/kg,

1.2 pR 53

DAt 30 R O M B 5 b K326 ik B bok) , (A AT, YR B, 2009 4E 4 A 30 HOKH R, FiiE %
16500 #/hm®, IRHHE 3 MEH UV-B 58 S 403, TRAR)E 45 d, £F K326 i ARE K )30 B 047 KM 78 A b
M, FAHEERK 20 m, 555 m, TERE 2.2 m, KL ZE 1.5 m R FRM, B rdb s . AR R4
P38 XA 1 B R/ A B A R/ INS A 25 5, 45 AT AR P A 1 m LA 785 B 78 25 S ) B R L)
BUAWAE, HAPALHE 1(T,) B 55 B (Mylar, SDI, USA) , Ab 38 2 (T, ) FIARHE 3 (T,) 435178 5 A [ B 1 3R
I B AT, o] ORI FE B HuJs 55 UV-B $a 5. &M, &M WAEKRE 2 TE A UV-B 585158 B 245
AN B SRFFEE T 9 30.39% (T,) \70.08% (T,) 1 75.74% (T, ) , L RRIRIE B1d RN 81% +2% ,7EMIGIRTER
FET B RIE# KR ASZEN Y o DL EARIRE T IE % 4K 19 K326 HIBRAE 9 HIWs 55 UV-B 55 5 kb B8 00
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Table 1 Main climatic factors from May to August of previous years and 2009 in tobacco field of Tonghai County
R[] At TSR R = H HR 5L
Tiem Month Average temperature /°C Rainfall/mm Sunshine hours/h
J4E Previous years 5 19.9 84.0 224.9
6 19.9 127.5 144.0
7 20.0 161.7 150.0
8 19.3 183.2 150.6
i 19.8 138.9 167.4
2009 5 19.7 43.0 220.0
6 20.7 229.0 143.0
7 19.9 115.0 151.0
8 20.3 106.0 164.0
Sy 20.2 123.3 169.5
1.3 WxEDH My
1.3.1 K UV-B AR5 % i
A EATRSE KB UV-B S (mW /o) AT 2]
HORI . R TR B LA K I60 2000 465 1 18 25 050
P4, 8K 11:30—12.30 fEZSh kA7, B8 H26  E 3 o0
FIEESR (1) o DL R I [ 7 Radiometer S 5hE £ £ 0%
S (P REVEEE 295—395 nm, LK 312 nm) , ELE F 0422
oM
05 S HE, AR HHEFYE, AR KRR z 8§ 58§ %5 %8828
BTN SIS #0544 HE G UV-B 4R -c ° OEE:D to ST T
<0 Y =k Y ) 7 ate
DGR FE (Ix, SR A L g 32 8 2 BN ER ) 4 7 1 ZDS-
10 2 B gh & 72 fREETH ) Bt (%), LL 9:30— E1 RIHE AR UV-B B4R H T4

16:0045 0. Sh I 5E [ 4% A0 BRI P3 AR AR TR A4 S AH B

Fig. 1 Changes of solar UV-B radiation during experiment day
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Fig. 2 Diurnal changes of solar UV-B radiation and illumination in sunny days
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ETFH) RHEHREL THEA B SEREERE (%) .

[l B, A AL B FEHLE BOR AR M MR 10 BREFATR Z AR IE , BfE 25 (5 REMLE 2 ERK R
ZEPZER) ZEE (7 A ARG RR) IRIESE 7 AR 985, SR EERE TR HECHE
RRZHRIAA L) (YC/T 142—1998) HH4 AL, B AR (em®) = B x 158 x 0. 6345, &-MIREX 10
BRAE R 2 )7 1
1.3.3 Stmpiphsk

403 20 d J5 , Ff K326 #EABE IR, B 7 7 (NN RBO B0 BRI E XS 4, T 2009 48
7 H4—9 HEX9:00—16:00 (#FF 12:00—14:00 LHHE K “ - HE" BB ) , SR A Li-6400 {8 #5500 &0 X (LI-
COR,USA) , ZEFFHUSBE F @A ER G thk . Mg R, it IR BE N 25°C , SR K& 500 wmol/s,
PAR | Li-6400-02B LED 15 YRR AL, 5 B 86 i 1800,1600,1400,1200,1000,800,400,200,100,50,20,0
pmol-m ~*s ™" 5 A S5 7E 1200—1800 pumol - m ~*s ™' YT B Y B M AN IR AT VS T, B R U BRI E )
JEHRIE P R R AR, AL P S E 3 bk, BCF3ME
1.3.4 AFALIER

BOl s t-a Ve AR Fr a0 A ST REAS , FIRIR AR & & M SE 0 =, -l OB R ZEEI N B,
Her B A K & BRI T o

(1) BB RANE: oK OB (AR5 1:1) BR- AR, @i 663 nm,646 nm Hl 470 nm ALKOG(E
HHEMGE a.b MW E bRBERSR

C. =12.21 x A =2. 81 X Agyg
C,=20.13 x Ay —5.03 X Ay
C,=(1000 xA,, -3.27 xC, -104 x C;) /229

HEERETE(my/dm’) = (ARKE x R IBHRBEER) /MR EH

K, Ages Agss T Ao 73 BB BA T IRBOR I BOBIE, C, .C, 1 C 3 1 R SRBOR P 48K a b FIZEHI B
MRWE (mg/L)

