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The impacts of the Southwest China drought on the litterfall and leaf area index

of an evergreen broadleaf forest on Ailao Mountain
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Abstract: Drought is a major disturbance that greatly influences the structure, composition, dynamics and primary
production of a forest. Since drought frequency and strength are predicted to increase in the future, understanding the
response of natural forests to drought is crucial for predicting the performance of forests under global climate change. In late
2009 and early 2010, a severe drought (rainfall anomaly) occurred in Southwest (SW) China. This severe drought event
had a large impact on the regional agriculture and economy of this region, and attracted great attentions of scientists and the
public. It has also been recognized as the most severe drought of a century. However, the impacts of this severe rainfall
anomaly on natural ecosystems were not well assessed. The objectives of our study were (1) to evaluate the impacts of this

rainfall anomaly on forest canopy and litterfall of natural forests in this region, and (2) to establish the relationship between
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climatic factors and litterfall for natural forests in this region. In the present study, we compared the litterfall and its
different components, as well as the leaf area index of different forest layers of an evergreen broadleaf forest onAilao
Mountain between the 2010 unusual drought and the previous year drought with normal rainfall amounts. We also analyzed
the relationship between litterfall and climatic factors, including annual mean temperature, annual rainfall, and annual
number of rainy days. No significant difference was found in annual litterfall between 2010 and the previous years.
However, annual leaf fall, dry season litterfall, and dry season leaf fall in 2010, were higher than those in any previous
year. Dry season leaf fall in 2010 was 35.2% (0.81 t/hm”) higher than the average during normal years. Notably, the
annual fall of epiphytic mosses in 2010 was a historical minimum. No difference was found in leaf area index of the
overstorey and understoreylayers between 2010 dry season and 2005 dry season (a year with a normal rainfall amount).
However, leaf area index of the herbaceous layer in 2010 dry season was significantly lower than that of the 2005 dry
season. Therefore, although the regional rainfall anomaly in early 2010 increased leaf fall in the dry season, it did not
significantly influence the canopy leaf area index. The growth of the herbaceous layer and the epiphytic mosses,
howeverwere significantly affected. A significant positive relationship between annual litterfall and annual rainfall, as well
as a negative relationship between dry season litterfall and dry season rainfall were found. There was no relationship between
annual litterfall (or its components: leaf, stem, epiphytic mosses) and mean annual temperature. Therefore, the primary
production and litterfall of this subtropical forest is determined by rainfall rather than by temperature. This pattern is
different from the result from a previous study in Northeast China, showing that forest litterfall is mainly determined by mean
annual temperature. This could be because subtropical forests are relatively warmer than the temperate forests in Northeast
China, and temperature is not a major limiting factor on the forest primary production and litterfall of subtropical forests.

This relationship could be further tested in other subtropical forests to reveal more general patterns.

Key Words: Southwest China drought;litterfall; leaf area index; precipitation

KA FRARAEZS R GERIR A T AT RE Y IREE 2 —1 T T R R AR 2 R G454
LIS , DL AR AR 7 e F IR T2 — >, PR 5 A (= 5t 1 i) 78 2009 48K 2
2010 4ERIHESZ T AR — BRI TR Aol A A BOIAU R AR I8 /K #8328 7R i b ) sk vk
TR X R A S R G R R i AT B IPAL . RO B T R AR R R 2 RS
X AR ZS R GRS X AT F IR R, oMK o 25 PF AR PR AL 258 R G ad B 2 [B] I 56 A% KA B 39000 3%
M IXFRARAE R BR UL T BB, A B T8 B BLECR A9 1 &

PATE YRR TR RS RGN th b L AR ZE 537 A T VR B 2 , 4 0 20 255 64 ) o A RE B R DL, i A4 £+
R RGBT A USSR L BRMRUETE Y (B 5T SR AR e R T R A3 R A Dy T
VR AR S RGEY R AL 5 RS RGO RIS FRAR A V& i AR Al A A
FIREFR PN DR B S0 T 26 BE AN HGE A O R K S5 A S I 52 m i i a1 BRAR X AR bR U V& 0 (i B 5
B EAR T X AR T S A RIS BN D RS SR X AR 9 S 1 5 0 D43 AT K 4
ARV B Z A5 28 KA B T A TH00 8 9% FIAR S () — R AN A S R ST R A AR T B i L
AR,

RARUSE = LK R 5> R4k, 29904 23°35'—24°44" Z 8] 78 = B AR UE M L E 243 AL 4%
IR A FEAR PRI A, 1 LR SR I bR (LA TR SR R bR J2 o 22 L oA die )™ TR
BRI A2 L0 2R P POV () K bR, A7 AR TS o L 2k B A7 2010 4
LK SR BRI SR AR S 2, {HL iy o 7 R R R T A 0 RO A A T A B P i A
AT BER K G35 R HOACREURR AR A AT R 2 o B 22 9 I D A 2% J R sl i 7K 73 I, 2010 45497 £ 8 R 7™ B 5k
Z AT BEZ R T SR B AT AC)Z A2 B A J2 i T RS RO P i, ARSI R b L e v

http ; //www. ecologica. cn



9 1t fodte A5 VU R X R o L ok i AR 7 4y L e T AR RO R ) 2879

ZRIE MR TEXS G R LE T 2010 4R F— AR 03 (14 U8 7 1 1 A T AR SR 5, 0 A 07 48 08 75 ) RN AE SR AR
FEoK FREK H A I OC R, B BYTET . 1) PEAE 2010 4874 R T 5060 3 4% L 465 il i PR ] 9 40 £ B TG AR 4
FYFENA] 52 ) P AR PR - R RS o Sk R AR TR D B I &R
1 WRAESHM
1.1 WFFEHEs

