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Controls over soil organic carbon content in grasslands
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Quanzhou' , LIU Longhai'
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Abstract: The pedosphere, due to its larger organic carbon storage, higher respiration rate and shorter turnover time in the
carbon exchange with the atmosphere, plays an important role in the processes of global carbon cycle. China’s grasslands
with various types constitute an important part of the global grassland ecological system, which provides ideal test fields for
the study of soil organic carbon content and its variation. Soil organic carbon (SOC) content is controlled by many factors
(such as climate, parent material, vegetation, and soil physicochemical-biological properties ) that have complex
interactions. Primary productivity controlled by the climate influences the formation of soil organic matter, while soil
physicochemical-biological properties are responsible for the decomposition rate of soil organic matter. In this study, we
collected soil samples (n=374) from alpine grassland in the Qinghai-Tibet Plateau and temperate grassland in the Inner
Mongolia Plateau and measured the organic carbon contents, bulk density, texture, moisture, total nitrogen, pH and roots
of these soil samples. Also, we applied stepwise multi-regression models to evaluate the combined effects of soil
environmental factors on SOC content. The results showed that the SOC content in the alpine grassland (20.18 kg C/m”)

was higher than that in the temperate grassland (9. 23 kg C/m’), indicating that SOC contents probably were more
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dominated by soil physicochemical-biological factors. In the study region, there were different relationships between SOC
contents and different soil factors. For example, SOC contents were significantly negatively correlated with soil bulk
density, and significantly positively with moisture, silt contents, roots, total nitrogen and the C/N ratio, respectively. The
correlations of the SOC contents with pH and clay contents were not significant. Total nitrogen, moisture and roots in the
soils were key factors on SOC contents change (top 10 cm) of the grassland ecosystem. The combined contribution of total
soil nitrogen and roots to the variation of SOC contents in the alpine grassland represented 87. 84 % , while it was lower
(75% ) to the variation of SOC contents (top 10 cm) in the temperate grassland. The contribution of soil moisture to the
SOC contents variation in the temperate grassland was up to 33.27% . Therefore, soil moisture was the most important factor
for the SOC variation in the temperate grassland. The C/N ratio in the alpine grassland was significantly higher than that in
the temperate grassland, indicating that slower decomposition of soil organic matter in the alpine grassland resulted from
lower microbial activity.

Responding to the global environmental change, the variation of SOC reservoirs was determined by a combination of
physical processes ( weathering processes, water cycle processes, soil formation processes and biological processes) on the
earth surface and anthropogenic activities. Therefore, it deserves efforts to investigate how the SOC reservoirs of grassland

ecosystems in China, located in sensitively regions to climatic change, will respond to these changes.

Key Words: soil organic carbon; C/N ratio; soil environmental factors; alpine grassland; temperate grassland

P R L ELA R L e 2 v 0 P R e R R e 14 45 R Tl 5 490 J 300 2 o 7 4 BR AR A
R KA CO, WIEAR it R Hp i F B E R . 3 P (soil organic carbon, SOC) fifi i £ 2 i T4
Y C B S T BEE UR - TR R AT L 7E BRI I, SOC MY/K -4 fii B2 S g, B
SOC 75 e R K S NS K5 BRI R MRS (H), 78 XU I SOC #5505 7 1Y 5 R R
TS o FERRI SR X, A 4y i R0 DL 43 A 2 B 38 T ven ot 38 0, ELA AL A3 A B8 m e e 00, T 5 30
SOC # i PR 6 T R- 200 R A R G MoK R Y= A LR 7, HAEY R oK AR A Bk
Wi 00 TR SOC & i, 7RIV Bl N 3 B A W2 Rk (A H IR AR i 25 &K pH fE
MEFICR AN &8RS 50 SOC F A b, H iR 22 TS SoC ERMKER, —Milh
ORI ZH 43 (1 8 IIE A IR SOC 118 8 BRI T B AR - 3845 HILIBT ( SOM ) 43 fifk 1 8 ki > + 358 € iy s
T SOC & fFlH3E C/N H' ") Jobbagy 1 Jackson FIRIFFY & B 5 B 7-%f T 3EE 2 SOC £ i (1952
B, bt SRR R N SRR S X SOC i MR FAEZ Wi R 1R A e R R A BUAR AR A R B
IR R g SOC F i Y TE B /A AR AT, SOC & K ARk 32 R BIAL R AR M IR B B s, 6

SR SOC WA R ) 8 5 PR R S BTk (14 a2 B Ab— ELSR BRARE BT 93 2 G i B2 Im) i, {HLJ2: H T IX — )
FEATY B T A TR | 77330 — b [ R g i ke o] T 4 BR BRI A5 Ak 75 52 SOC 4 2 [ R e e e o TR

] SR B AR A S R G AR BRI L, I AR RS R R SOC & B 7E
FEFRAE T ARG . TR E FR SOC fif i M H A 8] 0 A W98 MU A0 £, (R f TR 5% vk Al e B+ 08
FIERE A —, RS R Z AR R 20 R b - R 5E X 7R SOC & it AR
PR R 8 /20

AR AE T TR B DR 2 R R I 23 A ASIRI BT IR OR 4R 374 A RS, AL S5, PRt
A TR E AR R R SOC Y&, BRI SOC S AR iy el [N 1, g e BRERAE PR 58 F 3k [ 5
JE A5 R G T RELE T & SRR B
1 M#REFE

