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Abstract; Due to stratospheric ozone depletion, increase of solar UV-B reaching the surface of the earth was one of the most
important environment problems in the worldwide scope. Elevated solar UV-B radiation exerted effects on plant through
actions on photosynthetic system , protein, DNA, membrane system and phytohormone. The responses of plant physioecology
and growth to ultraviolet radiation enhancement got more and more attention in the scientific community. Three treatments,
including an exclusive UV-B radiation group, an ambient UV-B radiation group and a supplementary UV-B radiation group
were set up for the field experiment of Parakmeria lotungensi, Cyclobalanopsis glauca and Carya cathayensis seedlings

originating from different time. The growth and photosynthetic parameters of three tree seedlings were measured under
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different solar UV-B radiation conditions. Furthermore, the response of three tree seedlings originating from different time to
UV-B radiation stress were studied through comparing the difference of traits among the interspecies and groups. At last,
the relationship between the adaptation capability and origin time of three tree seedlings was analyzed. It would provide the
experiment reference data for the scientific proposition whether the characteristics of growth and photosynthetic physiology of
more early evolutionary terrestrial plant groups should be well adapted to a high UV-B radiation condition. The results
indicated; (1) The height and diameter of three tree seedlings were impacted under the supplementary UV-B radiation, P,
and 4,
compare with the ambient UV-B radiation group ( CK). The diameter of three tree seedlings were inhibited under the

. of Parakmeria lotungensi and Cyclobalanopsis glauca were inhibited while Carya cathayensis was promoted to
exclusive UV-B radiation; only the height of Carya cathayensis was decreased while Parakmeria lotungensi and
Cyclobalanopsis glauca were promoted; P, and A, of Parakmeria lotungensi and Carya cathayensis were decreased, while
Cyclobalanopsis glauca was promoted. (2) The results of inter-specific difference revealed that the diameter of
Cyclobalanopsis glauca was increment and it was the biggest among three tree seedlings under three lighting conditions,
followed were Parakmeria lotungensi and Carya cathayensis; the height increment of species order was not consistent;
Compared with the ambient UV-B radiation group, the ratios of P, and A, of Carya cathayensis under the supplementary
UV-B radiation were the biggest among three tree seedlings, followed were Cyclobalanopsis glauca and Parakmeria
lotungensi ; the ratios of P, and A, of Cyclobalanopsis glauca under the exclusive UV-B radiation group were the biggest,
followed were Parakmeria lotungensi and Carya cathayensis. It manifested that original time might have some influence on
the resistance to UV-B radiation stress, but the evolutionary was not the determining factor. The exclusive UV-B radiation
group and the supplementary UV-B radiation group had an influence on the parameters of growth, photosynthetic activity
and chlorophyll for three tree seedlings, but there were different patterns of three tree seedlings originating from different
time. It is necessary to study the mechanisms by conducting more experiments in the future. The reported results would
enrich and complement the response of woody species to UV-B radiation stress, as well as provide information for selecting

plant with strong resistance ability to UV-B radiation stress.

Key Words: UV-B radiation stress; ligneous plants; growth increment; photosynthetic characteristic; evolution
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1 The difference value of the same tree seedling height and diameter under three lighting conditions( mean + SE)
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Fig. 2 The difference value of height and diameter in three tree seedlings under the same lighting condition( mean + SE)
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SRR AR 2 70 5 A AR /N T 300umol -m s ' X [B] P, 3 41 [B] ¥t A LR AH 228 K5 MO AL
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F1 FA—RAHBEERRAREGTHXSIERESBE(CTEHMHE + FRfERE)
Table 1 Photosynthetic parameters of the same tree seedling under three lighting conditions ( mean + SE)

