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The growth and photosynthetic responses of Cleyera japonica Thunb. seedlings to

UV-B radiation stress
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Abstract ; In order to reveal the impact of the UV-B radiation on the woody plants in subtropical regions of China, the paper
researches the effects of UV-B radiation stress on photosynthetic and physiological characters of typical woody plant Cleyera
Japonica Thunb. seedlings. Blocked UV-B group(BU) ,Solar UV group( CK) and enhanced UV-B group( EU) were set for
field experiment in which C. japonica seedlings were selected as experimental material. Measurements were carried out from
August 2007 to July 2009 ( base data was from August 2007 ). Results showed a great variety of UV-B effects on
photosynthesis , morphology and growth, which are that: (1) The decreased UV-B radiation significantly increased the
amount of the chlorophyll of C. japonica ( P<0.05) ,while the enhanced UV-B radiation reduced the chlorophyll content.
Furthermore, the parameter comparison of three growth seasons revealed that more and more significant reduction of the

chlorophyll content occurred under enhanced UV-B radiation over time, which could be interpreted as a cumulative UV-B
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effect on the seedlings and would likely bring a negative effect on the photosynthesis of the seedlings in the long term
treatment. (2) Plant height and main stem diameter were measured at the full bloom stage. Both the enhanced and
decreased UV-B radiation could inhibited the stem diameter of C. japonica seedlings and the former inhibition proved to be
more effective than the latter one. The height could be promoted under decreased UV-B radiation, inhibited under enhanced
one. The different responses between plant height and stem diameter to UV-B radiation treatment suggests that not only the
growth rate but also the internal growth mechanism of C. japonica seedlings was changing under the UV-B radiation stress.
The parameter comparison of three growth seasons exhibited a tendency to decreased stress on the growth of C. japonica
seedlings as the treat time went by. UV-B-absorbing compounds, which accumulate to shield plants against harmful UV-B
radiation by absorbing UV-B radiation, were the best explanation and most effective self-protective responses of plants to
UV-B radiation. (3) Significantly promoted photosynthesis was observed in C. japonica seedlings in response to decreased
UV-B radiation according to the analysis of light response curves, while the inhibited effect was observed under enhanced
UV-B radiation, the inhibition was not significant yet. Analysis of photosynthetic characteristic parameter demonstrated that
both the enhanced and decreased UV-B radiation could induced significantly reduction in light saturation point( LSP) and
licht compensation point ( LCP) during the 3-year study period, nevertheless, the scarcely significant changes of the

maximum net photosynthetic rate (A, ), apparent quantum yield (AQY) and dark respiration rate (R,) were observed,

indicating that UV-B radiation exerted no significant influence on the light use efficiency of the seedlings. In brief, large
increases in UV-B radiation were unlikely to have a significant negative effect on the photosynthesis of C. japonica seedlings
in the short term. As UV-B effects may be cumulative or delayed, and woody plants are long-lived, the relatively small

changes in photosynthesis or the light use efficiency which were observed in our study may result in some long-term effects.

Therefore , the long-term and multiple-season field study on woody plants is necessary in the future.

Key Words: UV-B radiation stress;woody plant; SPADR ; growth ; photosynthetic characteristics
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Fig.2 The difference value of height and diameter in C. japonica seedlings under different lighting conditions( mean+SE )
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Fig. 3 Light response curves of C. japonica seedlings under different lighting conditions
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Table 1 Photosynthetic characteristic parameter values of C. japonica seedlings under different lighting conditions ( mean+SE)
W b HAMELA LCP St LsP BKEOEAEE A, WA TR BP0
Time Treatment  /( wmol-m~2s™") /(pmol-m~2s7") /(pmol-m~2s71) AQY /(mol +mol ™) R,/ (pmol-m~2s71)
2008-07 BU 20.75+1.31b 195.00+15.58b 9.72x1.15a 0.0552+0.0023a -1.1520.09a
CK 25.96+2.03a 283.40x17.61a 12.37+1.26a 0.0512+0.0021a -1.3220.11a
EU 20.02+0.48b 226.40+12.20b 11.15+0.65a 0.0541+0.0019a -1.08%0.05a
2009-05 BU 25.68+1.41b 134.60+8.55ab 5.81+0.36a 0.0535+0.0013a -1.3720.08a
CK 35.12+3.34a 173.00+25.72a 5.78+0.84a 0.0444+0.0060a -1.53+0.23a
EU 23.00+2.94b 111.18+6.15b 4.69+0.25a 0.0534+0.0037a -1.21+0.15a
2009-07 BU 19.54+3.20a 153.58+16.99a 7.58+0.81a 0.0571+0.0025a -1.09£0.13a
CK 20.03x1.61a 145.75+5.33a 5.55+0.17a 0.0445+0.0026b -0.90+0. 12a
EU 18.34+2.20a 148.60+12.21a 5.67+0.78a 0.0433+0.0047b -0.78%0.11a