(2) 253 WK ] Nogues 251 py ik, REVEM3h . FRATFLAR B — 2 IR M -, BYREG LA 10 mL %08 ik
b A 5 mL BRAL B B T ( EhR: AR = 1:99)  ZEMRIE (4°C ) BEE th a4 24 h, IS m AL B 300
nm Zb R RIS A R (Asp/em”)

(3) NEE (MDA) & BERFARR B L 2 MR b k™

MDA ¥ BE (umol/L) =6.45 x (Asy — Ay ) /(0. 155 X L) =0. 65 x Aygy
MDA & & (nmol/em®) = ($ZEUAH MDA ¥R EE x FRBEAEH x V) /i R

T, Agay Agoo Auso 73 F AR A T B EAE ;0. 155 2 MDA £ 532 nm 4K T [ pumol JEIEREGV
FAR R ERAATR (ml) 5 L 24 A MEE (em) ; R = SHRBURIAT + RBBIAR.

(4) MK 43 S BRI E M348 2 B8 Barrs 7l Weatherleyd ™) f) 7555 -

TR E 7K & (mg/em®) = (W, - W,) /I TE
BEEEKE(% ) = (W, - W,) x100/W;
HARKIEFIT (%) = (W, - W;) x100/ (W, - W,)
- (mg/em®) = W,/ R

K, W, W W, 53 3 R BK A FIE (mg) | B AR B E (mg) I TE (mg) .
1.4 HEabs

Bt A B A B i 2R T Broadley %51 ) Jy ik EAT AR AR B2 Rk R «

P o=A, x(I-1,)/(K,+(I-1,)) (1)
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A AR EEE HER, 1 H PAR BB K, 1/2 A, B PAR, I, WM & (LCP, pmol -m ™
s7)o M 1=08,P 5 FREFIGERE(R,, pmlCO;ym s ™) ;24 I<200 pwmol-m s A, Bk P, FEI AL,
STRAME ST B T, A3 R LR T3 (AQY, mol/mol) ', /KAMFIFIAR (WUE) = ¥ d diz
(P,)/ZEBEHER(T,) o BIECE" N, HABHMBER L A, MBI A (LSP, wmol-m s ™) B, %
BB (78 £1) % B G iE. AHEIE, 7B P3AB] 75% A, ) PAR SRAGTHGMA A, A (1)
=X, 15

LSP =3 xK_+1, (2)

BB B4R 4 Microsoft Excel 2003 Zb3H , £k RN ER R R T 22 A S A 3 ) 22 e 1k B (LSD % ) 33 7E
SPSS Statistics 17. 0 3Bk oo 34T, Sama B th e ISFBIEFER . P, - PAR fhZ i flfR/ N 22V 05 R LG
HEVIEEA,,. =25,1,, =40,K, =400, ¥4 4, <30,1,,, <50,K, <800,
2 ZR55H
2.1 35y UV-B 5B SR IE S RHE R 00
2.1.1 REFFHEFHE okBE B FFE

13 KB, W55 UV-B 585100 0 T K326 4 T o
B, T, T, R, T, S Mg , T, FF L2 80
IR T, A BT sg , WA R T, WRA TR, I8
55 UV-B 58 5 4L 3 b, B UV-B 48 558 & #39 fin, K326
PEE LSRR BB NP
2.1.2 REHIR 0 -

HIH S 3T 25 A5 5 32 38 UV-B 48 5 10 1146 LB Treatment
2 W, bHEEERZIERIFEREER. §CK B3 T VB RS K26 f
*E Hﬁ ’Tl—%%‘—Fﬁ%( P <0.01 ) ﬁﬁ T2 ﬂ] T3%%‘i§ﬂl] ( P> Fig. 3 Comparison of growing process of K326 under different
0.05) , 7855 UV-B f@ 4B, B UV-B 3851458, 22X/ Uv.B radiations
BTG . W55 UV-B 48 S &R BG T A5 R BE (P <
0.01) ,JLLA T, RIfER K, 5 T, M T, Z 7 B3 (P <0.05) . T,ZE[E% CK FFrig k(P >0.05) , 1 T, F1 T, 1
B, HH T, 5 CK 2R B#E(P<0.05),5 T, 27K BE(P<0.01),

s UV-B FE5TALHEfS , K326 BB IS (P <0.01) , T, 71 T, M- FE At AR M R, 5 CK 2R B 3%
(P <0.01), Ty UV-B @A B Z AR 2ZEF A B3, T, - FE MM mAR B ZE KT T, (P <0.01) I T,(P <
0.05), B& T, 5, HARALFEM K 58 HEERMETE i K FEH (2. 2—2.5) ER . T, KFELEEKR
THEALLE(P <0.05) , BLERAKA UV-B 485 GBI AR & 422 1k, B BB K B %

2 UV-BE5x K326 REMREHNG
Table 2 Effects of UV-B radiation on agronomical characteristics of K326

60

40

L5l Percentage/%

20

s %o BME/m  EH/em /em Wh/em  EBVen MK/
Treatment Stem length Internodes space Stem girth Leaf length Leaf width Leaf area Leaf length/width