Wt AR A SRS, T 2009 47 8—9 H 7Tk [ P4 5% vl o I Ay Ty B0 DA (G g B e S LR
R i) DA ) RIS G e D ) ey S D5 (A 4 v U vy FE ) ) R 23 ARV AR ML (R 1), 7RISR b

http ; //www. ecologica. cn



2686 A E = 33 %

A 3 ARV IR A i -, R B A2 RS, BIZE 0—30(20) em ,30—80 cm Fil 80—
100 cm [A]ARAEBE 53514 2 em (10 em #1120 em, RAEREEN 1m S0 R BETZE , SOFRE M 374 4, &
AR E R 1.5—2.0 kg,

R ST 4 Oy BUL A 1 AR 2 mm 0, BEMARKTF 2 mm B8R4, H 10% bR
FEAT RN, BRISHRIRER , SR)5 H Vario EL IS 1502 /W (18 Elementar 23w 2E ™) i SOC Hl+3E 84
(STN) & (TR < 0.3% ) 5 K5 - 3ERE S BR 2R EL A MBS , F Mastersizer 2000 FURLEE /3BT 42 (2
Malvern 23 ) Az 7) 53 A R HERPRLEE LI (3BTRS E N + 1% ) 5 IR BETHIN & -3 pH & ; HIT00 & 3R
ZRE S A SR AR IR FE R H e HOTE , i 1 mm IR R, BRI A EANLE, 1565 C
M EEE, T HERASE(TRASKTEMWEZ G/ . HEHEIRT] (100 em®) REMFE S TE
105 CHET A E, FHHLFRT(d=0.0000g) EFK 3 UK, T A M 3K E

BE b5y by

WFFEIX SOC & R A ZEEMR R A3 (1) P4,

1-C,
. 10 )

X, TSOC \BD, .C,.T, Fl C,,, #AlRERFITIX SOC it (kg C/m’) \ HHEEE (g/em’) AP E /37
(%) IR (em) 12 mm DL EHARFTE 40 & &

N Pearson A& SOC 43R FUREI R 75 F TRV FBES SOC SR ER B &M, %
JEE] e A YR R T (3K A B AR AR EVEUR pH ESE) [ fEAE L2k M | R £ 008 A [mE 437
PRITHLE SOC 7t 25 ] 23 A i 42 il 28 6

BT A A H A iR SPSS17. 0 B F5E A,

2 #R
2.1 R A AR 5 ) T A S H s

o P BRI R SOC B 22t 1351 Il /0 A ¥ R B0 R 865 12 SoC Hr B Em T 12, MR
SOC & i Y KA RAE 6—10 em IREE, SRS BETREERS N SOC & B sz, 20 em PAR SOC 7 i B TR BE
AL, AT R SOC % i KA BAESRZ (2 em TREE, S 12 S RAEH BAE 4 em IRE) , K5
BEVRBERE N SOC 2 Wi/, 30—40 em LLF SOC &R R AR L AR I i, BFTIX SOC 5 18t i 1) 1 40 A1
SRAMEE A,

1o FE R 5 IR LR SOC & AR AR X)X N 25 5, = ZERLJEF-34 SOC 1 (20. 18 kg C/m®) & I #E
JEEH) SOC 54 (9. 23 kg C/m*) B 2 524 (181 1)

WFFEIX G FE R SOC $E3TL T Fang 2517 (21. 4 kg C/m*) FIEARLEZ (20,9 kg C/m?) UM REAE, &

&2 50 -

TSOC = 3, BD, x C, x T, x
=1

Yang %/(6.5 kg C/m*) WFEAAG 3 52, WATRIR 5 2
SOC 5 it 2 3T T Wk B35 %60 a9 £ 50 (10. 2 kg 22"
C/m?), BT Yang Z°7(6.63 kg C/m*) 318 . ﬂﬂﬂ zz
FRGE ARG AR SOC 4 BRI 25
IARRLIE RS 3 452, I ROERIRIRE IS 2 1) SOC ot % |
MR EMIAR YO (B 1) . BRI RLJE (14,30 kg C/m?) >
HAIEEJE (11,92 kg C/m’) >SHARFJFE (5. 72 kg C/m*) > &
Fi R (4.77 kg C/m?) HLJ5 EHE Grasslands
2.2 HHEAHUR A RS B YRR TR OE &R 1 FARSRIEENBEENES

M 374 A~ H3ERE LAY SOC &= MBR LA Y241, Fig.1 The content differences of soil organic carbon during
BHFEIX SOC P it HIEIEYIR FATCHE ), ifferent srasstands

http ; //www. ecologica. cn



2687

A B ST HILA 4 R

b it

9 1

snyndoq 71 (ndumoosovw +f) “wpugd smugp) ) [y (wnason wnoiil ) ZZ\[s * (PUDISLa1S DISTWDLY ) B E Y N (Synwon ppmuatod ) R A F FFH (spupid ndng ) A (vpr5uy vIswalLy ) el r