RREOLEEE  HobiER AL Jalal CO, ¥epE SALBRAIE

fifj:ies Trﬂ:t}rint A/ P ¢/ 4 Ls M‘gfh}ﬁjﬁ-ﬁggﬁ
(mmol*m~2s71') (wmol'm~2s~') (mmol'm~2s~')  (mmol-mol~") %
SRR AR 22 Ty 13.63 £0.56b 10.30 +0.59%a 0.16 +0.01b  272.67 +11.62a  0.33 £0.02b 57.82+1.3b
P. lotungensi T, 18.00 +0.36a 11.20 +0.38a 0.21 £0.01a 269.33 +1.76a 0.31 +0.01b 62.91 +1.12a
T, 12.23 +0.27b 8.59 +0.25b 0.11 £0.01¢ 217.00 +9.54b 0.42 +0.03a 60.21 +1.31ab
HX Ty 19.07 +1.05a 12.93 +0.80a 0.31 +0.00a  285.67 +4.81ab  0.26 +0.01a 39.68 +0.71a
C. glauca T, 18.13 +1.36a 12.73 +1.43a 0.33 £0.02a 302.33 £5.84a 0.24 £0.02a 39.92 +0.57a
T, 15.70 £0.40a 11.50 +£0.40a 0.26 +0.02b 278.33 +7.26b 0.27 £0.02a 38.58 +0.64a
1Lk To 4.65 +0.38¢ 4.14 £0.29¢ 0.04 £0.00c  253.67 £10.59b  0.44 +0.02a 36.89 +0.6a
C. cathayensis T, 7.70 +0.18b 6.16 +0.12b 0.12 +0.01b 291.00 +5.69a 0.27 +0.01b 33.55 +0.45b
T, 9.66 £0.22a 7.57 £0.21a 0.14 £0.01a 274.00 +1.73ab 0.29 +0.004b 32.60 +0.45b

FhEAE N A VE R E S 8 (E The data are photosynthetic parameters above table; 4b B Treament; i K ¥t 6& H K (A, ) Maximum net
photosynthetic rate ;3453 (P,) Net photosynthetic rate ;.5 & (G, ) Stomatal conductance ; Jif[d] CO, ¥ ¥ (C;) Intercellular CO, concentration ;
SFLBRHIE(L,) Stomatal limitation value; -4t AT & (chl(a +b) ) Chlorophyll (a+b) concentration

( 1)%*?&$'ﬁ*é% AmaJl T, 5 T, \Tzﬁﬁ‘E%,Migu/J\ﬂﬂ T, >T, >T,;P,.C, \LJX Tz—‘::i T, T, =5
B3, KNEF 20 T, > Ty >T, T, >T, >T,.T, >T, >T, ;6,3 HRIFEREEZES, NKREI/NRT, >T, >
T,;chl(a+b) U T, 5 T FEREZER , MNKRBVNAT, >T, >Tyo #HXFTF T, 4 UV-B F& 5T, 3450 5 BRI 58 B
St RARPUBNEAR 22 A, F PR —ERMHIMEA, T,41 P,fHR 11.20 molCO»m *s ™' T, 41 P, {H N 10.3
mol-m ~*s ™" T,2H P, {65 8.59 mol -ms™" T, F1 T, % T, Jek /> & 43 5 K 8. 04% F1 23. 30% , Farquhar FI
Sharkey** I\ 51 A 3 AR 9 B R4 o KL AR AL BR A I8, €, 1AL A S FLBR A AR <AL IR
Xt PR/ N EEIERZ —, R SILR SR 2 P, PR EE R R, 4 P TR HERE C PR
[FIBT AT ansR PR P 22 AR SFLBR 38 B H , BB P, T RER RIS AERE C. 1 1T, BT C, (KK
COLYREE ) 2 AL T ARARES , X FP AL H XS C 3 U , R L, b C, ] DA BE Y b S AR AR IR W CO, /3
AL, FEAER AT P, BRI B R R BIBEAT R A o SR, M T B ROEH UV-B &M T, SRR BIA
PEAR 22 7E3G 3 SRR 55 SR BERT , G, F R, LI K, U6 R T 4R T, 41 P, W TR E 22 B ILIRHIE A&,

(2) BXH ApeePo L5 chl(a +b) 78 3 HEZEFARE, KADHEF LR T, >T, >T,.T, >T, >T,.T, >
Ty >T, A T, >T, >T,;6AX T, 5 T, T, 27 BF , ARBVNA T, >T, >T,;CAL T, 5 T, 27 B3, AKX/
KT >T,>T,, MXTFHRNKMETH UV-B 58S, AR R BEXT FH X4 A, P A RIEIER, R Z%F
A, FIPAE—EWMEIER. T,4H P AEH 12.93 mol-m s~ | T, 4 P, {5 12.73 molCO,ym *s ™" | T, 2 P, {H N
11.50 molCO,;m s ™" T %% Ty Wi/b 1.55% , T, 5% T, 4008/ 9.66% , 5 T, ZHAHLL, T, 401 G4 K, L g/, 1568
T4 P38 T4 P/NFERBAFILRHIEAG I ; 5 T, A5, UV-B 585458 B3GR, G/, LG K, HHH
T4/ P3¢ T\ 4 P/NEERSILIRHIERG IR,