CK 77.75 Aa 3.61 Be 8.05 ABa 59.20 Bb 25.50 Cb 811.72 Cb 2.33 ABb
T, 60.40 Bb 4.80 Ab 7.31 Bb 65.04 Aa 25.69 BCb 893.06 BCb 2.55 Aa
T, 84.55 Aa 5.48 Aa 8.30 Aa 66.65 Aa 29.15 Aa 1059.65 Aa 2.29 Bb
T, 86.90 Aa 4.97 Ab 7.86 ABab 66.60 Aa 28.30 ABa 1019.38 ABa 2.37 ABb

I FF R NE TR SRR B TE « =0.01 il @ =0.05 EXRREH

2.1.3 kHE

LM TR (SIM) Jo e T RIS B B E R RE A1 o W858 UV-B 3B STE , MM SLM Hi BUA R BE ReA1%
(E4), 5 CK A, T, T, f T, SLM 2B T 15. 16% (P <0.05) \13.90% (P <0.05) Fl 14.47% (P <
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5804 £ x ¥ W 30 &
0.05) ,fHA&JETH UV-B (E5TAI > M2 R A BE, 350 - Aa
2.2 WSS UV-B AESTAIIG A 1R FIX i oL c30F A Ab Ab I
2.2.1 SIRSHSHS IR0 L s [T t
B S St B (P,) R PAR BOWIRELA R SERIE § G 2001

W SRBMER LR, BRI L WAL SE F£3, B T

STLAR I USSR o, B R ]

RU(R)$9%0.998 5 0.999 WA LBR BBBAF IR~ &

Wt P YEARIR] PAR F IR AHE . T [ CK
Bl 5 []Edtu B, ZE(% PAR( <100 pmol+m™*s™")

T, A AR 2 2= A K, PAR SRS 58 AT, 22 788 B4 UV-BiE5H% K326 bLi B

Wi, W55 UV-B 5850 /5  Mlnt P 3R &, UL T, 38 S &
DB, T T, R TN RN T CK 5 T, Z 6], 3B
55— 1) UV-B 58 50H F T4 K326 1§ P,

BE PAR ¥§5% , M 2R (T,) B EF,{H CK
7£ PAR=1200 wmol-m s '}, T JLF-BAH %k, K6
A LAE W55 UV-B $8 5 5 I B3 m T M i T, 8
55 UV-B 48 5403 H] 25 5 A K, PAR =800 pumol +m >
s B, T, A0 B T8

Ik FIFHZR(WUE) 22—k 8 B e A =k (8
FEFUKIMEFEZ A LBl R 474647 . BEE PAR 5RBEHE
I, B WUE 455855838, 78 PAR 7 400—800 jumol -
m s T A EOKAE, BEJS PAR 350, WUE 2248 T 1% ([
7)o 24 PAR >100 pwmol-m > s~ ' i}, J 55 UV-B %854k
) WUE 38 8K F CK, %9855 UV-B f8 41 4L 3 WUE
ZRAKR BT, ) WUE B 5,

10.00
= 8.00
g = 600
2 400
g [ &
E; 2.00 :
ot | | | 1 | | | | |
0 200 400 600 800 1000 1200 1400 1600 1800
PAR/(umol-m2.s71)
B 6 JERFRBSEERS PAR BN R
Fig.6 Responses of transpiration rate (T, ) of K326 leaf to PAR

2.2.2 StmaRLHEARHMES R

Fig.4 Effects of UV-B radiation on specific leaf mass ( SLM)
of K326

PR NG PR MR AL BRI 7E P <0.01 Fil P <0.05
bERBE

30.00 -

¢ T n T,
2500 4T x CK
2 20,00
M7
2 = 1500
o3
§ E 1000
T 500

200 400 600 800 10001200 1400 1600 1800

=5.00 PAR/(umol- m2.s7h)

B5 JEM %S EES PAR KN R
Fig.5 [Response of net photosynthetic rate (P, ) of K326 leaf
to PAR

i@E :Tl \T2 \T3 *ﬂ CK I%iw:‘lz‘ﬂﬁ ,Tl ! \T2 ! \T3 ’%u CKI%&M%

——T; —a—T,

200 400 600 800 1000 1200 1400 1600 1800

K53 A

WUE/(umol/mmol)

PAR/(umol- m2.s7h)

B7 M@k F ARESS PAR HNE R
Fig.7 Responses of water use efficiency ( WUE) of K326 leaf to