(vupipranp

(msoLombs

50U25075197) ) oyt (ppdnd pdug ) & |4~ (sisuounyd snwdary ) gl (alysoy mzuowapy ndng ) <G\~ (snuwpo wmipymuayLly ) i ZZ 5 (9020001g ) (i) IT1 (soonm.f vioydisn(y ) fYHEL * (synuny
Ds21qoy ) e el g~ (vomaqu visasqoy ) g il g~ (vovwFAd pisalqoy ) g B[, N (1pav]jeq vIsaiqoy ) g LTI el (mifosioow xouy) ) gy EL N (visauqoy ) gyt N (voumdind vdug ) L (4% 3 P [ IELH I B ch Y

81 T b 0L »ﬂ%wﬁ*m e T 98 T 9.9 °6T,8€.911 NS th,01.Sp 09 €2
S EN

Sl T Fhd W Wonl o ceel MM 1S 65050911 NS 0%, 0ot 0¢ (44

44 Faa Fhd et Wi W g€l YA TS PE 67911 N8 SS, 6.6 001 Ic

0T Fansy T A MY €8€l THEENZ  1,€ 9187911 N,O 9S,0€.€F 001 0T

(44 R A T e 06 B Wbl T8€T HE N Z T8 VE87o9IT N9 LS,6ToEF 001 61

(4 i b EHTTH Ll wk WA 6CCl MG 0SS TE6LIIT  Nub LS, EEoEF 001 81

61 T Thd 06 LY W 8LIT MY AT OLEEIIT  NuS €T, TEEY 0L L1

1C T ans Thd 6 g R 65Tl WHE  1.6°€TO0POTT  NuT 60,€€0EF 001 91

€1 T TFhd $6 dek W ssTl M L8 0E0vo91T N.T 60,E€.EF 001 S1

St T any Thd 0L B &R Rk o R 1611 TA .8 8%,81oSTT  N.E TS €SoEY 0¢ il pue[sseis
91 T TFhda oL MBI ek W 6911 WA AT P190oSTT  Nub¥ St,6S0Eh o €1 arerodud ],
81 Iy b3y R R E (s YU 8LII X% A8 17 Sro€Il  Nub +1,0S0EF 0¢ 4! M
0T Iy kg F e lTrie 6 s [ T0TE WH% 1.0 €S,816101 N8 9%,9€0LE 06 11

0T Itk F e i ALY Wi T0ce X%  1.0°€S,816101 N8 9%,9€0LE 001 o1

0T Iy kg F e lTrie 06 WHT W ocee Wl d.6°LS, 610101 NS 6€,6€0LE 001 6

€1 @MW% T [ g T 06 ke e M 08vy b LT EL61.76 Nu8 Sh.8EolE o 8

4 I F g st 08 T s ¥ wmhﬁw H6 11 LYo16 NuL'TELIoIE 0¢ L

I T b F e gRm 08 BEEL 1M WH#H 8y FIMWMFAT  L8710,0616 Nub 6F,Lyo0€ 0T 9

9 Mt Ty Emin 06 W R R R g 9E9y MEHE Al Lh€S16  Nu8 TUYEIE 0€ S

4l vt M 32 A i 0L B/ ¥(m  Se6v  EMWIMHAY  L8°16,10006 Nu6 StiLlo1€ 0€ v

Sl I A FHgmi 08 i W 8leh  BHAMIMHT  L.81S5,10:06 Nub6 ST.LIoIE oL € pue[ssesd
€l s Y T T 09 WS W 0ty WHHIWMYM  WTLE00:06 NI 6€,SToIE oy z oudry
I V452 a2 at<k e F i 1t ov ZRENIE 2 (i ocLy MMWMEAT €T T6LT0:06 Nul STETIE §C ! gt
sIaqunu 9% /3319400 JO satoads sadfy uorRI0| sadfy
a[dweg [eroIe usred soddy rog ag8euanIe g 9ATONIISUOY) uonejado \ w/epnmiy o18o7oydiowoany N0 mpdoq oquny pue[sseic)
T wh BEET wwm TEE == T B WERE SN s

s9)1s Surjdures 3y} Jo SIOBILYD [BJUIWUOIIAUD PUE UONEIO] Y], T d[qel,

HHETVEMME 12

http ; //www. ecologica. cn



B
4

2688 *+ Eild 33 %

2.2.1 HHEMAMERS SOC FRMLER
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Fig.2 Relationships between soil environmental factors and soil organic carbon content
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Fig.3 Relationships between measured soil organic carbon content and calculated soil organic carbon content within study area

BN e H A P X SOC AR (RS2 I, R (2) F1(3) H4$ T30 (B 0 4 LB AT A SoC
P, BPAS BRI L Y 1 SR8 1 X SOC F i AR Pk (4 Tk, A v JE B i - BEIR 8 [ 1 X SOC 5 i
(10 em) 24K DTHRAE 87. 84 % 5 il HL ) T HEIA BT I +-%F SOC &1 (10 em ) 2 ALY TTRRAE 75. 00% . #8758
T R R SOC B i AR A A2 AR PR 7 (5 B0 i s ik ) B il K (25. 00% ) o i £ 1fil BFF-%F SOC 7 &=
(10 em) 2L STRRATAE X 22 5 (& 4) . 120 STN Xt SOC & A8 b iy Sk K, 3Bl 63. 59% (1 FE
JEO) F 34 12% (HHFRR) 5 3K MR SR SOC SRk iyss — il , Hxt soC &2tk skl
33.27% , REXEFERH SOC E i TR (24. 25% ) SRR B R (7. 62% ) 9 3 £i52, i HLREG 8 iR &
XF SOC & H Y BTHRIE B, 1120 em BRAL, S FE B EAR R 4T SOC E A DTk R 11.27% , i B AU
2.98%