AT 2 e A L R G A SRR X N R K U X T J, Br s i b B85 8 0 24°327N,101°01
E, 1K 2490 m , AKX REFE(11 H—4 H) FHE(5—10 ) 431 J8 T8 X%, 2RI, 43S
IR 11.3°C , YA X BE 83% , 4E /K i 1931, Imm, 4F H BEEE 12390, H SR E R KA (5 4
F)E HEK(T AR ) A KIBSERF S, bR 1 ki)

U £ 3 S R A 0 LM DX T P A (249 29. 22k ) A i)™ (o @ XTI BUAR) 77.94% ), HLi%E 4%
WA ARSI R AR B T K 22 5T 3F B} ( Fagaceae ) \ASF} ( Theaceae ) \FF} ( Lauraceae ) FIA %}
(Magnoliaceae ) ., 7&FFHA PR FIAT A FAT ( Lithocarpus xylocarpus) 24411 ( L. jingdongensis ) % €A
( Castanopsis wattii ) 52 B ; 25RO A0 AT B AT ( Schima noronhae) FHAZS (Hartia sinensis) F1I/NE 1L
K ( Camellia forrestii ) %5 20 1 ; BBk 0 FB T AT 85 .0 ( Machilus bombycina) JEIEAH ( Machilus yunnanensis )
FNRG A ( Neolitsea chuii ) 5520 15 AR 228 BRI FIA LLALARTE ( Manglietia insignis) 24655 ( Michelia
foribunda) SFH R ZAEW Y TE 34 A TRA)E FERBRFAZ FRARZER 5 25—30m, B35 3k 90% LA
b HERZLIEAT (Sinarundinaria nitida ) U FEF, 55 FE IR 75% £ A7 5 FAS S0 HF A AR ( Cares
teinogyna) . Ml i ¥% 7K 1€ ( Pilea sinofasciata ) . 4 Al ( Impatiens cyathiflora ) . ¥ V4 38 & Bk ( Plagiogyria
communis) ~F kb 2L ( Polygonum strindbergii ) . Bk ¥ 22 ( Polygonum wallichii ) 1 %8 4£ W5 B %= ( Ophiopogon
wallichianus ) ZFHL R, 56 29 40% 2452,
1.2 W55k

1.2.1 JHEY)
AT B TRTE YRS (2005 45 1 A 2 2010 4F 12 A) ok A 542 100 3G FR AR AE 25 2 G0 50 0l 10 5 R0

DU, bR AZ A 5 () A WA B TETRRCA Thm? 2B MR 10 mx10 m (19 11 ZAE 77 100 A4~ 7EH 1Y 25
A 10 mx10 m FEJ7 N B IKFBCE —A 1 mx1 m (P TE PWCEEHE , R 35 WIRE 9 07 BT 1 m, SR EHERIER
P A A AR FARALEAR A 0. Smm [ ¥RL R4S HE P9 B VE 9, 5 B SCE0 2 AT R AR SR Rz T
HeERE RN 2% W) 0 4% 40 0 4 3, SR G TE BEAR N L 80°C fH IR ML 4% 24h, ] BL610 Hi T K °F ( Sartorius Inc. |
Germany ) FKH 5,
1.2.2  WEFFEEL

T AR R EON 2 TR EARRNRAS 2 DA BER 43 = BE /N T 0. 5m R REARZ B EEAE 1—3m Z M1
TEARJZ AR 3m LU BB TR AZ Y M AR ROR LAT-2000 HE4 56 )2 20474 (Licor Tne. , USA) MI%E .,
755 M T KPR 3. Sm BB KT ICE 2 A, B S BB R TR A2 i T RS A0, 5 BEAE 3m DA
SHEARJZ L i R B8 ( RIVE AR 2 T FRAE R+ TR R 2 - T BAE 250, W i 1 R B = 25 MR 2
- T A B, W AR 0. Sme LRI H AR R BEAR JZ A Al I o AR ML ( BB AR 2 o o RS 5+ 98 K 2 1
SRR AZ M AR | 12 RS EUE S 7E 3m LR I H AR A9 22 0 R A 2 M T RS B . LAT-2000
L 568 2 AT AL S 20 A LS 78 2 B B B 2 4 R 1T 222 M B T A 2 56 A R (90% LA 1)
AR YCL AL TS | Ry T 2 I v v | e K H IRASIR Y 1200 .16 .00 FTKIXF4 55 14 08 .00 4530 1 ¥k,
SROFH AR ZFE 7 (T AR ) L M E A 2005 4R AN 2010 AERREH (4 H) #E4T, #E Thm® By 3k
58 A T GAE Dy e i i
1.2.3 BRI ABXHEE A AR