(R BCHE 5 AN [R] ) m AL B ] 22 5 i 35

SRR A R A IR RRAIK SOD  CAT 1 POD f 1 M, {4790 40 i 937 180 2R 9 2k 21485 - B8O Mg
B AL BRI SR R MEAH | TS0 23R A3 T AR AR A S DU 2 (o 3 i 0 5 3R i i , B A
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R B UV-B 4 2 2 Ab T m A AKCE XA A it e i it 3R B i © 287 A T S TRTRE M, T R 4 Y
AR T LB % 58 S A3 a8 35 R 250 A R A R gk 5 HAR S Y KRS OB T 4 SR — 8

L5 R R UV-B & S0 6 i 215 B O 2 ZE IF (] B B BV X SR VL, DU RE DL S 5T
P K T A K AR EE N T UV G 15 B8 SR s [ RT3 398 T o 396 58 A 2538 2L i LI 22 45 % 2 )
Af ] (205 AR, Ui UV-B i Eha 1E ik S 7EA R A K A G S IR R A G, X 5%
BHRFARC T 200 IS MDA BE T s OB 52 B 4 Hh i gl ie— 207

Y A YR FOR M i UV-B BRI XHHE Y A K S e i F A8 bR, A R AGRE T A A 3 A LR
K BT IR o A A 25 R0 R A R LA ik R AR AR Ak, BFSE I, UV-B f Xt
T &)y v b AR R i A A 0 S MBS A 2 55, XoF R A8 1140 000 7 38 7 494 e O T S5 o 8 90 2 400 i A ) b A2 19 2
o, 8 R A S 2 X A R S0 i A AR A R AR T R S AR X T REZ O UV-B AR n RIS RN
TR S A o AN T KRR 3 AT AR £ B 43 T ki i 2 Ak S ] £
o XA A BN i, 3X R BRI 7E 52 B B 4R AL BRI BT, 2 X UV BRI AR B
Kakani V G %5 FBFSY R BRI AL 32 B K0 AR S A BT AR N 257 A K 1% UV-B WSO o, 3 iz i 4y Joie
AT LA AN 10% —300% ), Wi F= A% UV FREFROPTIE . Tar B X 25 nt 1 BUER S o & = A I 9T
WUESE, UV-B FG e 5 EAEPR R A= P R R 7E—E BB EHCPYS UV-B FR S 0B P s 153

X AR e 1187 2 T oA S B8 2 XAz A 07 17 R v 2B R AR AR VR T, Bz Il s il AR G, 3T
RESZ DNl UV-B HESTRERCASAE Y 00 A R TE A, 5 038 i, -3 R0 K BE AR 4 2510 X 53448 6T UV-B 48 5 3%
SR AT DUB AR IR, BRI AE Wi i 4518 — 3, AR o R AR A [R] 4 e 1 s 3R B UV -B 8 S5 5 AN 2 a7 S 1
TELEAH ) ) A R R, 5 R AR AR K T

X R 2R ) AT R BHAE B SR AIE T i D i ot B R B 2R T A AR e B RS TR,
XGZETT Y EERAEML, TRIDEE R TR (AQY) JEAMES (LCP) 56 (LSP) fE AR 1Y 25
BRI AL, X T H ARG T 0 UV-B RS B AR5 B2 X A 1 41 1O G VR A W 3 AR 2 VE T, )
Z IS O AR (X A Sl AW 2, X AT AE SAEY) 32 MR BT UV SRR N 2377 4 K UV
WS A S ST AR A FRIE S50 A R BR LCP R LSP PiASSELIAN 3 AL EAL N A,
AQY R 25 AR 3 | FR AR ST o0 AR R DG RE MBS AN K, BESR B PR AL UV-B FR i) 2 & M
HALI T A SCARN SRR &, 2 Wb A A7 M &0 1 63 137 908 B AR 28 1 R P 555 006 14 8 D) . 2 3 7
SZ AR S A e 1 A0 4 A i AR RO G B 0 T R AT DAGEAR )k S 8 UV RS Y i —
HA0E, RHAEYE R UV S8 SHA R
4 ZEig