PAR

BRENEHEE (A,,) N PAR TR KB EFRIGEGHEIE, K3 JUEFEL, CK 1 4,0 27. 61
pmolCO,m s ™" )5 55 UV-B #8515, T,—T, AR E T A, 3. 95% .0.80% F1 5. 12% , Y BAREAR UV-B &5+
fiff K326 7ERmOEIR T ROEEW BRI K, RAN T, > T, > T,
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8055 UV-B Fa AL 38 s B B R T K326 MMl (LCP) , &AL 38 LCP K/NFFH CK> T, > T, > T, ,
BPBE UV-B 558 B S5 T T %, AR RE UV-B 58 BE B 55 , X8 REXT 55 00 i 38 B BB 3 . AL38E SBAf Fi s
(LSP) WA, T, 1 T, i) LSP ¥7E 1600 pwmol-m s ' DA b, 5 CK 4B 1669. 73 pmol-m s ™' 2ZEFAR K, T
T, A7 1274.73 pmol-m s ™' "FEHAE . J855 UV-B & 5 (AR HE I IR 2 2R (R, ) £ A AR IR, T,
MTHRIET T o SR MEFRE(AQY) BLE C,HE Y)Y IE# FEH (0. 03—0. 07 pmolCO,/ pmol St
F)WNo T AQY x5, 0. 0585 wmolCO,/ wmol Y67, I CK 1 5.22% , T,4bFE 0. 0553 wmolCO,/ umol St
T, CKAK 0.54% 1M T, ) AQY FEAIKEA S, b CK I 15.29% , i [n) 1E % ¥ B 9 T B
2.3 55 UV-B 5@ 510 2B B AN —EE 5

IR ZAEYA N, UV-B 38 5 S BUBR Y IR Z —, BBA St R P %52 UV-B ST E. W
(MDA) B THI7E 58 T MR E R B, REE R E E N etz —. B 8 KB, FiE UV-B 18538
BRI, RS A TG LA T, AR EWEERMK, T,MT,5 CKE2REBE(P<0.05),MT,5
CK ZRAWE, W5 UV-B LA ZRARE WS ENRE UV-B fEHE LA E TR, RN T, &%
=i CK &k, T, 5 T, .T,M CK 25 8% (P<0.01),

3 A[E UV-B 5 0B IEM S0 A i 2 T EHFESH
Table 3 Main parameters of light response curve in tobacco leaf treated with different UV-B radiations

L ( umolCO, * Leps LSp/ ( pmolCO, * ( wmolCO,/mol R?
Treatments W 2 (pmol-m~2%s~1) (wmol-m~2s71) - 2
m2s1) m2s1) HF)
CK 27.61 29.51 1 669.73 1.58 0.0556 0.998
T, 28.70 16.77 1622.61 0.93 0.0473 0.999
T, 27.83 19.44 1274.73 1.36 0.0553 0.999
T, 29.10 22.42 1617.49 1.28 0.0585 0.999
40 — 16 -
— A
T O3St Aa 14} .
S 5 Aab | C:_E) 12 R
2 B -1 = B Bb Bb
WS 5| [ Ab L Mg o Bb T
@E ..... ... ..... @8 ) .l.
g | < | BN
ﬁ@ 2 %&E ’ SRS
Kz Propo kg o
g 10 [.:.: <QL‘ 4
z =
= N 2F
. . L CLTL L. 0 . . LT .. L.
T, T, Ts CK T, T, Ts CK
KAbFE Treatment AbFH Treatment

B8 UV-BiEH* K326 XEMM A _ES B0
Fig.8 Effects of UV-B radiation on flavonoid and MDA contents of K326
T B R NE PR 3R R AL B 4E P <0.01 fil P<0.05 F25 03

2.4 W5 UV-BiREDOLE AR S BAZEM

KA ERBEYIITOCEERNESEYREEM, W5 UV-B s, A SESTES CKRAERE
EZR HAHGERETHSE ab BN SESE, HKE UV-B 18 5 58 5 [ i, 4% o AR H /0 K
PSR E b WS LFHEREAL, 76 LA T AR KB (%K 4) . B SRFEA G 543 b ARl KR, 4
RN T RHE MRS R, SOHEEHE PRSRE CK>T,~T,>T,,CK 5 T, 25 8% (P <0.05),T,—T,
W2 RIZFARE,

SbFE %o R R A A /N, 4R a/b LB AE T I, (HARTE 2. 76—2. 80, b3 A 25 R AN 32, TRk
55 UV-B fESTAL 3R & T 4R /2858 PR HLE(P <0.01),
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#*4 UV-BFHF K326 HEER . LWE MRAIERILENPMN
Table 4 Effects of UV-B radiation on chlorophyll and carotenoid contents and their ratios of K326

fham 4R a MR D R KT b= Chl a/b Chl/Car
Treaments Chlorophyll a Chlorophyll b Total Chlorophyll Carotenoid Ratio of Chl a Ratio of
/(mg/dm?) /(mg/dm?) /(mg/dm?) /(mg/dm?) and Chl b Chl and Car
CK 2.25 Aa 0.80 Aa 3.06 Aa 0.57 Aa 2.80 Aa 5.36 Bb
T, 2.49 Aa 0.84 Aa 3.19 Aa 0.53 Aab 2.78 Aa 6.02 Aa
T, 2.46 Aa 0.87 Aa 3.25 Aa 0.53 Aab 2.76 Aa 6.16 Aa
T, 2.35 Aa 0.83 Aa 3.15 Aa 0.51 Ab 2.78 Aa 6.21 Aa

1 :Chl, B 4% ;Chl a, 483 a;Chl b, M43 by Car, 8% M3 FFIHFR NEFREARRE S HIZRALBRELE P <0.01 1 P <0.05 12
SR