R R AR XL B D 398 15 /K 2 (2005 4 1 H 2 2010 41 12 A ) th S 3= 72 1L #s ZRARAE 25 R GEF 5 3 1)

http ; //www. ecologica. cn



2880 A E = 33 %

FRRMEIN , AE X AR (08:00 .14 :00,20:00 ) X £ 119+ | 10 BRI EE e S BORM AR 2 SR 80 54 2
F AR 9 20em B FR A 26 TR A 08 :00 .14:00 F120:00 £ WL 1 YR FEKEE, ZEREHL P9 3 /N1 38
TH] SRAE S5, 1 SR (RS SRRE T Hb 3R VR BE 150em) |, 1 REST ZI45 M 5250 %5 ) BLO10 HLF KPRk, 1
FERER Y L 105°C BT IRIERE 24 h S AR B, R HERBE BT RSk A S Sk
1.3 b

AR LR 3R 7 22 70 M e o e e i ARAE PR P ) B R T ) 5 2R i TR AR B K i AR
B3RS KR H 2005—2010 4EKARE Dy Z 8] 22 55 25 W3 . 158 HH Person’s correlation 34T 8 7% 4 & Fll
AR (AERRK AR ARREK H 8 22 18] BAR S, fif 280 105 4007 i 52 U 95 40 52 2 i i R 2R ek
s LA I YA SRR e PR K R Z R OC R TR ST T BIHE SPSS 18. 0 #i it 7
2 BEREHH
2.1 2005—2010 AFFFAK G SP-E5 AR X 2 R - eS8 o 5 K 1 (1 H 3 SRR

2010 45 ZRE A7 WL Lok B K i d5e 0 1, ELAR R /K B 1R B (B RR 205 1, 2010 4F 2 ) AHRH 32 -t 25 45 083
DK SARRAR, 300 T S /K B U 7E 3 5] 5 ) s 20 WL DIk A s (1 1)

900
750 2005
600
450
300
150

2006 2009

[k
Rainfall/mm

100
90
80
70
60
50 L1 1

HIXHE
Relative humidity/ %

[ T N T TN [ T T T T T Y Y Y S N T T T T Y B

TR EAKE
Soil mass water content/%

135791113579111357911135791113579111357911
H 413 Month

E1 REXEAMNEEMTETIHRESKENANS

Fig.1 Seasonal dynamics of rainfall, relative humidity and soil mass water content
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Table 1  Correlation between litter production and climatic characters

UERZ7/BES 8 4443 Components
Litterfall M Leaf K Stem AER Flower & fruits Bt/ B &F Epiphytic moss
AEIE MAT -0.57 -0.05 -0.47 -0.26 0.46
AEFIK AR 0.85" 0.70 0.49 0.30 0.06
4ERESK H L ARD 0.50 0.45 0.51 0.58 0.77

# P< 0.05; MAT: mean annual temperature; AR: Annual rainfall; ARD: Annual rain days
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Fig.4  The relationship between annual litter production and annual rainfall, and between dry season litter production and dry

season rainfall

3 it E4&R

2010 4FEA) T2 A2 1 A LR R S R AR A 2 AR 3K A0 IR B0 R A LI LA A B 22 , 1 3 AT 22 Wil 4 B
FE WL AR 1L S ) K T R A A R 1l 38 T e 0 R R A B R AR, AR AR 25 17K
A3 PRI Sl HARE R 5 ) A2 3] T — 50, 2009—2010 525 5 8 74 4y 1 5L 2 - ) 9 a2 A O
PIRdmE . Hid,2009—2010 F2Z5H1 2005—2006 7% 1) -8 75 2 b — AR 0y -3 R iR D oK Gy 5 i
SRR ) A AR A A T A ki) 7 G 5 R A R S A 2 K A S R T R A 22 ) AN s K A
ARBUAEAT 2010 420 R R, RIVE L T4 A 2 1) B AT G-t 2 A0 AR Dk 2> 2 1 T REURN DR 7K i)
—FPHLE . T 2005—2006 522545 g 1 I I8 V5 1 S PR A 2006 4F 1 H AR L E SRR AR 52 T —375R IR
ZEREK AL, RIS KBRS SR BE RIS, T 7E 2010 4552 2% AH G0 Al 4 38572 o it 5 K i
VS & Sl TR ¢ N S NP 7 7 et I S B B R T 300 o AN R S TN e o iy w7 o N =3 /B s
5 R BA R AR, ULIATE S Z AT 55 22 18 B K T (R P A 5 g AR o R0, I fof 2 2
EYEE D,

SR 2009—2010 52 A2 1L St ] i AR 08 Y 0 kA AT R DA B i, {HUZ: 2010 AR 2= (1) TR AR 2 I
TR B — AR A U I 2 25 57, IO 3R IRV R 2 R I W) A1 A7 5 20 L AT T hn, EL 2 384 I
TR R, I B R DL B T AR Z FEARZ AL, hah, BAR 2010 45400 Y R B = AR IR (R
A2 2 ) TR A2 A T T RS 037 B 67 T B T, 2010 AR SR bR AR 2 i T AR B W IR T —
JBEARASY (2005 4F ), BE RS BUR— e Al R e 2 2540 RO s S R B pm Y RS Bk
i /b, B TR ZE ORI AR ZE I (il +83R)Z Sk PR 2 . A 2 M) AR R0, LU AR TE A Al fig i
K I SR ZERIE T B R i RS B R R, [ REAC 2 —FF  FRRER G AR R0k, AN 4
B AYFET R AT Bt 1T B2 Z 2R TR 2R BRI, 2R 7 TR A ik — 2B et 9t . 9 — i, Fe K
JEFIHEA ZAE Y B TAR AR, of UM VR ) - 8245 2 BT 5 /K 43, PRI 2010 AF4) P g 500 X st
JE RPN