1) UV-B $adt 22 maAmAin 4Jy i i 28 385 B, (8 i A 3 AR, NI AFE — 8 R B L2l 5
M HLE 2 B TRl A HERS | X Ao HoA B B

2) AR T B UV-B Sad A T = 7K1 X A i A & 32 5 122 77 AR A 5 52 ) T HL Bif 5 6 55 0
FERG , 3 A e A ] iy i

3) UV-B BB AEH S TEAS [F) (9 A= 4 2= A BT 20 00 BE B FE B A5G, AN [R] 0 5 B[] 0 e 45 2R 22 AR
K, A T REARAS [R) AR 22 FAEBR AR AL A 52 0, X BB Rk A 7RI iy 5 A K R F R A 21

4) UV-B 4 SR A% Ml A 40 149 50 M AN 2 7 P e S8 S0 A e ) A R T BEE T 2 o028 D N ) A R i

SN TE S50 I 191 2 80 O () N B A S A 1 B R ERP HILT A S

5) LA SIOLESEL YR EFR UV-B F 5 23 W2 B 2118 i IR 55 (LSP) FDGHME i (LCP)
M E R E AR (A, TG R TRCR(AQY) HENFIRHR (R, s 2 R UV-B JF R X%
MG VER DGRERI R Bk FALEE 1™ Ak W PR R 05 3 (HJ B T RS b 1) 2240 2R e X R AR R M 1Y
BHE IR [ 52 WK 23 A I Ta] T S 30 ok

http ; //www. ecologica. cn



24 4 2SI AFUV-B ARSI X R 20 A K ROt A B 7523

Bt SIS INA IR TR FREO,

References :

(1]

[2]

[4]

[5]

[6]

[7]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]
[21]

[22]

[23]

Zhou D W, Han F, Teng Z H, Zhu W Y, Shi S B. Advance of plant response and adaptation under enhanced UV-B radiation and the effect of
enhanced UV-B on plant photosynthesis. Acta Botanica Boreali-Occidentalia Sinica, 2002, 22(4) . 1004-1010.

He YM, Li Y, Zu Y Q. Responses and countermeasures of crops to enhanced UV-B radiation and regulation. Yunnan Environmental Science,
2004, 23(Al): 19-22.

Gallagher R P, Lee T K. Adverse effects of ultraviolet radiation: a brief review. Progress in Biophysics and Molecular Biology, 2006, 92(1) : 119-
131.

Robakowski P, Laitat E. Effects of an enhanced ultraviolet-B irradiation on photosynthetic apparatus of several forest coniferous tree species from
different locations. Acta Physiologiae Plantarum, 1999, 21(3) : 283-296.

Rozema J, Bjorn L. O, Bornman J F, Gabers¢ik A, Hidder 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.
Xu C P, Sullivan J H. Reviewing the technical designs for experiments with ultraviolet-B radiation and impact on photosynthesis, DNA and
secondary metabolism. Journal of Integrative Plant Biology, 2010, 52(4) . 377-387.

Bjorn L O, Callaghan T V, Gehrke C, Johanson U, Sonesson M. Ozone depletion, ultraviolet radiation and plant life. Chemosphere-Global Change
Science, 1999, 1(4) . 449-454.

Bjorn L O. Stratospheric ozone, ultraviolet radiation, and cryptogams. Biological Conservation, 2007, 135(3) : 326-333.

Caldwell M M, Ballaré C L, Bornman J F, Flint S D, Bjérn L. O, Teramura A H, Kulandaivelu G, Tevini M. Terrestrial ecosystems, increased
solar ultraviolet radiation and interactions with other climatic change factors. Photochemical and Photobiological Sciences, 2003, 2, 29-38.
Haapala J K, Morsky S K, Saarnio S, Suokanerva H, Kyro E, Silvola J, Holopainen T. Long-term effects of elevated UV-B radiation on
photosynthesis and ultrastructure of Eriophorum russeolum and Warnsiorfia exannulata. Science of the Total Environment, 2010, 409 (2) .
370-3717.

Reddy K R, Kakani V G, Zhao D, Mohammed A R, Gao W. Cotton responses to ultraviolet-B radiation: experimentation and algorithm
development. Agricultural and Forest Meteorology, 2003, 120(1/4) ; 249-265.