(3) ILAZBRE A, P G, 3 HEIZER B, NKBINRT, > T, > Ty;CAUT, 5§ T, ZRBE, AKBI/NY
T, > T, > Ty;L,chl(a +b) X T, 5 T, \T,ZFBE, K/DHEFZHNHR T, > T,> T, T,>T, >T,, X FHA
JEAAF T I UV-B 85T, 386 58 HOR BEXT IL ARSI B A, A P AIRHEERT, RZ W M A, 1 P,o T4 P,
{EJ4.14 mol-m *s™' T4 P {5} 6.16 mol-m *s ™' | T,ZH P {5 H 7.57 mol-m *s ™" T 4% T, Jk/> 32.79% , T,
BT,/ 18.63% . 5 T, 440G, UV-B $8 558 BEEWSS B, G380/, L3 K, UiB T 4 P, /N E 2 B AL
FREERSE; 5 T,HMEEH, T, 48 G/, LN, B T, 4 P, 3% T, /N FERIESILRFIEATIE.

2 i F—LREG T AFMFLE A ERIESEUE, T, HIEEWEE KT, RARMBHEAR 2 F
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MIFNLAZBE S Ay oG, LA chl(a +b) FpEFFER EVEZESR, A, P, G KENER T K > KRR
PEAR 22 > AL, LK BN ILEHE > SRARUBEAAR 2 > F X, chl(a +b) WREV/NRARUBIEARZ > F
X > bk ;3 Mg CAplRlIZE R A B  WREIN T R > SRR AR > Ik,

T H B ROLIRRAT  ARAR MR 2 F ALK A P AL SRR LR EAR 2 (M 22 57
B3, NKBNER T K > IRARIEPEA 22 > 1Ak 5 6, (chl(a + b) FHEAAAE BEEZE S, WK BN 50
P> SRR PR 22 > IBE AR AR LB EAR 22 > I > Ik ; C, L AURRIUBAMEAR 2 557 X L ILiZpk2
SR, NKRBV/N 0T K > AL > SRAREPEAR 2 SRR 2 > Ik > F .

T, AR RT3 DB A, AP EZR B ANREVNETE X > IRARIURAAR 2 > IHEHE; P, .G,
U MG IRARUBREAR 2 (UM B8, WRE I K > SRR EAPEAR 22 > Ik e X > 1
Bk > IRARMUBNEAR 25 € LAURR AR ZFHF X LBk ER B E , AREVMIHIAE R > sk > &
ARIUBIEAR 2 IRARIIEPEAR 2 > 1Ak > F X153 W FI 4 # ) chl(a +b) R A7 7E B E PR 2R, AR EN /D
RPN 2 > 7 X > k.

®2 FE—AXREGETEMMOYHORSHESBECTFHME + FrkRE)
Table 2 Photosynthetic parameters of three tree seedlings under the same lighting condition (mean + SE)

N ,%~ 5 N »%‘ > = EEJ,I'ETJCO W‘Ug
W ﬁk?fif:/ AR ?%iﬁp /ﬁ$ -\%«‘?"‘E c./2 ’—’x.?LLFE/‘rE'J{E W AR B

Treatment  species chl(a+b)

(mmol'm~2s7!)  (mmol-m~2s7!) (mmol'm~2s7!)  (mmol-mol~!) %

. 2
Ty AR LA 2 13.63 +0.56b 10.30 +0.59b 0.16 +0.01b  272.67 £11.62a  0.33 £0.02b 57.82 +1.30a

P. lotungensi
HMX C. glauca 19.07 +1.05a 12.93 +0. 80a 0.31 +0.00a 285.67 +4.81a 0.26 +0.01¢ 39.68 +0.71b

kel . 4.65 +0.38c 4.14 +0.29¢ 0.04 £0.00c  253.67 +10.59a  0.44 +0.02a 36.89 +0.60c
C. cathayensis

T, Ek;ﬁ}uﬁ,ﬁ*: 18.00 +0.36a 11.20 +0.38a 0.21 +0.01b 269.33 +1.76b 0.31 +0.01a 62.91 +1.12a
P. lotungensi
HMX C. glauca 18.13 +1.36a 12.73 £1.43a 0.33 +0.02a 302.33 +5.84a 0.24 +0.02b 39.92 +0.57b
Lk . 7.70 £0.18b 6.16 +0.12b 0.12 +0.01¢ 291.00 +5.69a 0.27 +0.01b 33.55 +0.45¢
C. cathayensis