http ; //www. ecologica. cn



9 1 fodte A5 VU R X R o L ok i AR 7 4y L e T AR RO R ) 2883

AL SRR AR AL 35 A Y R AE 2010 AFaR AT 0 SR ORI, X S50 R T R4 dr k4R
Z IR L P JCHE A 5, B A B aE R K BER Sk A TR K Fas S b itk 4y BRIk /NS e A8 AR AR sk ) | -
O AR AZ FRARGE F IR A TR A /N RUBE RS R 1 A AR R i 0= s AR X T R AR R A 7 ) Uk
D2 M A B AR 0 AR o A R ARl 5 L A AT VR D . 2009—2010 B fE KRR S
B[] FEL LT 05 A TR e A ol v B AR T R 7K RN 28 S K 43 ) N A 5 A ) A R B 32 B O S B Y
FIR V% AR

PRI 7% ) 2 DRMAE AR R B i B D B R AR 1) , e AR AE B R G B A A BE L i 3h Y
B FRAATE R A2 R RS ARSI TR L AR K A3 DR X R R AR 5 i 4%
S AR SCE R, R LR SR A 5 B R i S TR AR 5% T 5 AT R I e B L ARG 3 5 5K Er
AR NAE R E R AL BIBFIE S R YR8, AU X FESIRI | A e B R R A O SAERR K G
TR AERRA AT (8 AR i X (e R Gt B i A X ) 9 o U 9 R R ) K R (TR
X R KGR = AR I 242 L i Ak B O I Aty s DX T B AR e A, T BEAS S R 9 A 7 e ) R e
KT, JEEY R T S RG GRS 1P REZIKOKEHEER" ARSI (R R
6 ™H) , REREAKER D, 13K T2 S A A%, K 2 il RE R R R 5 W = e i £ SR E
BRI H SR MO AR AR R AR Sl 32 T 5 e ) (E R 20 SR A AR X T A ) 7K A R A 2 T
DMz R KR 2 RIS i 2

25 L PTiR 2009 4RI 2010 AF4) 7Y R RE R T 52 22 L 2t el i AR AR 7 40 20 3 i 1 2 2 R i e Y
KBRS A B LASE T HEA 2 B i AR B, BiEAE 35 X0 A8 AR Ak B 7 b 2 B, 2009—2010 4522
A ORI L Sk e I ) 225 ASCAFDGT 0 88 ARS8 K ol A5 B A 25 4 1 A R AR % St o OB Ak e IR, VA MORE T 52
ML/ ARJE R 2 AR K B AR FA 2 RS B R R KAR T A4, BeAh, A 1L 4R
I BRAT Y 75 47 S R SR AN AF DG, T R4 R A 38 IE ARG, 3 AR L Y AR 75 ) 2 32 2 32 1 B 5 i
AN, T RESE: P Ry S B BRI A AR R 95 7 i o 2 Ml A7 B RN AR RS R, MR LA
FE A Z B SR AE S RGPS B0
Bt b ERR R B 2 L A AR A S R G PR AL 6 AERYAE Y R AR S I EHE | 78 BF A1 il gk
PR R3] TRk B EME NE K U B, R B,

References :

[ 1] Krishnan P, Black T A, Grant N J, Barr A G, Hogg E T H, Jassal R S, Morgenstern K. Impact of changing soil moisture distribution on net
ecosystem productivity of a boreal aspen forest during and following drought. Agricultural and Forest Meteorology, 2006, 139(3/4) ; 208-223.

[ 2] Granier A, Reichstein M, Bréda N, Janssens I A, Falge E, Ciais P, Griinwald T, Aubinet M, Berbigier P, Bernhofer C, Buchmann N, Facini
0, Grassi G, Heinesch B, Ilvesniemi H, Keronen P, Knohl A, Kostner O B, Lagergren F, Lindroth A, Longdoz B, Loustau D, Mateus J,
Montagnani L, Nys C, Moors E, Papale D, Peiffer M, Pilegaard K, Pita G, Pumpanen J, Rambal S, Rebmann C, Rodrigues A, Seufert G,
Tenhunen J, Vesala T, Wang Q. Evidence for soil water control on carbon and water dynamics in European forests during the extremely dry year:
2003. Agricultural and Forest Meteorology, 2007, 143(1/2) . 123-145.

[3] HaoY B, Wang Y F, Cui X Y. Drought stress reduces the carbon accumulation of theLeymuschinensissteppe in Inner Mongolia, China. Chinese
Journal of Plant Ecology, 2010, 34(8) : 898-906.

[ 4] TaoF, Hayashi Y, Zhang Z, Sakamoto T, Yokozawa M. Global warming, rice production, and water use in China; developing a probabilistic
assessment. Agricultural and Forest Meteorology, 2008, 148 (1) : 94-110.