Xu K, Qiu B S. Responses of superhigh-yield hybrid rice Liangyoupeijiu to enhancement of ultraviolet-B radiation. Plant Science, 2007, 172(1) .
139-149.

Fagerberg W R, Bornman J F. Modification of leaf cytology and anatomy in Brassica napus grown under above ambient levels of supplemental UV-B
radiation. Photochemical and Photobiological Sciences, 2005, 4(3) . 275-279.

Cai X A, Peng S L, Xia H P, Zhao P, Mason F. Responses of four succession tree species in low subtropics to enhanced UV-B radiation in the
field. Photosynthetica, 2008, 46(4) ;. 490-500.

Chen ST, Hu ZH, LiHM. JiY H, Yang Y P. Effects of elevated UV-B radiation on ecosystem and soil respiration in a winter wheat farmland.
European Journal of Soil Biology, 2011, 47(1) : 16-23.

Chen Z H, Zhu S Q, Li S S, Guo Z H, Zhang D M. Effects of UV-B radiation on seedling growth of several woody species in the Southern
subtropical forest. Acta Botanica Yunnanica, 2000, 22(4) . 467-474.

Field C B, Behrenfeld M J, Randerson J T, Falkowski P. Primary production of the biosphere: integrating terrestrial and oceanic components.
Science, 1998, 281(5374) . 237-240.

Melillo ] M, McGuire A D, Kicklighter D W, Moore B Ill, Vorosmarty C J, Schloss A L. Global climate change and terrestrial net primary
production. Nature, 1993, 363 (6426) : 234-240.

Schuur E A G. Productivity and global climate revisited: the sensitivity of tropical forest growth to precipitation. Ecology, 2003, 84 (5) .
1165-1170.

Sullivan J H, Teramura A H. The effects of ultraviolet-B radiation on loblolly pine. Trees-Structure and Function, 1992, 6(3) . 115-120.

Trost Sedej T, Gabers¢ik A. The effects of enhanced UV-B radiation on physiological activity and growth of Norway spruce planted outdoors over 5
years. Trees-Structure and Function, 2008, 22(4) . 423-435.

Li F R, Peng S L, Chen B M, Hou Y P. A meta-analysis of the responses of woody and herbaceous plants to elevated ultraviolet-B radiation. Acta
Oecologica, 2010, 36(1): 1-9.

Ye C J. A study on photosynthetic characteristics of Cleyera japonica Thunb. Wenzhou Agricultural Science and Technology, 2004, (3) . 25-28.

http ; //www. ecologica. cn



7524 A E = 314

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]
[41]

[42]

[43]

[44]

[45]

Wu J S, Ying Y Q, Li Z J. A study on photosynthetic characteristics of Cleyera japonica Thunb. at its seedling stage. Acta Agriculturae
Universitatis Jiangxiensis, 2004, 26(6) : 896-900.

Qian Y H, Sun L H. Preliminary investigation report on Cleyera japonica in Zhejiang. Journal of Zhejiang Forestry Science and Technology, 1994 ,
14(1) ; 42-46.

McKenzie R L, Bjorn L O, Bais A, Ilyasd M. Changes in biologically active ultraviolet radiation reaching the Earth’s surface. Photochemical and
Photobiological Science, 2003, 2(1) . 5-15.

Nithia S M J, Shanthi N, Kulandaivelu G. Different responses to UV-B enhanced solar radiation in radish and carrot. Photosynthetica, 2005, 43
(2):307-311.

Liu H, Yu S Q, Jiang H, Fang J B. Chlorophyll fluorescence of Carya cathayensis with simulated acid rain. Journal of Zhejiang Forestry College,
2009, 26(1) ; 32-37.

Jiang L F, Shi F C, Wang HT, Zu Y G. Application tryout of chlorophyll meter SPAD-502 in forestry. Chinese Journal of Ecology, 2005, 24
(12) . 1543-1548.

AiTC, Li FM, Zhou Z A, Zhang M, Wu H R. Relationship between chlorophyll meter readings ( SPAD Readings) and chlorophyll content of
crop leaves. Journal of Hubei Agricultural College, 2000, 20(1) : 6-8.

Wu, R J, Zheng Y F, Liu J J. A dynamic simulation study of the impacts of enhanced UV-B radiation on winter wheat photosynthetic production
and dry matter accumulation. Agroforestry Systems, 2009, 77(2) . 123-130.

Kakani V G, Reddy K R, Zhao D, Sailaja K. Field crop responses to ultraviolet-B radiation; a review. Agricultural and Forest Meteorology , 2003,
120(1/4) ; 191-218.