http ; //www. ecologica. cn



2690 A E = 33 %
3 itie B
3.1 RIRIBEJE S LR A i ol PR 22 ol O AR
R

SOC EZR TR 519 BUE PR PR 50 0
Y1, A TR AR B 1R, 5 SOC BB &

45 |

TR
Contribution/%

Bl ORI T (RSO REEEAR, — | D

T, G AR s 2 W AT B R 1 2 7 1 A T Br ’—%
Vs E IR C OB S — T, AR AR P 5 s 3 O e ———
TR A3 RN BE S5 (2 5% W S0 A ) %ok A BILE 140 4 ot TR i 41 10 TR T

Soil environmental factors

FE SOC HyHi i o 76T 5 2T 55 I iy 200 S5 KA 7K Gl b 185

VI E PR BTl T SOC py B3 SR EE @ L gk B4 TEREE T S0C FRAMMKIHAE S (10cm)
ﬁ(ﬁz%%%ﬂ; H;JH,IOJ , ﬁ%ﬂ)ﬁ ’/M‘E?ﬁ EEF': jj[32-34] ﬁiﬁ%‘a SOC Fig. 4 Contribution of soil environmental factors to soil
TR TR >, M, 2 85 96 25y T XAy e carbom contene (10em)

KRR 2 SOC B SR BE IEAH 231 [ A2 M85 B 5 | 3 0 T 1) A 4 b A PR 2 )
2y, AR A Wy S A 2 A ARl — A= 03 9 SOC S AR (b Y K™ IRE S B R FAE S RS A YR R R
253.37 g C/m’) BARBE (P=0.01) & T BE A AR I 8 (383. 01 g C/m*"®)) | {H 2R FERLF Y SOC 7 &
(20.18 kg C/m®) Al il B FUAHNAE (9. 23 kg C/m®) Y 2 52 (&1 1), —EUT 425K SOC I fr it 5594
PR 2 I R AR U M AEIE . XS R T R SRR A TV A A A A R T R R R A S R ST
BRI BRI (10 H—4 A) K SIRIRES I R HK DL S5t Wi sh s 55 R & 1 9 30 SOM. 43
f kR AE T BAIAY SOC By B (A5 s JE 5 I SOC S B K A K A i 35 A e 3 5 RO 2 R /K A
FEBE RIS SOC i 75 980 iy JFUIE M 7 ZE J Y SOC S0 11,43 kgC/m?, AN 98 s R AR b i v E
fIFJE SOC i (43.51 kgC/m*) 1 1/4 (B 1) o XS H1 T 75 98 0 J AR G 30 vy 2R i i) e Ji 7 RS VT 45 b I
Ui, AT L K 3 U, 32 2 IR B AR 2 WK, (Ao i S R ) R R R 0 A 77 1 (329. 74 oC/m?) 3
BT R FERJF(177.00 ¢C/m™°), P=0.000) Fr 330, a7 w5 [R5 2670 SOC & & (1) 22 5t &l Tk
23 (8] 5347 25 52 BRI R AE = AR TS, BAR, BFT XS R B AR 28 R G N SOC 7 it 19 A8 1k 32 il F 1%
K FEME R E Y C AR L, FERL BT S SR R e R R AEARAS AR S LR, 7R3/
REE I, SOC 7t S HAR S 38 37 iy S50 5B A7 e H 1 mi ) = 8K A3 FC A 52, ange | #Esb 3 (47 T LU RE ) Fn 2
(R Tk ), SOC & H4r51%9 12.00 kg C/m? F13.33 kg C/m’,

3.2 HIEMREEHERXS SOC 7 150

3.2.1  HHOKS AEXSOC FafEH]

HHOK S FER T RAMK, 78X IR - 5K 438 a5 ma A A 7= 1 SOC 43 R 45 il SOC
PP R IXOR ] R R 4% 2 SOC i 5 R HEK AR B IEASE (P =0.000, &2), HHALMF
FEAER—F 20 (BRI R I AR R A AT SOC BIBLER, XS R T o eI B AR — i b
RPN 5 55— A AAR R AL & J , 38 e v i S 7 TR, i 4h, RIOKA SR ARk i
S M)~ S8 P 300 37 1 7T M 2 P T S TR T RS, 40 Wang SFAIFSEAE T SOM Jpfiff i 8 Fifi 138 /K 3
BRI I, B B A R M 1k, SRS SBE 3K AR ARSI D 0 SR 2 K A3
ARA N - SR A S R AR 2R 0 TG SR A A /NRE DK 3 A ST IR (R ik AR L IR, R HEK
TrEAREXS SOC & E MR A BRI, AT iR 5 1K 3% SOC & & BTkl 33.27% ., #E +
BRI R RA S R 5 SOC SR EEEFIEREZ —,