[5] LuLP, Cheng CL, LiuW D, Qin Z H. Effect of the agricultural meteorological disasters on agricultural production and its spatial distribution
characteristics during the last 30 years in China. Ecology and Environment, 2009, 18(4) . 1573-1578.

[ 6] Wang X J. System thinking for drought management in Southwest China. China Water Resources, 2010, (7): 11-13.

[ 71 Qiul. China drought highlights future climate threats. Nature, 2010, 465(7295) : 142-143.

[ 8] Stone R. Severe drought puts spotlight on Chinese dams. Science, 2010, 327(5971) ; 1311-1311.

[ 9] Trenberth K E. Conceptual framework for changes of extremes of the hydrological cycle with climate change. Climatic Change, 1999, 42(1) .

http ; //www. ecologica. cn



2884 A E = 334

[10]

(1]

[12
(13
[14
[15
(16
(17

T e T

[18]

[19]
[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]
[30]

[31]

[32]
[33]

[34]

[35]

[36]
[37]

327-339.

Houghton J T, Ding Y, Griggs D J, Noguer M, van der Linden P J, Dai X, Maskell K, Johnson C A. Climate change 2001 ; the scientific basis//
Contribution of Working Group 1 to the Third Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge: Cambridge
University Press, 2001.

Easterling D R, Meehl G A, Parmesan C, Changnon S A, Karl T R, Mearns L. O. Climate extremes: observations, modeling, and impacts.
Science, 2000, 289 (5487) : 2068-2074.

IPCC. Fourth Assessment Report of Working Group III; Summary for Policymakers. Cambridge: Cambridge University Press, 2007.

Wang ' Y. Review on the study of forest litterfall. Advances in Ecology, 1989, 6(2) : 82-89.

Lin B, Liu Q, Wu Y,He H. Advances in the studies of forest litter. Chinese Journal of Ecology, 2004, 23(1) : 60-65.

Peng S L, Liu Q. The dynamics of forest litter and its responses to global warming. ActaEcologicaSinica,2002, 22(9) . 1534-1543.

Ebermayer E. Die gesamteLehre der WaldstreumitRiicksicht auf die chemischeStatik des Waldbaues. Berlin: Julius Springer,1876.

Guo L B, Sims R E H. Litter production and nutrient return in New Zealand eucalypt short rotation forests: implications for land management.
Agriculture, Ecosystems and Environment, 1999, 73(1) . 93-100.

Wei L M, Yu D L, Chen Z R. Study on the dynamic variation of litter falls in Maolan Karst forest. Journal of Nanjing Forestry University; Natural
Science Edition, 2009, 33(3) . 31-34.

Qiu X Z, Xie S C. Studies on the Forest Ecosystem in Ailao Mountains, Yunnan, China. Kunming: Yunnan Science and Technology Press, 1998.
QiJ H, Zhang Y J, Zhang Y P, Liu Y H, Yang Q Y, Song L, Gong H D, Lu Z Y. Water-holding capacity of an evergreen broadleaf forest in
Ailao Mountain and its functions in mitigating the effects of Southwest China drought. ActaEcologicaSinica 2012,32(6) ; 1692-1702.

Qian H Q. The analysis of structure of evergreen broad-leaf forest in Xujiaba region in Ailao mountains//Wu Z Y, Qu Z X, Jiang H Q. Studies on
the Forest Ecosystem in Ailao Mountains Yunnan, China. Kunming: Yunnan Science and Technology Press, 1983.

CERN Science Commission. Protocols for Standard Biological Observation and Measurement in Terrestrial Ecosystems. Beijing: China
Environmental Science Press, 2007.

Zhou Y Y, Tang S H, Zhu Q J, Liu J T, Sun R, Liu S H. Measurement of LAI in Changbai mountains nature reserve and its result. Resources
Science, 2003, 25(6) ; 38-42.

Yang G J, Huang W J, Wang J H, Xing Z R. Inversion of forest leaf area index calculated from multi-source and multi-angle remote sensing data.
Chinese Bulletin of Botany, 2010, 45(5) : 566-578.

Gong HD, Yang G P, Zhang Y P, Liu Y H, Zheng Z, Gan J M. Comparison of leaf area index of four types of plant communities in Ailao
Mountain. Journal of Northeast Forestry University, 2007, 35(3) . 34-36.

Lee K S, Cohen W B, Kennedy R E, Maiersperger T K, Gower S T. Hyperspectral versus multispectral data for estimating leaf area index in four
different biomes. Remote Sensing Environment, 2004, 91(3/4) . 508-520.

Wu W B, Hong T S, Wang X P, Peng W X, Li Z, Zhang W Z. Advance in ground-based LAI measurement methods. Journal of Huazhong
Agricultural University, 2007, 26(2) ; 270-275.

Cameron A J, Nickless G. Use of mosses as collectors of airborne heavy metals near a smelting complex. Water, Air and Soil Pollution, 1977, 7
(1) 117-125.

Trynoski S E, Glime J M. Direction and height of bryophytes on four species of Northern Trees. The Bryologist, 1982, 85(4) : 281-300.

Guo S L, Cao T. Studies on community distribution patterns of epiphytic bryophytes in forest ecosystems in ChangbaiMoutain.
ActaPhytoecologicaSinina, 2000, 24 (4) . 442-450.