2.5 55 UV-B g% 7K 2 52

WE 9 Bz, AFEALFENT R RS K B, WX e 55 /K B/ B RK M= s/, 5
UV-B &4, - F A S KB TR, U T, M IER K, 5 CK 2R 8% (P<0.05), T,M T,5 CK ZRAE
%085 UV-B @t b 2 M E R WA B, IAELEZENFEH#ESKEMER KBNS EE BEE
5, BEE K ERAE 84.87%—85.91% , SR /K M5 7E 23.44% —26.62% , B EHE S/KEM BRKSERT
A4k —3, LA CK i, T 5 i o

2.00 Aa
o Aab
2 Aab =
§O 1.60 |- I = [
mmé (- -
%% 120 | [
41‘5[ g -
B 3080 B
E 5 A
< L ",
= 040 BE
§ -0
< 9
T, T CK
§ 350
87.0 Aa 3300 Aa
o Q Aa
< 860 | 22501 % "]':' ag
i 2 g £ S R
25 850 § £200 1 [
4 5 281500 [
L § 84.0 |- g; 5 e
&2 o S 100 |
S 8301 = R
o) § 50
T2 T3 Tz T3
KbBE Treatment AbFE Treatment

B9 UV-B RS K326 ft 7k & RSB R0
Fig.9 Effects of UV-B radiation on leaf water state of K326
T B R NE PR 3R R AL B 4E P <0.01 fil P<0.05 F25 03

3 g

UV-B i@ R B R o Xt K326 A B AR IR 45 AR I, T, AR A AR R R I, T
HEATMRS T HEAIE IS, B UV-B 5855 3458, &5 SR BN, T, A0 30 5 ) 25 1= Fi 22
WD BV, UV-B faN7EMEAEKEA T P EAEENREER, BAGRER UV-B 85 85 T HE
MIEH RE, THE Y E R E KN UV-B B T EEENER A KEE, S Yao 4% %) #k #1553 ( Fagopyrum
tataricum ) BF 5T 45 AR

HP R MR AR, T R, AN R, EA R E, BEAERKE T AR Z
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mi, B X 3R UV-B fRE A RGER ™ o R8P T, A T, K326 F9Z555 1 EIBE R AP, 1A FE A
TRt B B K, BRI 25% —30% 245 1 UV-B 48 S ot 0 B A K A B30 SO R o [N 38 T DA
(F2) 78 T, FHEM K/ B AR A ZE BB 39 1 B 25k i Kl , R AZE I — & B UV-B R VS Y, fAE—
AN A B A K AR T R R (D) o

i UV-B AR GI/KF T, Mt i 28 IR AN S 8 b RS B m, 7T DA U8 UV-B 38 5T sl e il Z W RE &,
BRIERR N S 0 B R, SRS H NS S R RER . CK AR S B A
HE NREEWEEE TS UV-B B0, T MDA & E2154K, £H AR E TR BB TE AP L
il , M R GG ER /DN XFE 3 N85S UV-B 85T 0 FERT AR B (B 8 fik 4) 78 T f T, 5040, RE M F
REMMEHE PR FTEHB,(H MDA FE WA . MR, 7 T,AHT,HHREMAMEHE PRSTER
1%, MDA SR EER THEAE, HElHFEE, TaERE T T, 40T, 23 UV-B 555 b
N ERR AT EMMEHE N RS ERATY . T,NRRE, o fB7E 8L UV-B 5@ &4, St
AL RS 32 Bt S BB E AR ET A E M ZEWAPERE R, Mg fe0E
HIMA TS, ERUHT , K UV-B B HFEE UV-B 5855 T K326 5 E — R P Z RIAAAEZER

7E3% UV-B 3851 T REL A B Rt R X UV-B B —F@E R > o X% T, 44T K326 ¥t
BAHEBEK,CK 5/N, T,/ T, FHEAKE, SHERSENZS (B 5 Mk 4), 38 UV-BEFTHEY
AT AR R &2, WX IR IR, DA 6 & 3 AR ks /D 13 R RE & B XA YL & P 1
Bilo e— %t S B R IE S BT R (3 3) , BAR CK ) A, B85 UV-B 485 AL BN, {H I
LCP LSP R, AQY Y555 , A B0 I3 s B RE ) FOG RE A R =R, LS i R, T3 A 4 7 4747 VE R
OV EE W IR 9B T, B R 1018 R IR BEE SRR BE R . AHELZ R, T, A0 T, LCP #FAL T L7 B A A )
LCP(20—40 wmol-m s~ ") LIF, T, ) R, M1 AQY ¥4b F B ARAH, T, B4R R, AQY B ,{B LSP & fik, — &%t
S AR S R I8 L RE ST ERESE o T, WU BT FR) i 7 P 2% 2 B v , R B H X B B AR R L R AT o

WUE [ K/NZ B T st AP 3R g BERE 1% o k36 P CK 1 WUE 5, W1 8.8 T &5 UV-B 4§
SHAbEE, RTABTR BT AN BTR ) UV-B 585X WUE MR RS, — SR8, R T K326 %
SRR SRR ANE R RE T o WUE [R/ N RE T [ 5 57K 2 T AB FOAE A EL A5, B P55 TR/ iR
I & A OGS HAAHZE A K, T CK (28 16 3 3 40 B B K F 49855 UV-B b3, WUE B B & FHEL
W, RTESNR R RIE UV-B 55T, K326 R EREMAR 25 M s Rk = WUE, (B R4 B ] WUE 255K,
ULEAZER K UV-B R 5458 BEYE BBl A, 3k 55 UV-B FaSTXT K326 7K 43I A 3 B A R .