RS R R PHIX SOC & 5 HIEAHE B E ARDC, HmER SOC & & 5 2 H M 5 ¢ R AU
KCE2) o PR R 28 B J - 4 al - b B b AR Rk 2 AR E S5, Rl I VE R s i 45 - Ay
WaRZ, EvEs s, AR TAERZBIG; EFFE SOC & & 5AE A MRS, Tt TR

http ; //www. ecologica. cn



9 1 PR UL A5 R A MR 5 i A A R 2691

WHRL R LI Z DIAD b R BUR B i L5, AR, AR TR RN T AKMEER, AEXT SOC FER
AR, F A TENLHIA FFE— 24T,
3.2.2  HHEFHLXT SOC & 15

Z I Y A AR 2 %) I B AR A R g, (BRI 2P C RS T B 6 SOM BT i
FRARZMA , K IE 1 38 ol n FUR R 43 (0 384 0 — 5 T 38 3 oA 2% SRR ) R 20 52 i A 0 0 0 A 7 e R
ANy S — T T A W BREE R ] SOM. A4, R, SOC &t Al R 5 e s s AR o6, + 3%
A IE A3 W AR AR AR T RERZ B AT SOM 23 J8iZ8 SOC BB R ik /b SOC ik 2k 1 554 & i soC &
B0 MRS B I eT A AR, SRR A T R ke 7 R SOC AL
I, SOC & ik B R R RE 5 2 (3G I 3G, A o8 25 5 WoR, & R X 3 i 5 SOC & 51156
RATEX B2 R, AR SOC & it 5 - Bt i B 2 IEAHOC (P < 0.001) 5 i 2E KL SOC & 5 Mki
R EMIC(P=0.000) , SHARIAHCHEARE(P=0.075, El2). XnaeRm FaERRLRER
G KRR A AR R
3.2.3 HIERA pHHS SOC HEMKR

e m  RAE N E A YA T A ) iR BRI R, PESEIX SOC i 5 STN M W IEAH G (P =
0.000, & 2), [EIH4H15H STN EHF5EIX SOC & AR LAY 3= s il 2R (— 30T /M B g3 45 51
WAESE T3 — 5, ROCE SR A S RGBT e, R30S N A S A CE g A= 1, T
HEEAEH SOC By o ff i, Mot BH, H3h B IRH 0 B ASA SR m 1) C /N ELnl i SOC 973 %
RZE NI 8 soC BUR, Fk, +4E C/N ELRTVEN SOM fil A= # 43fi F B2 (AR AR B 1 B9 IX 1 9
B RO SOC i KRR SR SOC S il 2 54247, X2 i T 1 28 5 5 - S Al Ak W 16 e 1R (5
FERL IR C/N L S TR S AR DA ) B SOM 73 i A S8 I 25 31, X — 4518 il ABF9E IX
TR R R AL (87 C) s IRl AR Ak . v FE R - 31735 87 C ([ P38 87 C = (-24.5420.74) %o, n=
47 W E /N TIRAR B R AR N E [ SE1 8 C =(-23.93 £ 0.66) %0, n=93, P=0.000 15 AIESE, H4bh, STN
Er AR, IRAT R SOC S T JE B SOC Frar (K 2) , XATfEEH TR B AR ARG K &
SRR T LN RAa Rt iR v A KT AR A R AR YR C AR Z LS R, STN
ZE 5 I SOC 7 123 0] S BT PEML A itk — 2P 35,

UEAk, IR WA TG RIS 52 145 pH (ERYHI 2, 35 pH (Eid 7 (8. 5) B IR (<5. 5) Ab il A4
ARG S NIME SOC Al TR AHFIT s K 20k i pH (H254E T 6.36—8.50 Z[0], HA 1/5 #4fh
(LA T 30—40 em Ab) B9 pH {E>8. 5, IR HLE SOC &5 pH HEI N A KM (P=0.000) , =255
TR (P=0.13) . WF5EIX 3 pH {E0YTE B A BEVR B N, 28 30—40 em KB KMH, 45
TNHL - TP IR TEFRIREE
3.2.4 AR5 s0C &#

PR LR R X SOC 19738 BTk & % i b b PR 7% 90100 1. 8 A5, “F- 3458 B i i) 2ok [ P& M i 2. 4
520 RS RGOCAER= Y EZ N T R34y, s AYE (RR) &S EYERERN 90% &
AN RONEE SOC 9 FE SRR ) REH SOC Fi S H AR R SR W B F FEAE(P=0.000, K
2), JNUESEHE R A e R R R e AR P A i A AR 2E R AR R X SOoC & &Y BTk
(24.25% , 10 cm) /& T F R AAHRNAEL (7. 62% ) , SRR FER R TE 0—10 cm 5310 ( 1 EBR R 60%
PLb) TR R (O BR R 55% ) —EL,

WA e i R JE IR Bl SOC B AR A A4 il IR 720 (S SOC fif s i/F B8 K2 il T SOC 4fie il
AR EER T BEE KR CO, WREEIE, MM C/N HeRT e ETF, SRR C/N Holid— & 58Ul
i, SOC MF fhid P2 N BB IR AN R 1M 32 20400 0[] A 40 5% A v 8 Ak & 9 1 T, o 3 30
SOC MM R S AR, KA CO, WRERSMEMR R Co, w3, 3 1 %A Pt ng , fi

http ; //www. ecologica. cn



2692 A E = 334

RS RS AR TR S, PRI S0 SOC AIBE M . pbAh, ad i A KRR IR R
+ Bt Y TR, i A R TR T B R A D | ) T PR R AR | RN R e,
S5 soC B

BEAG BRI AR, 3 SOC R AR LI e T Hh 2 SR ( WLt B KOG | 300 RN 3% 20 1
AW RS ) AR S AR L, BRI, 3 TS0 A8 A SRR b X 1) v R AR 25 2R 8 SOC JZE ] iy 3¢ #6745
e E— 2T
4 #ig