Guo S L, Cao T. Studies on relationships of epiphytic bryophytes and environmental factors in forest ecosystems in Changbhai Mountain forest.
ActaEcologricaSinica, 2000, 20(6) : 922-931.

Martin W. Microbial populations of leaf litter in relation to environmental conditions and decomposition. Ecology, 1963, 44(2) :370-377.
Maguire D A. Branch mortality and potential litter fall from Douglas-fir trees in stands of varying density. Forest Ecology and Management, 1994,
70(1/3) : 41-53.

Zhang X P, Wang X P, Zhu B, Zong Z J, Peng C H, Fang J Y. Litter fall production in relation to environmental factors in Northeast China’s
forests. Journal of Plant Ecology, 2008, 32(5) ; 1031-1040.

Liu C J, Carl J W, Bjorrn B, Werner K, Gary Z W, Rongzhou M, Hannu I. Variation in litterfall-climate relationships between coniferous and
broadleaf forests in Eurasia. Global Ecology and Biogeography, 2004, 13(2): 105-114.

Bray J R. Litter production in forests of the world. Advances in Ecological Research, 1964, 2. 101-157.

Clark D A, Brown S, Kichlighter W K, Charmbers J Q, Thomlinson J R, Ni J, Holland E A. Net primary production in tropical forests: an

evaluation and synthesis of existing field data. Ecological Applications,2001, 11(2): 371-384.

http ; //www. ecologica. cn



9 1

fodte A5 VU R X R o L ok i AR 7 4y L e T AR RO R ) 2885

SE Lk

[3]
[5]

[6]
[13]
[14]
[15]
[18]
[19]
[20]

METL, THIF, P, TREMAREIR T NS FRRFER AR M4 SFR, 2010, 34(8) : 898-906.

FEEEE, RS, RIMEAR, ROREE 30 AR TR AR ARG U AR M A 7 S e B LA TR Gy A RRAE. AR ASIREESA, 2009, 18(4)
1573-1578.

FANE. xR T REAE L. REKA, 2010, (7)) 11-13.

TRA. BRI R LRR. ARFIEE, 1989, 6(2) : 82-89.

M, XK, RE, M. FRAREEDPITIERE. A%, 2004, 23(1) : 60-64.

W, XS, BRARIITE W EhES SO RERAR R I, A IS, 2002,22(9) ¢ 1534-1543.

AW, RBH, BRIEC. 22T Ak i i i Sh S 098, maathiol R4 . FARBIART, 2009, 33(3) :31-34.

AR, WHEE. RELFHESREWR. B . sfERHH i, 1998,

fogte, BAIL, sk—T, XIE, k=, Kz, A, BES. WL SR IMMOK IR S5 5 R 2 AR R P9 s T2 e . 2k
AR, 2012, 32(6) : 1692-1702.

Bk, AR IR M DCH Sk AR EE AL 2r B/ ARG, AN, 2. M RIS RGN, B s AL R
1, 1983.

PEASRENRMEREZ 2. M ESRE AWM. 5. o E ISR H M, 2007.

JAFEFE, R, SRR, VL, PMVE, XIRLL K Pl A ARG DX B O A B, 2003, 25(6) ; 38-42.
Wi, OO, a4, TRER. 2182 M R B OB AR B EOT 2. HiPSAR, 2010, 45(5) : 566-578.

JUETE, EY, k—F, XIEHE, FBIE, HER. Rl 4 R REE T RBER R, RIUMlk K24, 2007, 35(3) : 34-36.
AR, AR, TV, s, 2, ROCH. i AE SO I i vk AT A R AR rhoall AR R 2007, 26(2) ¢ 270-275.
SRR, IR K L AR AE S R G B A B SRR I IR A0 A AR AT IT. A AR AR 2E 4z, 2000, 24(4) : 442-450.

SRR, WE. KA LA S RGO A B SR 0 5B OCRMIT. A%, 2000, 20(6) : 922-931.

KB, LI, R, S5HTT, BRE, PR, REARIEEHRMIBRRE Y 7= 5 I m R . YRS, 2008, 32(5) .
1031-1040.

http ; //www. ecologica. cn



ACTA ECOLOGICA SINICA Vol.33,No.9 May,2013( Semimonthly )
CONTENTS

Frontiers and Comprehensive Review

Analysis of subject trends in research on sustainable development ««+---eeeeeeeeeeeneenenns CHA Na, WU Jianguo, YU Runbing (2637)
Metabolic scaling theory and its application in microbial ecology ---«-vseseeeeeeees HE Jizheng, CAO Peng, ZHENG Yuanming (2645)
Research progress on endophyte-promoted plant nitrogen assimilation and metabolism — +«+-eseeeeeeeeeeeniiiai

................................................................................................... YANG Bo, CHEN Yan, LI Xia,et al (2656)
Review on the development of landscape architecture ecology in China ~ «--eeeeeeeeeeeees YU Yijing, MA Jinyi, YUAN Yunjue (2665)