M F K AMRZS SR &R AR BRI I AR R B M UM o6 . FERANAE Y BRgc R W, 33 UV-B 4R
ARG RS EESKE, MARE S, K326 it 56 E S/KE 585 UV-B B8 E 2IEL AL, 7 T,
ZFT K326 M @ SK BAI R (B9) o HAKMEM T A LS FR & K B B s HAp &k &
ZHEME R BRK MBS A KUK T B U™ E , % 14T BB A Hi LB A 47K BE T 3R 55 .
CK M- 5 B TR AR S /K B RVBR ) A SR /K M AN T 32 B, % 45 T MR M X 2k 2 i 5 SR B, TRt A 7k BE
LB , AT LA M - RS TR A7 0 38 B A SRR AR S EREE . IR K B B A B, B T AR 3 v 4 B ik A
A] LA B R UV-B AR ST X A A SUR 40 I R A 5, b 2 BRI A Ty A5 B Stk 2 R g 0>,
IR BE SR, T, K A& B, (AR RE T B2, T, 45 T, AR B, R0k B8 1 U7 Bl .

it BT 3 2R R B UV-B 48 SRR 2 i A K AR B A B, IR At T 4 v A
Xt UV-B f@SFHERIE o 05 AT 38 5 ik A8 TE A5 AR AE L 6 B 45 1 Bl AL A AR 7K 20 IR B0 25 2 o o 08
UV-B fE 5158 B MR, RIS T, T A0 K326 %5 T, A1 T, A3 T ARk %t UV-B 48 5 )35 17 B8 158 , (HL X
HEEA AR UV-B 45 5 o 1 10 Bl A < ¥4 7 o — 2B BT

References :

[1] ZhouP, Chen Z Y. Analysis of the spatial-temporal characteristics of UV-B strength change over the Yunnan Plateau. Journal of Natural

hitp : //www. ecologica. cn



5808 = R S 30 &

(2]

[3]
[4]

[5]

[6]

[7]

(8]

(9]

[10]

[11]
[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Resources, 2008, 23(3) :487-493.

Wang S'Y, Lu H, Yang J. Effects of different plant altitude on chemical composition of flue-cured tobacco in Qujing districts. Southwest China
Journal of Agricultural Sciences, 2007, 20(1) ; 45-48.

Li H X. Effects of altitude on chemical composition of Guizhou flue-cured tobacco. Ecology and Environment, 2008, 17(3) : 1170-1172.

Liu M, Li R G, Fan H, Du G C. Effects of enhanced UV-B radiation on photosynthetic pigments and some enzymes in tobacco. Acta Botanica
Boreali-Occidentalia Sinica, 2007, 27(2) ; 291-296.

Huang Y, Zhou ] H, Zheng M, Yang H Q, Zhang N Y. Effect of UV-B on growth and development and secondary metabolism of flue-cured
tobacco. Chinese Journal of Eco-Agriculture, 2009, 17(1) ; 140-144.

Kadur G, Swapan B, Sunita K, Sanjeev Y, Arjun T, Sanjay B, Abhinav R, Mohanty P. Growth enhancement of soybean ( Glycine max) upon
exclusion of UV-B and UV-B/A components of solar radiation: characterization of photosynthetic parameters in leaves. Photosynthesis Research,
2007, 94: 299-306.

Ji P, Zhang D G, Chen Z Y, Dong C W H, Zhong C. Response of photosynthetic gas exchange parameters of the leaves of flue-cured tobacco on
the attenuated UV-B radiation intensity. Acta Botanica Boreali-Occidentalia Sinica, 2009, 29(7) ; 1437-1444.

Zhong C, Chen Z Y, Wang Y, Liu Y Z. Effects of attenuated UV-B radiation on morphological characteristics of tobacco vegetative stage in low
latitude and high elevation region. Chinese Journal of Agrometeorology, 2010, 31(1) ; 83-87.

Dong C W H, ChenZ Y, Ji P, Zhong C. Effects of attenuated UV-B radiation on dynamic changes of photosynthetic pigment contents in flue-cured
tobacco under natural conditions. Journal of Wuhan Botanical Research, 2009, 27(6) ; 637-642.

Liu G S, Qiao X R, Wang F, Yang C, Guo Q Y, Yun F. Effects of light intensity on photosynthetic capabilities, growth and quality of flue-cured
tobacco. Acta Botanica Boreali-Occidentalia Sinica, 2007, 27(9) : 1833-1837.

Zou Q. Laboratory Manual of Plant Physiology and Biochemistry. Beijing: China Agriculture Press, 1995 :36-39.

Nogués S, Allen D J, Morison J I L, Baker N R. Uliraviolet-B radiation effects on water relations, leaf development, and photosynthesis in
droughted pea plants. Plant Physiology, 1998, 117 173-181.