SOC I W-73fif 52 /M AR BRI  AJ RAL AE 2 P o (3 bl RS W% pH (IR R ) FH T
FILEA R, Ho ) SAGAERE IR T 400 9 2 P2 i SOC T Rk =B s ikl N 1, S B4k A 2 v o s o
% SOC oM TR, FEARFRFEFEABRRS SOC &R K 2E 2 IR SOC & = B4 3 K H#h 32 1 57
YA 2, BR SOC Frig 545 HHEM LA W= N F I AR R HAFFE 22 5. RHERI 4% )2 Soc
TREFEDFEOME, SHESKE R AE RESE BASTEM C/N REFIEMK, 518 pH (A
T, SRR S RIEAIC RFEHFEREIR SOC &5 pH A Gk SCE LK 5 R 5 1Y TE AR A7 A
ZE5,

HHEBASE B AKE AR RS RREIRE TR SOC & (10 em) AL sl N 7, 38 AU
HRZ X FE R SOC S (10 em) ZBALIILE S BTk 87. 84 % , 13 MR & i 03 5 /K B IR 28 %o T
J SOC 1 (10 em) ZELIYZEA TTMRN 75.00% , 33 50 502 B AR 22 0 501 % v ZE /1R SOC 24 (10 em) A8
ALY BTHRIS K F XA B SOC & 8 (10 em) AR AL ) 5Tk, 587K 43 % A 5 SOC & & 1) 51 ik 35
33.27% . (R FERE A C/N H 35 TR RS S A AR N AL, H8 7 i s L v FE R SOML i b 2%
18 B T SRR WS M A T B

b5 Bk AAAR L, 4 SOC R AR L T 1% A SR A ( WUR I 72 KAEIR | 38T RN 3% 40 1
AW RS ) T SSIE S AR LR AR . R, 37 T/ M A8 Al Aot IX %y o [ B S A 25 AR 48 SOC T i g
X SEAR A E AR HE— 25T

References :

[ 1] Raich J W, Potter C S. Global patterns of carbon dioxide emissions from soils. Global Biogeochemical Cycles, 1995, 9(1) . 23-36.

[ 2] Trumbore S E, Chadwick O A, Amundson R. Rapid exchange between soil carbon and atmospheric carbon dioxide driven by temperature change.
Science, 1996, 272(5260) : 393-396.

[ 3] Amundson R. The carbon budget in soils. Annual Review of Earth and Planetary Sciences, 2001, 29 535-562.

[ 4] Jobbagy E G, Jackson R B. The vertical distribution of soil organic carbon and its relation to climate and vegetation. Ecological Applications,
2000, 10(2) ; 423-436.

[ 5] Schlesinger W H. Carbon balance in terrestrial detritus. Annual Review of Ecology and Systematics, 1977, 8. 51-81.

[ 6] Oades J] M. The retention of organic matter in soils. Biogeochemistry, 1988, 5(1) : 33-70.

[ 7] SalaOE, Parton W J, Joyce L A, Lauenroth W K. Primary production of the central grassland region of the United States. Ecology, 1988, 69
(1) 40-45.

[ 8] Amundson R G, Chadwick O A, Sowers ] M. A comparison of soil climate and biological activity along an elevational gradient in the eastern Mojave
Desert. Oecologia, 1989, 80(3) : 395-400.

[9] MaWH, Fang J Y, Yang Y H, Mohammat A. Biomass carbon stocks and their changes in northern China’s grasslands during 1982—2006.
Science China-Life Sciences, 2010, 53(7) : 841-850.

[10] Burke I C, Yonker C M, Parton W J, Cole C V, Flach K, Schimel D S. Texture, climate, and cultivation effects on soil organic matter content in
U. S. Grassland soils. Soil Science Society of America Journal, 1989, 53(3) . 800-805.

[11] Wynn J G, Bird M I, Vallen L, Grand-Clement E, Carter J, Berry S L. Continental-scale measurement of the soil organic carbon pool with
climatic, edaphic, and biotic controls. Global Biogeochemical Cycles, 2006, 20: GB1007, doi: 10.1029/2005GB002576.

[12] Schimel D, Stillwell M A, Woodmansee R G. Biogeochemistry of C, N, and P in a soil catena of the shortgrass steppe. Ecology, 1985, 66(1) .
276-282.

[13] Tao Z, Shen CD, Gao QZ, Sun Y M, Yi W X, Li Y N. Soil organic carbon storage and vertical distribution of alpine meadow on the Tibetan

http ; //www. ecologica. cn



9 1

PR UL A5 R A MR 5 i A A R 2693

[14]
[15]

[16
[17
[18
[19

[20]

[21]
[22]

[23]
[24]

[25]

[26]

[27]

[34]
[35]

[36]
[37]

[38]

[39]

[40]

[41]

[42]

[43]

Plateau. Acta Geographica Sinica, 2006, 61(7) : 720-728.