Hou F J, Ben G Y, 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.

Shi S B, Ben G Y, Zhao X Q, Han F. Effects of supplementary UV-B radiation on net photosynthetic rate in the alpine plant Gentiana straminea.
Acta Phytoecologica Sinica, 2001, 25(5) : 520-524.

Shi S B, Ben G Y, Han F. Analysis of the solar UV-B radiation and plant UV-B-absorbing compounds in different regions. Acta Phytoecologica
Sinica, 1999, 23(6) : 529-535.

Wu X C, Lin W X, Guo Y C, Liang Y Y, Chen F Y. Advance in research on the response of plants to the increased Ultraviolet-B radiation.
Chinese Journal of Eco-Agriculture, 2001, 9(3) . 52-55.

Lin W X, Liang Y Y, Jin J X. Genetics of resistance of Oryza sativa to increased UV-B radiation and its physiobiochemical characteristics. Chinese
Journal of Applied Ecology, 1999, 10(1): 31-34.

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.

Jiang F W, Jiang H, Li W, Yu S Q, Lu M J, Li J, Jin Q, Wang Y H, Cao Q. Effects of acid rain stress on physiological characters of Lindera
megaphylla Hemsl. seedlings in summer and autumn. Ecology and Environment, 2008, 17(6) : 2374-2380.

Cai X A, Xia H P, Peng S L. Effects of enhanced UV-B radiation on plants. Ecology and Environment, 2007, 16(3) . 1044-1052.

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

Wang H X, Yang T W, Li J Y. Effects of enhanced UV-B radiation on leaf anthraquinones content and cell ultrastructure of Aloe vera L. Chinese
Journal of Applied Ecology, 2010, 21(1) : 260-264.

JiM]J, Feng HY, An L Z, Wang X L. Present status and prospects in research on effect of enhanced UV-B radiation on plants. Chinese Journal of
Applied Ecology, 2002, 13(3) : 359-364.

Li W C, Jiang H, Zeng B, Yu S Q, JinJ, Zhang Y. Effects of simulated acid rain on photosynthesis in Schima superb and Quercus glauca. Journal
of Southwest University ( Natural Science Edition) , 2008, 30(7) ; 98-103.

Wu J S, Song F Q, Chen R, Lu W M. Comparison of leaf gas exchange and chlorophyll fluorescence parameters in three species of Aesculus Linn. .
Bulletin of Botanical Research, 2008, 28 (4) . 438-441.

S 3k

[1]

(2]
[16]

JASETL, #hde, Berpte, ROCER, IWZA=E. UV-B ARS8 300 MWD 6 6 11 B R e R ) B9 A O I8 1 PEBIE 5. PR R 2740, 2002, 22
(4) . 1004-1010.

ik se, 250, AR, FEMIXTEER UV-B SRESTAOIR DL S R 5.~ SRRk, 2004, 23(72) : 19-22.

FRER, ARZZF, 25l BGAE, SKIEMA. UV-B 55 5 X0 B T A AR SRR A AW 4 AR K SE R, A 5T, 2000, 22(4)

http ; //www. ecologica. cn



24 4 2SI AFUV-B ARSI X R 20 A K ROt A B 7525

[23]
[24]
[25]
[28]
[29]
[30]
[33]

[34]
[35]

[36]
[37]

[38]

[39]

[45]

467-474.

M. R RERRTSE. BN, 2004, (3): 25-28.

REMe, NS, BRI, I E DA RS, TR R, 2004, 26(6) : 896-900.

BREL, PhIAE. WA EE. WAL RN, 1994, 14(1) « 42-46.

XS, R4, T, TR BOIRR FXT LBk SR 3RO SAL M AR AR . W ARAEBE 4R, 2009, 26(1) : 32-37.
LWSY, AR, EALM, TR, M52t SPAD-502 fEMOl BN . AEASSEARE, 2005, 24(12) ; 1543-1548.

R, R, A%, ki, RIGIR. RN Rt ek R & it 5 SPAD (EAHCHERFSY. #IdLA2Bi =4, 2000, 20(1) : 6-8.

BERRIT, BERESE, B S, whik, VAR, BEE. MRS INEEANE (UV) SRS K G A A K ADG S VR I, R A 2524 3R, 1998,
22(3): 256-261.