Hilal M, Rodriguuez-Montelongo L, Rosa M, Gallardo M, Gonz lez J A, Interdonato R, Rapisarda V A, Prado F E. Solar and supplemental UV-
B radiation effects in lemon peel UV-B-absorbing compound content-seasonal variation. Photochemistry and Photobiology, 2008, 84 . 1480-1486.
Barra H D, Weatherlry P E. A re-examination of the relation turgidity technique for estimation water deficit in leaves. Australian Journal of Botany
Science, 1962, 15 413-428.

Broadley M R, Escobar-Gutiérrez A J, Burns A, Bums I G. Nitrogen-limited growth of lettuce is associated with lower stomatal conductance. New
Phytologist, 2001, 152 97-106.

Huo C F, Sun H L, Wang Z Q, Fan Z Q, Zhao X M. Effects of light intensity and nitrogen supply on photosynthetic characters of Fraxinus
mandshurica seedlings. Chinese Journal Ecology, 2008, 27(8) ; 1255-1261.

Qian L W, Zhang S X, Yang Z J, Han Z G. Comparison of different light response models for photosynthesis. Journal of Wuhan Botanical
Research, 2009, 27(2) :197-203.

Rosati A, Esparza G, Dejong T M, Pearcy R. Influence of canopy light environment and nitrogen availability on leaf photosynthetics and
photosynthetic nitrogen-use efficiency of field-grown nectarine trees. Tree Physiology, 1999, 19. 173-180.

Reddy K R, Kakani V G, Zhao D, Koti S, Gao W. Interactive effects of ultraviolet-B radiation and temperature on cotton physiology, growth,
development and hyperspectral reflectance. Photochemistry and Photobiology, 2004, 79(5) ; 416-427.

Yao Y, Xuan Z, Li Y, He Y, Korpelainen H, Li C. Effects of uliraviolet-B radiation on crop growth, development, yield and leaf pigment
concentration of tartary buckwheat ( Fagopyrum tataricum) under field conditions. European Journal of Agronomy, 2006, 25: 215-222.
Zuk-Golaszewska K, Upadhyaya M K, Golaszewski J. The effect of UV-B radiation on plant growth and development. Plant Soil Environment,
2003, 49(3) : 135-140.

Kakani V G, Reddy K R, Zhao D, Mohammed A R. Effects of ultraviolet-B radiation on cotton ( Gossypium hirsutum L.) morphology and
anatomy. Annals of Botany, 2003, 91(7) :817-826.

Awad M A, Wagenmakers P S, Jager A. Effects of light on flavonoid and chlorogenic acid levels in the skin of ¢ Jonagold’ apples. Scientia
Horticulturae, 2001, 88 289-298.

Carletti P, Masi A, Wonisch A, Grill D, Tausz M, Ferretti M. Changes in antioxidant and pigment pool dimensions in UV-B irradiated maize
seedlings. Environmental and Experimental Botany, 2003, 50 149-157.

Hou F J, Ben GY, Yan J Y, Han F, Shi S B, Wei J. Effects of supplemental ultraviolet (UV) radiation on the growth and photosynthesis of
soybean growing in the field. Acta Phytoecologica Sinica, 1998, 22(3) ; 256-261.

Shangguan Z P, Zheng S X. Plant Water Physioecology and Climatic Environment Change in Loess Plateau. Beijing: Science and Technology

hitp : //www. ecologica. cn



21 8 Wross 5508055 UV-B BETHARILAS Db S BA AR PR R M 5809

Press, 2008 ; 24.

[27] Yin C, Zhou Q. Effects of supplementary UV-B stress on the water content in soybean seedling leaves. Journal of Safety and Environment, 2009,
9(1): 1-3.

[28] DingY, Li DL, Wei Q S, Zhao M. Water physio-ecological characteristics of Chilopsis linearis under different soil water conditions. Journal of
Northwest Forestry University, 2008, 23(3) ; 5-11.

SE 30

(1] J¥, BREHL. = m e R AN S o B R 2 RHE AT AT, B AR BRI, 2008, 23(3) :487-493.

[2] FEiME, Fa, B AFEFRER R X ih s X I 22 R4 2. YRRk 244k, 2007, 20(1) : 45-48.

[3] Z=uthh. Wk BT S AL B IR, A28 3A8%, 2008, 17(3) : 1170-1172.

[4] X, 2385, {ug, M. UV-B S RRDEE GREMIUFERRZN. VU2, 2007, 27(2) : 291-296.

[5] 5, F3M, B8, Hink, K550, UV-B XPERA KL S RRARERE . o EESRLAER, 2009, 17(1) : 140-144.

(7] 2208, EE, PRSH, HPRSCE, S BM R e A R H S BRI UV-B 48 53R . VEJUAY 2, 2009, 29(7):
1437-1444.

[ 8] #pdE, BRESHL, T8, XE. KRR UV-B B RERERIIESERGZm. hERLSSL, 2010, 31(1) ; 83-87.

(9] FBRCHE, MRk, @M5, 4028, ARSI UV-B G B A GRS RNEN. RIVEYSIIFT, 2009, 27(6) : 637-642.