Chen Z Z, Wang S P. Typical Grassland Ecosystem in China. Beijing: Science Press, 2000.

Yang Y H, FangJ Y, Ma W H, Smith, Mohammat A, Wang S P, Wang W. Soil carbon stock and its changes in northern China’s grasslands from
1980s to 2000s. Global Change Biology, 2010, 16(11) : 3036-3047.

Fang J Y, Liu G H, Xu S L. Soil carbon pool in China and its global significance. Journal of Environmental Sciences, 1996, 8(2) : 249-254.
Ni J. Carbon storage in grasslands of China. Journal of Arid Environments, 2002, 50(2) : 205-218.

Li KR, Wang S Q, Cao M K. Vegetation and soil carbon storage in China. Science in China Series D, 2004, 47(1) . 49-57.

Xie Z B, Zhu J G, Liu G, Cadisch G, Hasegawa T, Chen C M, Sun H F, Tang H'Y, Zeng Q. Soil organic carbon stocks in China and changes
from 1980s to 2000s. Global Change Biology, 2007, 13(9) : 1989-2007.

Yang Y H, Mohammat A, Feng J M, Zhou R, Fang J Y. Storage, patterns and environmental controls of soil organic carbon in China.
Biogeochemistry, 2007, 84(2);: 131-141.

Chinese Academy of Sciences. Vegetation Atlas of China. Beijing: Science Press, 2001.

Institute of Soil Science, Chinese Academy of Sciences. Physico-chemical Analysis of Soils. Shanghai: Shanghai Science and Technology Press,
1978 . 142-512.

Post W M, Emanuel W R, Zinke P J, Stangenberger A G. Soil carbon pools and world life zones. Nature, 1982, 298 (5870) : 156-159.

Wang G X, Qian J, Cheng G D, Lai Y M. Soil organic carbon pool of grassland soils on the Qinghai-Tibetan Plateau and its global implication.
Science of the Total Environment, 2002, 291(1/3) . 207-217.

Yang Y H, Fang J Y, Tang Y H, Ji C J, Zheng C Y, He J S, Zhu B. Storage, patterns and controls of soil organic carbon in the Tibetan
grasslands. Global Change Biology, 2008, 14(7) : 1592-1599.

Chen Q M, Wang S Q, Yu G R. Spatial characteristics of soil organic carbon and nitrogen in Inner Mongolia. Chinese Journal of Applied Ecology,
2003, 14(5) : 699-704.

He Z B, Zhao W Z, Liu H, Su Y Z. Characteristic of Picea crassifolia forest soil organic carbon and relationship with environment factors in the
Qilian Mountain. Acta Ecologica Sinica, 2006, 26(8) . 2572-2577.

Wu X G, GuoJ P, Yang X Y, Tian X P. Soil organic carbon storage and profile inventory in the different vegetation types of Luya Mountain. Acta
Ecologica Sinica, 2011, 31(11) : 3009-3019.

Geng Z C, Jiang L, Li S S, She D, Hou L. Profile distribution of organic carbon and nitrogen in major soil types in the middle of Qilian
Mountains. Chinese Journal of Applied Ecology, 2011, 22(3) : 665-672.

Davidson E A, Trumbore S E, Amundson R. Soil warming and organic carbon content. Nature, 2000, 408 (6814 ) ;. 789-790.

Callesen I, Liski J, Raulund-Rasmussen K, Olsson M T, Tau-Strand L, Vesterdal L., Westman C J. Soil carbon stores in Nordic well-drained
forest soils-relationships with climate and texture class. Global Change Biology, 2003, 9(3) : 358-370.

Epstein H E, Lauenroth W K, Burke I C. Effects of temperature and soil texture on ANPP in the U. S. Great Plains. Ecology, 1997, 78(8) .
2628-2631.

Ma W H, Yang Y H, He J S, Hui Z, Fang J Y. Above- and below-ground biomass in relation to environmental factors in temperate grasslands,
Inner Mongolia. Science in China Series C, 2008, 51(3) : 263-270.

Yang Y H, Fang J Y, Pan Y D, Ji C J. Aboveground biomass in Tibetan grasslands. Journal of Arid Environments, 2009, 73(1) . 91-95.
Kato T, Tang Y H, Gu S, Hirota M, Du MY, Li Y N, Zhao X Q. Temperature and biomass influences on interannual changes in CO, exchange in
an alpine meadow on the Qinghai-Tibetan Plateau. Global Change Biology, 2006, 12(7) . 1285-1298.

Batjes N H. Total carbon and nitrogen in soils of the world. European Journal of Soil Science, 1996, 47(2) . 151-163.

Tao Z, Shen CD, Gao QZ, Sun Y M, Yi W X, Li Y N. Soil organic carbon storage and soil CO, flux in the alpine meadow ecosystem. Science in
China (Series D: Earth Sciences) , 2007, 50(7) : 1103-1114.

Yang Y H, FangJ Y, Ma W H, Guo D L., Mohammat A. Large-scale pattern of biomass partitioning across China’s grasslands. Global Ecology and
Biogeography, 2009, 19(2) ; 268-277.

Wang Y, Amundson R, Niu X F. Seasonal and altitudinal variation in decomposition of soil organic matter inferred from radiocarbon measurements
of soil CO, flux. Global Biogeochemical Cycles, 2000, 14(1): 199-211.