AT, BEEEYE, BOBT4, k. MR UV-B ARG E LA RRAE DA MURAEE . AR ASSEHR, 2001, 25(5) ¢ 520-524.
A, TUREDE, BhA. AN RIEHb X S HMR B AR ARG A i R 58 AN R W B e AR BT, R AR SR, 1999, 23(6) -
529-535.

RATE, OO, FER, RO, BRISE. HYIXT UV-B GRS R e N s . o E A SO A=), 2001, 9(3) ¢ 52-55.

MROCHE, FEXTT, e KFEXT UV-B FRGT 5 1T PRt % B A B AR PERIF S, B AR S 244T, 1999, 10(1) : 31-34.

W, 2R, BUIR, B, SR, KRMSE TR UV-B 5B KA A 4 R P IR & s s P AR S0l 43R, 2006,
14(3); 122-125.

VR, TLHE, AL, A4, B50E, Bk, &%, TH, We BWMNG T RS8R Lindera megaphylla Hemsl. 411 7E MK 1Y
AETAR SRR, A SFREE, 2008, 17(6) : 2374-2380.

858, HUOF, /0. 5 UV-B faii XY ism. A8 EE, 2007, 16(3) : 1044-1052.

Zebebe, XUBR, MR, fafife. RIBIHESE UV-B SR5STR T Mbk 4l i AL BRI 52 m. BT AE S 274, 2005, 16(9) : 1682-1686.

LR, HRISC, 25505, B UV-B FREFXT 25 BRI I & i FUB S M e, B A 252441, 2010, 21(1) : 260-264.

SAY, WRRIT, WRAT, ThBE. BIRAY UV-B MRS SE. RO 2A4, 2002, 13(3) : 359-364.

ZTTHR, LUk, Wk, AAr, A, SRS BUIRUBRTROG T X AT 4 v e A e 1 AP RS R T R AE AR (A SRBEA D) |, 2008, 30
(7): 98-103.

REAR, RARM, BRoe, PR 3 L RE Y R SRS AR IE RN SR SRR LR, ST, 2008, 28(4) : 438-441.

http ; //www. ecologica. cn



ACTA ECOLOGICA SINICA Vol.31,No.24 December,2011( Semimonthly )
CONTENTS

The community structure of endophytic bacteria in different parts of huanglongbing-affected citrus plants «=+oreerererereeeerreneieieaeeeee.
....................................................................................... LIU BO s ZHENG Xuefang s SUN Daguang s et al (7325)

A research on the response of the radial growth of Pinus koraiensis to future climate change in the XiaoXing' AnLing «+-cccereeerecaees
.......................................................................................... YIN Hong, WANG Jing, I;IU Hong})in, et a] (7343)
Efficiency and kinetic process of nitrogen removal in a subsurface wastewater infiltration system (SWIS) — sroceeeeceeerraeaecieenenee.
............................................................................................. LI Hai})o, LI Yinghua, SUN Tieheng’ et al (7351)
Designing nature reserve systems based on ecosystem services in Hainan Island = -roereererrerersreeererieiieniiiciieiiiiieeeeenees
....................................................................................... XIAO Yi, CHEN Shengbin, ZHANG Lu, et al (7357)
Assessing ecological services value of herbivorous wild animals in Changtang grassland: a case study of Tibetan antelope «-+-+--e-----
............................................................................................. LU Chunxia, LIU Ming, FENG Yue, et al (7370)
Spatial characteristics analysis of ecological system service value in QianJiang City of Hubei Province ««+-r-rrererrermrerreeeereeeeenene.
................................................................................................ XU Beishen,ZHOU Yong, XU Li,et al (7379)
Landscape pattern change and its influence on soil carbon pool in Napahai wetland of Northwestern Yunnan «-c-evevoeeeeeeerrecereceenes
............................................................................................. LI Ningyun, YUAN Hua, TIAN Kun, et al (7388)
Multi-scenarios analysis for wetlands ecosystem conservation based on connectivity: a case study on HuangHuaiHai Region, China ---
.............................................................................. SONG Xiaolong, LI Xiaowen, ZHANG Mingxiang, et al (7397)
The potential of carbon sink in alpine meadow ecosystem on the Qinghai-Tibetan Plateau «+-«=cxecorerreroreerorrererareieirciirieeeee.
.................................................................................... HAN Daorui, CAO Guangmin, GUO Xiaowei, et al (7408)
The relations of spectrum reflectance with inhomogeneous factors and albedo parameterization -+ ZHANG Jie, ZHANG Qiang (7418)
Groundwater ecological sensitivity assessment in the lower Liaohe River Plain based on GIS technique — «=v+rorreeerreememerericeeeeeenee.
................................................................................................... SUN Caizhi, YANG Lei,HU Dongling (7428)
Ecological sensitivity of Xiamen City to land use changes <+-+=r=errereeeereeeces HUANG Jing, CUI Shenghui, LI Fangyi, et al (7441)
Investigation and analysis on situation of ecotourism development in protected areas of China corsrerersrerarsrraeeeneaeieiiarieiiareeee.
............................................................................................................ ZHONG Linsheng, WANG Jing (7450)
Handicapping male-cheaters by stable mate relationship in yellow-bellied prinia, Prinia flaviventris ««==«=«=xsscseseaeseeneseeecaeeeacenes
.......................................................................................... CHU Fuyin, TANG Sixian, PAN Hujun, et al (7458)
Effects of dietary protein content and food restriction on the physiological characteristics of female Microtus fortis =~ «=+vvrerereracececees
.................................................................................... ZHU Junxia, WANG Yong,ZHANG Meiwen, et al (7464)
Predator-prey system with positive effect for prey  «+++++ssssserssssmsertemiiiitt i QI Jun,SU Zhiyong (7471)
Volatile constituents of four moraceous host plants of Apriona germari «++=+++=+--+- ZHANG Lin, WANG Baode, XU Zhichun (7479)
Relationship between adult emergence of Massicus raddei ( Coleoptera; Cerambycidae) and temperature and relative humidity «+-++---
.................................................................................... YANG Zhongql s WANG XlaOyl s WANG Bao s et al (7486)
Nest site selection and reproductive success of Parus varius in man-made nest boxes — corseseeerreesererseieieniiiiiniiieee.
................................................................................................... LI Le’ WAN Dongmei, LIU He’ et al (7492)