Autecology & Fundamentals
Evaluating tillage practices impacts on soil organic carbon based on least limiting water range «+««-«+osserererreeeriniiiiiii...
.................................................................................... CHEN Xuewen, WANG Nong, SHI Xiuhuan, et al (2676)
Controls over soil organic carbon content in grasslands «+«-ceeeeveeeeees TAO Zhen, CI Dan Langjie, ZHANG Shenghua, et al (2684 )
Antagonistic interactive effects of exogenous calcium ions and parasitic Cuscuta australis on the morphology and structure of
Alternanthera philoxeroides stems ««++eteerereeeeeiieeniiiiiiii . CHE Xiuxia, CHEN Huiping, YAN Qiaodi, et al (2695)
Correlation between pigment content and reflectance spectrum of Phyllostachys pubescens stems during its rapid growth stage «---+-------
.................................................................................... LIU Lin, WANG Yukui, WANG Xingxing, et al (2703)
Response of leaf functional traits and the relationships among them to altitude of Salix dissa in Balang Mountain =~ ++eeeeeeeereeaeennns
................................................................................. FENG Qiuhong, CHENG Ruimei, SHI Zuomin, et al (2712)
Effects of phosphate and organic matter applications on arsenic uptake by and translocation in Isatis indigotica «--+-=s+eeeereeeeeeeenes
.................................................................................... GAO Ningda, GENG Liping, ZHAO Quanli, et al (2719)
Effect of different preys on the predation and prey preference of Orius similis --- ZHANG Changrong, ZHI Junrui, MO Lifeng (2728)
Effects of predation risk on the patterns of functional responses in reed vole foraging — ««ecseeeerererreeeiieiiii
.................................................................................... TAO Shuanglun, YANG Xifu, YAO Xiaoyan, et al (2734)
Phylogenetic analysis of Veneridae ( Mollusca: Bivalvia) based on the mitochondrial cytochrome ¢ oxidase subunit I gene fragment -
........................................................................... CHENG Hanliang, PENG Yongxing, DONG Zhiguo, et al (2744)
Effects of different ecological environments in the laboratory on the covering behavior of the sea urchin Glypiocidaris crenularis «--------
....................................................................................... CHANG Yaqing, LI Yunxia, LUO Shibin, et al (2754)
Population, Community and Ecosystem
The ecosystem services value change in the upper reaches of Ganjiang River Based on RS and GIS ~ «-+eeeerememieeiiiiiniiniiiiin,
.................................................................................... CHEN Meiqiu, ZHAO Baoping, LUO Zhijun, et al (2761)
The reference condition for Eutrophication Indictor in the Yangtze River Estuary and adjacent waters — response variables ««+-+ee-et
................................................................................. ZHENG Binghui, ZHU Yanzhong, LIU Lusan, et al (2768)
The reference condition for eutrophication Indictor in the Yangtze River Estuary and adjacent waters — Causal Variables --+-----ee-etet
.................................................................................... ZHENG Binghui, ZHOU Juan, LIU Lusan, et al (2780)
The stress response of biological communities in China’s Yalu River Estuary and neighboring waters —««««ecteeereererieeaniiniiiiie.
.................................................................................... SONG Lun, WANG Nianbin, YANG Guojun,et al (2790)
Ecological characteristics of macrobenthic communities and its relationships with enviromental factors in Hangzhou Xixi Wetland ------
....................................................................................... LU Qiang, CHEN Huili, SHAO Xiaoyang, et al (2803)
Effects of biological soil crusts on desert soil nematode communities «+-«+++--x---- LIU Yanmei, LI Xinrong, ZHAO Xin, et al (2816)
Associations between weather factors and the spring migration of the horned gall aphid, Schlechtendalia chinensis «+-+v+eeereeeeeeeennes
....................................................................................... LI Yang, YANG Zixiang, CHEN Xiaoming,et al (2825)
Effects of vegetation on soil aggregate stability and organic carbon sequestration in the Ningxia Loess Hilly Region of northwest

(00T T CHENG Man, ZHU Qiulian, LIU Lei, et al (2835)



2944 A E = 33 %

Simulation of the carbon cycle of Larix chinensis forest during 1958 and 2008 at Taibai Mountain, China «-eeseeeeeeeeeeeeeiieiai ..

................................................................................................... LI Liang, HE Xiaojun,HU Lile, et al (2845)
Effects of different disturbances on diversity and biomass of communities in the typical steppe of loess region <+ eeereeeeeeeeeieieiein.e.
....................................................................................... CHEN Furong ,CHENG Jimin,LIU Wei, et al (2856)
Age structure and point pattern of Butula platyphylla in Wulashan Natural Reserve of Inner Mongolia ««-«+evseeerrerereeeneieeeiiinii.e.
.............................................................................. HU Ercha, WANG Xiaojiang, ZHANG Wenjun, et al (2867)
The impacts of the Southwest China drought on the litterfall and leaf area index of an evergreen broadleaf forest on Ailao Mountain ---
.............................................................................. QI Jinhua, ZHANG Yongjiang, ZHANG Yiping, et aln (2877)
Spatial distribution of tree species richness in Xiaodonggou forest region of the Altai Mountains, Northwest China «---eeeeeereeeeeeeennes
................................................................................................ JING Xuehui, CAO Lei, ZANG Runguo (2886)
Landscape, Regional and Global Ecology
The ecological risk assessment of Taihu Lake watershed — «cecoeeeeeeeeeeineieniini.. XU Yan, GAO Junfeng, GUO Jianke (2896)