T, %;EM$‘E*: 12.23 £0.27b 8.59 +0.25b 0.11 +0.01b 217.00 +9.54b 0.42 +0.03a 60.21 +1.31a
P. lotungensi
HMX C. glauca 15.70 £0.40a 11.50 +0.40a 0.26 +0.02a 278.33 £7.26a 0.27 +0.02b 38.58 £0.64b
kel . 9.66 +0.22¢ 7.57 +0.21b 0.14 +0.01b 274.00 £1.73a 0.29 +0.00b 32.60 £0.45¢
C. cathayensis

FHBAR NS VE R IE S B ; 4P Treament; fix K& )6 i % ( Amax) Maximum net photosynthetic rate; ¥ Y645 42 (Pn ) Net
photosynthetic rate ;L. (Gs) Stomatal conductance; Jifi[i] CO2 ¥& B (Ci) Intercellular CO2 concentration ; “<, L PR | {8 ( Ls) Stomatal limitation
value ; H4¢Z %15 & (chl(a+b) ) Chlorophyll (a+b) concentration

2.4 3 FRFRGIE R OB SRS BN AR R T

TG BRI R G, C, L, chl(a+b) IRIRESEIAESHFHEERANSER™ , 3 4
3 ML AL ERHME EESBIMRIE T4 R PS5 CEREBEIEMR, 5 CEABREEMR, 5
LEABZEGMRNE ;65 CEAREEMRK, 5 LERFENMRK;C,5 LERBE MK P, L5 chl(a +
b) EARBEIEMK,C,.C.5 chl(a +b) BABE MK,

P, 5 CEMBEIEMR, REERWEOL & @A AL T ERA R BRI ER, RIZEA T H A 41 E
AT BRI FEAF] T 4L & B SFL S BEUN Y TR BER I SILE R R A1 i £ 2
WER™, P LEARBEAARERIAIAR LRSILE F 0 3 Lyt & EH, LR R i
Mo P,5 chl(a+b) EAIRHARE , M SRS EARZWE LG ERFHMKRAN EZER, UV-B R4
8T EOEEE R TR ALR M AR TR F R EZEA, A R ESRME K, £ 548 F UV-B 455
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Table 3 Correlation analysis of leaf photosynthetic parameters in three tree seedlings
SH I HOt A R KALTBE Jala] CO, Y SALRR I E AR &
JH ltem P,/(mmol'm~2s~') G/(mmol'm~?s~') ¢,/(mmol+-mol ') L/ % chl(a+b)
‘{%)"ﬁ:ﬁiﬁ%l’n/(mmobm_zs_l) 1.00
S FEE G,/ (mmolem2s71) 0.94** 1.00
JilE] CO, ¥ C,/ (mmol-mol ~1) 0.39 0.61 1.00
SFLBRHIME L,/ % -0.63 -0.78* -0.88** 1.00
-4 ZAXT & & chl(a+b) 0.29 -0.04 -0.52 0.36 1.00

* % TR o =0.01 K TFAHISEHER BE CURBKE) 5 * FR o =0. 05 KP T AR R B35 OB KE)

K

UV-B %% 5T 38 X A8 ) B0 5 0 B 2 AR B AR ) A K B0 (EECR A 0 2R K IR M B b 2. UV-B 48 5
hE R AR TSE o ABF R R AR IR B A A B AR A KO I BB, PR B (DAY T A
SRR 358 UV-B FR 5158 B AR AR P AR 22 W AKX ISk R A K 2 2 — e R sl , X 5
7 el B 0 T M BF 5T 45 SR — 305 s 0 3 M R bk AR K R RE B MRIVE T, X 5 SR 4 R —
(), Teramura I Hopkins § H UV-B X FHIY A= K BRI FE R F 2 7] B 2iE AR Wy A0 KB BE, T e 5 4
By 7E A KA %, L AR R O A A o BB 5 (2) M T ARG IR A, U UV-B 4E
SERBEAN R AR LA 2 T X | LA AR A K AR B — R R BE B B 7 s o AR AR A B R 22 5 X 4 vk
B A KA IEHEE R, X 5 Ballare 530 & Fi B FIBFI 45 R —B s % LLMb 4 e bk s A KA LA b, X 5
BN TR R4 R —3 7