A study on bio-ecology of the stopover site of waders within China’s Yalu River estuary wetlands — «orsrorererrareeeaecirieieieieieene..
................................................................................................ SONG Lun, YANG Guojun, LI Ai, et al (7500)

.......................................................................................... WANG Haimei, LI Zhenghai’WU Lan’ et al (75]1 )
The growth and photosynthetic responses of Cleyera japonica Thunb. seedlings to UV-B radiation stress «etoreeserersreererrecaeieaeeeeees
................................................................................. LAN Chunjian, JIANG Hong’ HUANG Meiling,et al (75]6)
Photosynthesis-transpiration coupling mechanism of wheat and maize during daily variation +ecoreeserersreererreariiiiieiiieiee.e.
.............................................................................. ZHAO Fenghua, WANG Qiufeng’ WANG Jianlin, et al (7526)
Comparison of the methods using stable hydrogen and oxygen isotope to distinguish the water source of Nitraria Tangutorum «=-+-++--+-
................................................................................................... GONG Guoli s CHEN Hu1 s DUAN Deyu (7533 )
Effects of cold weather on seedlings of three mangrove species planted in the Min River estuary during the 2010 winter — ==+-+v-eeeeee
........................................................................... YONG Shiquan, TONG Chuan, ZHUANG Chenhui, et al (7542)
Correlation between ecological factors and ginsenosides — «+wcrorreeerreeeeeeees XIE Caixiang,SUO Fengmei,JIA Guanglin,et al (7551)
Effects of pyrene on low molecule weight organic compounds in the root exudates of ryegrass ( Lolium perenne L. ) +=+oserererereccacaeees
................................................................................................... XIE Xiaomei, LIAO Min, YANG Jing (7564)
Isolation of phosphate solubilizing fungus (Aspergillus niger) from Caragana rhizosphere and its potential for phosphate solubili-
ZALIOIL  ++#weeeeeroeneen e et en e ans ZHANG Lizhen, FAN Jingjing, NIU Wei, et al (7571)
Effect of raindrop impact on nutrient losses under different near -surface soil hydraulic conditions on black soil slope ~— +=+=ereeeereeeeees
............................................................................................. AN Juan, ZHENG Fenli, LI Guifang, et al (7579)

Emergy analysis of coal-fired power generation system and construction of new emergy indices =«=«+wrorsrrererrrearrerreerrencaeiceeeeene.