The value of fixing carbon and releasing oxygen in the Guanzhong-Tianshui economic region using GIS = ++-ereeeerermiieiiiiiiiiin,
................................................................................................ ZHOU Zixiang, LI Jing, FENG Xueming (2907)
Resource and Industrial Ecology
Effect of different controlled-release nitrogen fertilizers on availability of heavy metals in contaminated red soils under waterlogged
CONCILIONS  +++vv e rreerernrmenmenenennenentenereenreenenaeeneeaenenraneneeaenenens LIANG Peijun, XU Chao, WU Qitang, et al (2919)
Research Notes
Effect of heat and high irradiation stress on Degl protease and D1 protein in wheat chloroplasts and the regulating role of salicylic
P ZHENG Jingjing, ZHAO Huijie, HU Weiwei, et al (2930)
The difference of drought impacts on winter wheat leaf area index under different CO, concentration —«««-e-eseeseresseremeiaiiaiiaiie.

............................................................................................. LI Xiaohan, WU Jianjun, LU Aifeng, et al (2936)



(ERFR)2013 £EITBE

CERZER) RH T EBAB AR DS R, T EA RS hEREBAE S5 0 F IR
FCEAEZEAR I, BT 1981 4, H2H A4 A 2E AU ATy B 0 R A BB I AR . RS ARSI, B R
G {5  REE RIS ) KA 2RI TAEE  IRR AR B, A 2 b e I 5 45 dEsc i 7 6, {2
PEAEZS AR GE IR AR | 3R [ 15 35 R s il A 25 2 R A NIRRT A 55 A B R 2R i B ANk B A 55

(HEAS A T2 TG A 25 2 R 450 S 2R 10 B A E Y A0S I 5 0 DR LR BB PR R E SR, Rk
AR S WA AR 282 R R 7 1) W PG 75 25 M SO s DR (8T 40 s A AR Be BT7 WT AR A48 8T 51T
R B RIS A R4

CHER2EA) 2 H A, K 16 FFA%,300 B0, [ N2 4 90 Jo/ M, 44F % f 2160 JT.,

IR & AR . 82-7, AR & AR5 M670

FrfE TS . ISSN 1000-0933 €N 11-2031/Q

S 25 MM SRy B T ST I, Pl B S A Bk R W S, Wl T KRN TR BMIF R | S5 e | 1 43
THAFITT

Eiflidl . 100085 JL AT IE X XUE I 18 %5 H & (010)62941099; 62843362

E-mail; shengtaixuebao@ rcees. ac. c¢n M HE: www. ecologica. cn

FPRERIER KHES HEEMRE fLat HITHRE XIKE B %

4 5 % Wk ACTA ECOLOGICA SINICA
(SHENGTAI XUEBAO)

CEATI 1981 453 A B1F) ('Semimonthly, Started in 1981)

$33E Hol (2013 4F5 H) Vol. 33 No.9 (May, 2013)
4 L= ({ﬁgi&%%&)}éﬁiﬁﬁﬁ Edited by Editorial board of
Sk - U STGE DOULS 18 5 ACTA ECOLOGICA SINICA
Hﬂgﬁ(éﬁﬁ% :100085 Add 18, Shuangqing Street, Haidian , Beijing 100085 , China
HLi : (010)62941099 Tel ; (010)62941099

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

2B SR (IE/N S
F & PERE AR Editor-in-chief WANG Rusong
g DI
IS 2L 2L A upervised by ina Association for Science and Technology
I EAESRERE S S i by Ch for S d Technol
7O
cp [ RS e A A PR IF ST 0 Sponsored by Ecological Society of China
Hihl . b TE X AUE K 18 5 Research Center for Eco-environmental Sciences, CAS
M B 4w i . 100085 Add:18,Shuangqing Street, Haidian , Beijing 100085 , China
H i 4 & I3 it Published by Science Press
Hihk . b AR IR LT 16 5 Add ;16 Donghuangchenggen North Street,
MR B 2wt . 100717 Beijing 100717, China
En Rl AEECIEARE R Printed by Beijing Bei Lin Printing House,
x 1T 4 4 & K i Beijing 100083 , China A
Hitik . AR FEIAR AL 16 5 Distributed by Science Press m o=
Eﬁﬁﬂéﬁﬁ% :100717 Add:16 Donghuangchenggen North g
Eﬁlﬁ 1( QIO ) 6;1334563 Street, Beijing 100717 , China 1 m
-mail ; journal@ cspg. net 0O /]
5w chek Tty S =
EsEIT HEEBRE AR S A Fmatlzjournalt® cspe. net — —O
Hihk jtf?r 399 1'4:—%%‘ Domestic All Local Post Offices in China = 8
M ZIN =} N
H}Bﬂgﬁﬁ% .100044 Foreign China International Book Trading 7,3 o
' ~ s ) ——
ITEgE R o Corporation - N~
R Pis — N
W owr GE LRI 8013 5 Add:P. 0. Box 399 Beijing 100044, China =
ISSN 1000-0933 4= = ey
N IO E RS EIT EN#ENLS 82-7 ESEITRS M670 REfr 90.00 T

CN 11-2031/Q



	01.pdf
	fm.pdf
	zml.pdf

	stxb201202080162.pdf
	03.pdf
	yml.pdf
	09FD.pdf