SeAVE S E KL B RIAED . MY HEEE B PR KEOEAER A, KK/
HRAYOEA ERIBE RS BB . BRI R (1) M T BRI, 358 UV-B 48 558 5 5t R
ARIVBNEAR 2 75X P, A, JBF—E B HIE , XA Yao Z3¢ F F ALK Skorska 254 F 2B /NE ST
BRARET 5%k Ik P, A, B E]— 2 R SRR D, X AN ZE 4 A% B LA K% Shi 280 KB 3 JBRAE L HOBT
FRLERAMMLTT . (2) MR T B AREIB S, IR ES UV-B 48 5138 B SRR LA 22 | Ik P, A, A2 3
—ERIIMHIE L, T R PRI A, AR S —E R 34 Al o Ballare 2554 F & FE % LA K Nogues 254t Fi &
WFFE 45 R R BB UV-B 48 558 B X BRI A& R B om0 AR B v #5443 AL 2205 UV-
B 44 T 51 AR RIW R , 3X AT BE o BT FE i fhost 4 22 v AISC I 4 (4 UV-B AT IR S 1) K 48 )
A K B B ) R Rl B

M 3 B T R B A B A IR 22 55 3R 3 A T UV-B 485 8 038 Rk 5 B PR Ak i 1] )
KR, ERKEBWFREIR: (1)3 4DOEBAHT, HF RN EE KRR, RARMBMHEAR 2K Z, ILEZEHkER
/o MR AR R B AR A S0 T UV-B 45 555 o 38038 7 RE 7 A A 1B 8% A B 00T, LUk A & 5 7 R
VR[] B T AR AR B AR 22 HAE KB AR, 5§ ERBIR A A (2) IRAPIBAMEAR S 35 KANLRA R
kR 2R B, M A KB R/ MEF AR E , A KRS 3 Y s E AR AR, FE R
RETE T30 AL B8 F) B (B A X 8048 , R AR A K B T UV-B 8 5T e B AR R AN 5 o™ 7, T BLAAR
YT UV-B 5858 B S BURFE RS TR B A Y™ . FIn, SS56 40 Bt R 28 Z 00, SCik
13 HFE & BT 2 50k 5286 UV-B 43 5136 i B BURESS TR B sk Rz . Hit, A4S ETFEK
I Z WA UV-B 3RS IE S28 , DI — S HF5E A K Bt UV-B 4 S b6 0 57 5 25 AL 18] B 567 o

A BE ST TR 55 R W b 10 18 A A R R IR T AR K B 25 5, 2 AT AR o 40 i 4 A K 047 53 1 9 58 A 3
PRI TSR 3 ARG T, LR T, 4169 P, A, 5 T, LRI HAE, ATRAR I (1) AHXTT T, 4 B REI &4, T,
MR UV-B FR SR T LM P, A, B AR K, 7 RIIR 2, SRAR IR R 22 55 /0N, 26 B AN ) YL Bt 340
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i 3 PRI LTS T UV-B SRS 8 AR RE 73R 55 OO 0 - Lwk > 3 X > SRARIRIEAR 2, (2) HIX T
T, HARICIRERM, T, 419855 UV-B ARGTIREL T H X P, A, 8 EUEER SR, RARUBIEAR 20, Ik
B/, R R IR 3 FAE 40 X T UV-B 48 55 il B3R e 38 55 00T - F X > ARAR PR AR
= > k. MR TR EIBR B ARA Y X T UV-B 48 55 bl 88 L B8 1 85 f BB BE AT, 353 UV-B 48
SERBET 3 FEY WA RLAAT & 5 9855 UV-B FRETIREET , (LB Bk IR i 18] B R A TT 1 9 55 , (B 75 XS U R
FRARUBMEAR S KA UV-B Fa5 008 BB 20808, Bk ARG R, Bk, fER 3R 0855 UV-B 58 5¢
a3 AR IS B RS AR [ A SR R A

£5 1, UV-B @ 5358 AL SRRk a5 b X 3 B A AR KR | DL a R SR IA R (B4 R R
i 3 PR 4 B 9 A2 R ROt & FRE S B RS R — LA FrR AT o
Boigh: A R ERMEES A K% TAE , Rt Bubt

References:

[1] LY, Yue M. Ultraviolet Radiation Ecology. Beijing: Chinese Environmental Science Press, 2000 1-141.

[2] ScottoJ, Cotton G, Urbach F, Berger D, Fears T. Biologically effective ultraviolet radiation: Surface measurements in the United States, 1974 to
1985. Science, 1988, 239(4841) : 762-764.

[ 3] Shindell DT, Rind D, Lonergan P. Increased polar stratospheric ozone losses and delayed eventual recovery owing to increasing greenhouse gas
concentrations. Nature, 1998, 392 (6676) ; 589-592.