Review and Monograph
The impact of forest vegetation change on water yield in the subalpine region of southwestern China — «-r+esorserererrreorarrcneireenene
................................................................................................ ZHANG Yuandong, LIU Shirong, et al (7601)
Reviews on spatial pattern and sand-binding effect of patch vegetation in arid desert area — =+=vsecrrerrerrereerenereeerieeeeeeeenes
............................................................................................. HU Guanglu’ ZHAO Wenzhi’WANG Gang (7609)
Sustainable management on pests by agro-biodiversity =~ crtoreerereseseeieieeeeenens GAO Dong, HE Xiahong, ZHU Shusheng (7617)
Scientific Note
Characteristics of organic carbon and nutrient content in five soil types in Honghu wetland ecosystems — +ereseeeeeereeeeeereneneieneeeenne.
.......................................................................................... LIU Gang,SHEN Shouyun, YAN Wende,et al (7625)
Effects of cypermethrin and deltamethrin on reproduction of Brachionus calyciflorus —««-s=vssseererararararararacieaeacitatititatittitiecee.

.................................................................................... HUANG Lil’l, LIU Changli, WEI Chuanbao, et al (7632)



(EBZ|RY2012 F£4EITRE

(AR B B A A2 B A ARBR e AR T, 1T 1981 4F, F2 2RI A= A if

U AUHTPERMIE SR , R WG RE S B QAR 255 A R D7 1) A0 75 £ 1k SO 5 W9 fi 4 5 A2 A5 22 BIE OB s

473 4

i TR % I BY s e L o NN R R R B S B R =

(s

“HA~Fo

Hey A2 HH), K16 FFA,280 1L, B N E M 70 T/, &4 E W 1680 TT.,

FE IR &S .82-7  FEAMIREALS :M670  ArifEFIS . ISSN 1000-0933  CN 11-2031/Q
A [ MR SR K T T B, A nT B S G BRI RIS, U T KRB AR BN | S SE e A 1

THAETTTR
B . 100085 JL i IE X IGEH 18 5 H

E-mail ; shengtaixuebao@ rcees. ac. cn

$£31E F24 M

WEEBEMRE fLat

(SHENGTAI
SR

2 |
XUEBAO)
1981 4E 3 HAIT))

(2011 4E 12 )

I=E
I

(010)62941099 ; 62843362

www. ecologica. cn

HITHRE XIKE B ¥

ACTA ECOLOGICA SINICA
(Semimonthly, Started in 1981)

Vol. 31 No.24 2011

2

3_!\_‘

Ji

w B

H
SR &

MoK
g Rl
£ 7
i W
547
ERE
W W E

CHEZSZAR) i

HhE - LT E X BUE I 18 5
MR L 4 15 - 100085

Fi%: (010)62941099

www. ecologica. cn
shengtaixuebao@ rcees. ac. cn
oo

thEREER A2

Hp [ B2 B A SRR A AT O
HhE - LT E X DU 1 18 5
HIE L 20 % : 100085

“ 4 & K i
Mok - AL SRR SR BT 16 55
MR 45 . 100717

JtmTEARER R

“ 4 & K i
ik . 7R AR AL 16 5

S 4 - 100717

3% : (010) 64034563

E-mail ; journal @ cspg. net

4 [ 45 M R =)

rh = [ B B 52 5 VA
Mok 65T 399 {548

MR B Zm A - 100044

HUE TR 54 8013 5

Edited by

Editor-in-chief
Supervised by
Sponsored by

Published by

Printed by

Distributed by

Domestic
Foreign

Editorial board of

ACTA ECOLOGICA SINICA

Add 18, Shuangqing Street, Haidian , Beijing 100085 , China
Tel: (010)62941099

www. ecologica. cn

Shengtaixuebao@ rcees. ac. cn

FENG Zong-Wei

China Association for Science and Technology

Ecological Society of China

Research Center for Eco-environmental Sciences, CAS
Add:18,Shuangqing Street, Haidian , Beijing 100085 , China
Science Press

Add:16 Donghuangchenggen North Street,

Beijing 100717, China

Beijing Bei Lin Printing House,

Beijing 100083 , China M 2

Science Press Mo

Add 16 Donghuangchenggen North g

Street, Beijing 100717 , China cla —
Tel: (010)64034563 o

E-mail ; journal @ cspg. net E ;
All Local Post Offices in China 2 A ——
China International Book Trading 3 —_
Corporation -

Add:P. O. Box 399 Beijing 100044 , China

9771000093118

ISSN 1000-0933

ERSMAFRIT

CN 11-2031/Q

NEBEZ RS 82-7

E s EZ TR S M670

EM 70.00 T



	fm+ml-zw.pdf
	stxb201012311880.pdf
	ml-yw+fd.pdf