[10] XEN, FeRoR, 35, i, BWHEH, =I5 S6IRRE B EEA fetk B A KM E R . FEdumy s, 2007, 27(9):
1833-1837.

[11] 4p%. MYAERAATER S, b P ER R, 1995:36-39.

[16] EHE, NG, TBUAL, WE®E, SR SLRMAERKMME ARSI m. 47522, 2008, 27(8) : 1255-1261.

[17] R3ESC, HE, A, ERNL JURDGE VR e Ny S AR Y LA o, RDUEYIF# 5T, 2009, 27(2) ; 197-203.

[25] R, BOEEDE, BUR X, Bk, Vi, ZU5E. HEMEINE (UV) S5 R G4 M A KB A /E M. MY LR, 1998,
22(3): 256-261.

[26] LEREY, BRE ELEEEYKSEBEESSSEFREL. 0 BeEsiAR AR, 200824

[27] F4E4, JAT. UV-B ARG HEKRMEN. Z258%%4H, 2009, 9(1) : 1-3.

[28] T4k, Zf94, RIRKS:, BB, AR 8K A T YUK S A BA R RRAE.  PEAUARSE B4, 2008, 23(3) : 5-11.

hitp : //www. ecologica. cn



2008 £ AW FR BW 5 SRR E F /710 ZH T
(16F 2009 4EAR CSTPCD i)

e A

e A ouma ol ston | One 1T Joumal inpat fr
1 EFER 8956 1 EEER 1. 669
2 N FAE SR 7979 2 TEERFR 1.656
3 YA RF M 3742 3 N SR 1.632
4 FEAbAE Y= R 3584 4 Yt 1.474
s JOURNAL OF INTEGRATIVE 3460 5 ERFLE 1.276

PLANT BIOLOGY 6 HIYI2L B R 1.058

6 T AR B 5E T 3187 7 T2 4R 1.046
7 IR 3148 YRS FEY%
Y 2142 s 24 1034
9 HEYAEBS S FEY¥FHR 1855 9 BEER 0.887
10 B HmZE#R 1580 10 1B 0.835

* (AR 2008 AETERLL AR 1868 FRH A TIHEFF H B 95 35k 8956 I, £ EHE B E 2; EmE T
1.669, & EHAERSE 14555 1 ~8 JmiEsk 8 SF AR E A AR FAAMT; A ER &SR

HEMEME: fLaie PATHRE: XIRE B &

$£30% F218 (2010411 A)

(SHENGTAI XUEBAO)
(GEAT 1981 4 3 HAIH))

ACTA ECOLOGICA SINICA
('Semimonthly , Started in 1981)

Vol.30 No.21 2010

E= ] 3B (AESEWR) HEES Edited by Editorial board of
Hidik U IE X AUE BE 18 5 ACTA ECOLOGICA SINICA
IS % : 100085 Add: 18, Shuangqing Street, Haidian, Beijing 100085 , China
Hii : (010) 62941099 Tel ; (010)62941099
www. ecologica. cn www. ecologica. en
shengtaixuebao@ rcees. ac. cn .
+ B omeks Shengtaixuebao@ rcees. ac. cn
T = EF'EEI\ B2 p R L Editor-in-chief FENG Zong-Wei
* ; i E ﬁiiiﬁ %E Supervised by China Association for Science and Technology
o E R 22 p A ARSI L Sponsored by Ecological Society of China
ok LRI R SO 18 & Research Center for Eco-environmental Sciences, CAS
H]Biﬂ[gﬁﬁg .100085 Add 18, Shuangqing Street, Haidian , Beijing 100085 , China
H R 4+ & 2 X it Published by Science Press
Hidik b A EBARILE 16 & Add:16 Donghuangchenggen North Street,
MR B 2R B 100717 Beijing 100717 ,China
ER R AeEACARER R Printed by Beijing Bei Lin Printing House,
£ T4 & & K i Beijing 100083 , China VA S—
Hihk R EAR LA 16 5 Distributed by Science Press 2 N—
BRI RS : 100717 Add ;16 Donghuangchenggen North o
Eﬁ 31(910)2142)34563 Street, Beijing 100717 , China L ==°
-mail : journal@ cspg. net Tel; (010)64034563 o =——=m
Y = : — O\
) ,m?- é@%ﬂﬂﬂ]ﬁa = E-mail ; journal @ cspg. net S — O
B &7 FEEREEASEBAF Domesti A1l Local Post Officen in Chi =——o
HhhE jt:‘?’: 399 1%—%@ mestic ost Otffices in China 5 8
R B 2R HS . 100044 Foreign China International Book Trading o =:
FrEsE o Corporation H =~
W A CVELEFA 803 S Add:P. 0. Box 399 Beijing 100044, China o
ISSN 1000-0933 4= - —— —
N T AN 0 ERMAFELT EWEREKS 82-7 EsEITHS M670 Ef 70.00 5T

CN 11-2031/Q



	21.jpg
	21ml.pdf
	a91.pdf
	a92.pdf
	a93.pdf
	a94.pdf
	a95.pdf
	a96.pdf
	a97.pdf
	a98.pdf
	a99.pdf
	a100.pdf
	a101.pdf
	21fd.pdf