[4] Mckenzie R L, Aucamp P J, Bais A F, Bjom L O, Ilyas M. Changes in biologically-active ultraviolet radiation reaching the earth’s surface.
Photochemical and Photobiological Science, 2007, 6(3) : 218-231.

[ 5] Ballare C L, Rousseaux M C, Searles P S, Zaller ] G, Giordano C V, Robson T M, Caldwell M M, Sala O E, Scopel A L. Impacts of solar
ultraviolet-B radiation on terrestrial ecosystems of Tierra del Fuego ( southern Argentina) — An overview of recent progress. Journal of
Photochemistry and Photobiology B: Biology, 2001, 62(1) : 67-77.

[ 6] Staplet A E. Ultraviolet radiation and plants: Buming questions. The Plant Cell, 1992, 4(11) ; 1353-1358.

[7] Caldwell M M, Flint S D. Implications of increased solar UV-B for terrestrial vegetation// Chanin M L ed. The Role of the Stratosphere in Global
Change. Heidelberg: Springer-Verlag, 1993 495-516.

[ 8] Jiang G M. Review on some hot topics towards the researches in the field of plant physioecology. Acta Phytoecologica Sinica, 2001, 25(5) : 514-
519.

[9] Zheng Y F, Wu R J. Ultraviolet Radiation Change and Crop Response. Beijing: China Meteorologcial Press, 2009 1-218.

[10] Van TK, Garrard L A, West S H. Effects of UV-B radiation on net photosynthesis of some crop plants. Crop Science, 1976, 16(5) : 715-718.

[11] Kakani V G, Reddy K R, Zhao D. Field crop responses to ultraviolet-B radiation: A review. Agricultural and Forest Meteorology, 2003, 120(1) :
191-218.

[12] Liu A Q, Ma X Q. The effect of enhanced Ultraviolet-B radiation on xylophyte. Chinese Journal of Eco-Agriculture, 2004,12(4) ; 36-39.

[13] Sullivan J H. Possible impacts of changes in UV-B radiation on North American trees and forests. Environmental Pollution, 2005, 137(3) : 380-
389.

[14] Ballare C L, Bams P W, Kendrik R E. Photomorphogenic effects of UV-B radiation on hypocotyls elongation in wild type and stable-phytochrome-
deficient mutant seedlings of cucumber. Physiologia Plantarum, 1992, 83 (4) : 652-658.

[15] Willekens H, Vancamp W, Vanmontagu M, Inze D, Langebartels C, Sandermann H. Ozone, sulfur dioxide and ultraviolet-B have similar effects
on mRNA accumulation of antioxidant genes in Nicotiana plumbaginifolia L. Plant Physiology, 1994, 106(3) : 1007-1014.

[16] Graham L E, Kaneko Y. Origin of Land Plants. New York: Wiley and Sons, 1993 1-50.

[17] Margulis L, Walker J C G,Rambler M. Reassessment of roles of oxygen and ultraviolet light in Precambrian evolution. Nature, 1976, 264 (5587) .
620-624.

[18] Robinson J M. Lignin, land plants, and fungi: Biological evolution affecting Phanerozoic oxygen balance. Geology, 1990, 15(7) :607-610.

[19] Rozema J, Bjom L O, Bomman J F, Gaberscik A, Hader D P, Trost T, Germ M, Klisch M, Groniger A, Sinha R P, Lebert M, He Y Y,
Buffoni-Hall R, de Bakker N V J, Van de Staaij J, Meijkamp B B. The role of UV-B radiation in aquatic and terrestrial ecosystems-an experimental
and functional analysis of the evolution of UV-absorbing compounds. Journal of Photochemistry and Photobiology B: Biology, 2002, 66(1) : 2-12.

[20] Laposi R, Veres S, Lakatos G, Olah V, Fieldsend A, Meszaros 1. Responses of leaf traits of European beech ( Fagus sylvatica L. ) saplings to
supplemental UV-B radiation and UV-B exclusion. Agricultural and Forest Meteorology, 2009, 149(5) ; 745-755.

http ://www. ecologica. cn



2008 g & ¥ ik 30 &

[21]

[22]

(23]
[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

Liu Y H, Xia N H, Yang H Q. The origin, evolution and phytogeography of Magnoliaceae. Journal of Tropical and Subtropical Botany, 1995, 3
(4):1-12.

Jiang ¥ W, Jiang H, Li W, Yu S Q, Zeng B, Wang Y H. Photosynthetic and physiological characteristics of three angiosperms of different
evolutionary ages under acid rain stress. Chinese Journal of Plant Ecology, 2009, 33(1) . 125-133.

Zhou Z K. Fossils of the Fagaceae and their implications in systematics and biogeography. Acta Phytotaxonomica Sinica, 1999, 37(4) . 369-385.
Liu H, Yu S Q, Jiang H, Fang J B. Chlorophyll fluorescence of Carya cathayensis with simulated acid rain. Journal of Zhengjiang Forestry
College, 2009, 26(1) : 32-37.

Zhao Y L. On the classification, distribution and systematic evolution of Juglandaceae in the Contiguous areas of human, Guangxi and Guizhou.
Natural Science Journal of the Graduates, Sunyatsen University, 1995, 16(1) ; 1-9.

Ballare C L, Stapleton A E, Yanovsky M J, Scopel A L. Soar ultraviolet-B radiation affects seedling emergence, DNA integrity, plant morphology,
growth rate, and attractiveness to herbivore insects in Datura ferox. Plant Physiology, 1996, 112(1): 161-170.

Dong M, Li HT, Liao Y C, Liang T, Lu C F. Influences of reduced UV-B radiation on growth and endogenesis hormone contents of rice ( Oryza
sativa L. ) under field conditions. Chinese Journal of Eco-Agriculture, 2006, 14(3) : 122-125.

Albritton D L, Watson R J. Scientific assessment of stratospheric ozone change 1989 // World Meteorological Organization Global Ozone Research
and Monitoring Project, Report No. 20. Geneva: WMO, 1990.

Xu D Q. Photosynthetic Efficiency. Shanghai: Shanghai Scientific and Technical Publishers. 2002 192.

Farquhar G D, Sharkey T D. Stomatal conductance and photosynthesis. Annual Review of Plant Physiology, 1982, 33 317-345.

Yu Y W. Studies on physiological mechanisms of photosynthesis of strawberry response to water deficit. Hangzhou: Zhejiang University, 2003.
Shao X W, Han M, Han Z M, Kong W W, Liu H D, Yang L M. Study on diurnal variation of photosynthesis and environmental factors in
Scutellaria baicalensis. Journal of Jilin Agricultral University, 2006, 28(6) ; 634-638.

Wong S C, Cowan I R, Farquhar G D. Stomatal conductance correlates with photosynthetic capacity. Nature, 1979, 282(5737) : 424-426.

Xu D Q. Some problems in stomatal limitation analysis of photosynthesis. Plant Physiology Communications, 1997, 33(4) ; 241-244.

Cai X A, Peng S L, Xia H P. Growth and photosynthetic responses of different successional tree species in low subtropics to enhanced UV-B
radiation in the field. Acta Scientiarum Naturalium Universitatis Sunyatseni, 2007, 46(2) : 72-76.

Zuo Y Y, Liu Q, Lin P, He H. Physiological responses of 2-years-old Acer davidii seedlings to short-term enhanced UV-B radiation. Chinese
Journal of Applied Ecology, 2005, 16(9) : 1682-1686.

Yao X Q,Liu Q. Changes in morphological, photosynthetic and physiological responses of Mono Maple seedlings to enhanced UV-B and to nitrogen
addition. Plant Growth Regulation, 2006, 50(2) ; 165-177.

Skorska E, Szwarc W. Influence of UV-B radiation on young triticale plants with different wax cover. Biologia Plantarum, 2007, 51(1) ; 189-192.
Teramua A H. Effects of ultraviolet-B radiation on the growth and yield of crop plants. Physiology Plant, 1983, 58(3) : 415-427.

Hopkins L, Bond M A, Tobin A K. Effects of UV-B on the development and ultrastructure of the primary leaf of wheat ( Triticum aestivum ).
Journal of Experimental Botany, 1996, 47(S) : 20-29.

Liu Q J, Sun X C, Hu C X, Tan Q L. Growth and photosynthesis characteristics of wheat ( Triticum aestivum L. ) under arsenic stress condition.
Acta Ecologica Sinica, 2009, 29(2) : 854-859.

Liu Y, Luo N S, Zhong Z C, Zhou Y H, Zhang P Y. Effects of enhanced ultraviolet-B (UV-B) radiation on diurnal variations of photosynthesis
and water use efficiency in Trichosanthes kirilowii Maxim. Journal of Southwest Agricultural University, 2003, 25(5) ; 377-381.

Shi S B, Zhu WY, Li HM, Zhou D W, Han F, Zhao X Q, Tang Y H. Photosynthesis of Saussurea superba and Gentiana straminea is not reduced
after long-term enhancement of UV-B radiation. Environmental and Experimental Botany, 2004, 51(1) ; 75-83.

Nogues S, Allen D J, Morison J I L, Baker N R. Ultraviolet-B radiation effects on water relations, leaf development and photosynthesis in
droughted pea plants. Plant Physiology, 1998, 117(1); 173-181.

Teramura A H, Ziska L H, Ester S A. Changes in growth and photosynthetic capacity rice and increased UV-B radiation. Physiologia Plantarum,
1991, 83(3) : 373-380.

Caldwell M M, Teramura A H, Tevini M, Bornman J F, Bjomn L O, Kulandaivelu G. Effects of increased solar UV radiation on terrestrial plants.
Ambio, 1995, 24(3), 166-173.

Sullivan J H, Teramura A H. The effects of ultraviolet-B radiation on loblolly pine. 2. Growth of field-grown seedlings. Trees, 1992, 6(3) : 115-
120.

Hui H X, Xu X, Li Q R. Exogenous betaine improves photosynthesis of Lycium barbarumunder salt stress. Acta Botanica Boreal-Occidentalia
Sinica, 2003,23(12) :2137-2422.

http ://www. ecologica. cn



83 B 4F.UV-BIEHNINE T AFRERN S 3 FARREYLE KA K ZO6E Rk 2009

SEHK:

[ 1] Zn, E9. BOMESAESY. dUat. PEEMNEREH R, 2000 1-141.

(8] #miBl. LRIRYIAE BRI LR . YRR ,2001,25(5) « 514-519.

(9] MHEC,RFE. FIMRHAM BN R, Joat. LB REE, 2009 1-218.

[12] XIZZF, DHK. UV-B FRMHEEAARAMYRERT FE . b E AR, 2004, 12(4) : 36-39.

[(21] XEdE, &M, HEK. A 2P (Magnoliaceae) HIFR IR EALFIBII TG, B WY, 1995, 3(4) : 1-12.

(22] WRERY, VUL, 2580, WA, B, EHLL. REIRDIRIINIEK 3 Fhe TR TR T A 0 L 8K O A A BRAE B HRE. A AE AR, 2009,
33(1):125-133.

(23] JAUTEL. FE-bBHKHLB s BIL R G B2A 5. RIS 844, 1999, 37(4) : 369-385.

[(24] IR, /M4, 03t Jricpr. BB Bk SR TS E SRR AR I, WiVLAkS~ B4 , 2009, 26(1) : 32-37.

[(25] BEAk. WHESEESS A X HIBERHK A oM E KR GEBAL. I REBFTEAE T, 1995, 16(1) : 1-9.

(27] 4%, 2, BIORE, R0, SR8, KRBT B UV-B 8855 s KRS A B IRBGR & s, op AR 2Rk 2441, 2006,
14(3) : 122-125.

[(29] R4 JeRfEMMER. L. LERAEORE AL, 2002: 192.

[31] ABAGBC. BEREGA MR FIX K S Wit i B A A BEALRIWESE. UM - WLk, 2003.

[32] #RAE3C, #iffy, BhG M1, FLAM, XL A IR 34500 S B ARL R S 3R5E IR TR RIS, E MR K224 40,2006, 28(6) :
634-638.

[(34] WK% SGBIEAILIREI BT i —LE R, YA P2, 1997, 33(4) : 241-244.

[35] #&@%, OB, HOF. ARBEGBAHR KOS MA K UV-B FATMARL. Hilk2A2440, 2007, 46(2) : 72-76.

[(36] ZEBHE, XK, AREE, M. AR UV-B 4RSS AR BRI R . R AR ZS2£4, 2005, 16(9) - 1682-1686.

(411  X&xid, ool WRE BR3P/ NE A KFDGE MR RR I m. 45241, 2009, 29(2) : 854-859.

(42] X025, B, Shanl, KSR, 3958 UV-B SRA ARG S A8 HARLIE . PIRIAlRSA244, 2003, 25(5) « 377-381.

(48] FRLLEE, 2%, A0SR, SMETHERO SR8 THIFL 6 & DI REIN S . PHdbhid 24k, 2003,23(12) « 2137-2422.

http ://www. ecologica. cn



	08a44.pdf
	08a45.pdf
	08a46.pdf
	08a47.pdf
	08a48.pdf
	08a49.pdf
	08a50.pdf
	08a51.pdf
	08a52.pdf
	08a53.pdf
	08a54.pdf
	08a55.pdf