Fu H, Chen Y M, Wang Y R, Wan C G. Organic carbon content in major grassland types in Alex, Inner Mongolia. Acta Ecologica Sinica, 2004,
24(3) . 469-470.

Gansert D. Root respiration and its importance for the carbon balance of beech saplings ( Fagus sylvatica L. ) in a montane beech forest. Plant and
Soil, 1994, 167(1) . 109-119.

Chen Q S, Li L H, Han X G, Yan Z D. Effects of water content on soil respiration and the mechanisms. Acta Ecologica Sinica, 2003, 23(5) .
972-978.

Wang L, Ouyang H, Zhou C P, Zhang ', Song M H, Tian Y Q. Soil organic matter dynamics along a vertical vegetation gradient in the Gongga
Mountain on the Tibetan Plateau. Journal of Integrative Plant Biology, 2005, 47(4) . 411-420.

http ; //www. ecologica. cn



2694 A E = 334

[44] LiSJ, QiuLP, Zhang X C. Mineralization of soil organic carbon and its relations with soil physical and chemical properties on the Loess Plateau.
Acta Ecologica Sinica, 2010, 30(5) : 1217-1226.

[45] Michael Z, Roland Z, Bruno G. A 240,000-year stable carbon and nitrogen isotope record from a loess-like palacosol sequence in the Tumara
Valley, Northeast Siberia. Chemical Geology, 2007, 242(3/4) . 307-318.

[46] Aerts R. Climate, leaf litter chemistry and leaf litter decomposition in terrestrial ecosystems: a triangular relationship. Olkos, 1997, 79(3) .
439-449.

[47] LuoY Q, WanS Q, Hui D F, Wallace L L. Acclimatization of soil respiration to warming in a tall grass prairie. Nature, 2001, 413(6956) ; 622-
625.

[48] Melillo J] M, Steudler P A, Aber J D, Newkirk K, Lux H, Bowles I P, Catricala C, Magill A, Ahrens T, Morrisseau S. Soil warming and carbon
cycle feedbacks to the climate system. Science, 2002, 298 (5601) : 2173-2176.

[49] Zhang P, Zhang T, Chen N L. Vertical distribution patterns of soil organic carbon and total nitrogen and related affecting factors along northern
slope of Qilian Mountains. Chinese Journal of Applied Ecology, 2009, 20(3) . 518-524.

[50] Rasse D P, Rumpe I C, Dignac M F. Is soil carbon mostly root carbon? Mechanisms for a specific stabilisation. Plant and Soil , 2005, 269(1/2) :
341-356.

[51] Reeder J D, Schuman G E. Influence of livestock grazing on C sequestration in semi-arid mixed-grass and short-grass rangelands. Environmental
Pollution, 2002, 116(3) ; 457-463.

[52] Boone R D, Nadelhoffer K J, Canary J D, Kaye J P. Roots exert a strong influence on the temperature sensitivity of soil respiration. Nature, 1998,
396(6711) ; 570-572.

[53] Scurlock J M O, Hall D O. The global carbon sink: a grassland perspective. Global Change Biology, 1998, 4(2) : 229-233.

[54] Mokany K, Raison R J, Prokushkin A S. Critical analysis of root; shoot ratios in terrestrial biomes. Global Change Biology, 2006, 11(1) ; 84-96.

[55] Yang H'S, Yuan Y G, Zhang Q, Tang J J, Liu Y, Chen X. Changes in soil organic carbon, total nitrogen, and abundance of arbuscular
mycorrhizal fungi along a large-scale aridity gradient. Catena, 2011, 87(1): 70-77.

[56] Zhang L B, Cao HF, GaoJ X, Shu J M. Effect of plant changes induced by elevated atmospheric CO, on soil Biota. Chinese Journal of Ecology,
1998, 17(4): 33-38.

[57] Wang X F, Bai KZ, Kuang T Y. Responses of plant dark respiration to doubled CO, concentration. Acta Botanica Sinica, 1997, 9(9) : 849-854.

[58] Deforest J L, Zak D R, Pregitzerc K S, Burton A J. Atmospheric nitrate deposition and the microbial degradation of cellobiose and vanillin in a
northern hardwood forest. Soil Biology and Biochemistry, 2004, 36(6) : 965-971.

[59] Deforest J L, Zak D R, Pregitzerc K S, Burton A J. Atmospheric nitrate deposition, microbial community composition, and enzyme activity in
Northern Hardwood forests. Soil Science Society America, 2004, 68(1) : 132-138.

B2k

[13] FRol, WoRfE, mayl, INVEE, HWERE, 2R3, mE 5t A DRk ik & MO TR 0 ek, shBE~A3R, 2006, 61(7) : 720-728.

[14] Befis, ERF. hEMBEEA SRS, U B2 L, 2000.

[21] EBEER P EAE SR R EE G . P ERIEE. Jat. Blegdiat, 2001,

[22] EFEBERE R ST, REEAL . L. BIEREEORM R, 1978 142-512.

[26] BRIRSE, E40, T otk WS AR X BP0 R TR 02 FREAE. B AR, 2003, 14(5) : 699-704.

[27] sk, BXSCEY, XUES, J5k . AR LTI S A MRBERR 2 R A LR IE X R K 2. R8240, 2006, 26(8) : 2572-2577.

[28] R/NH, ZEF, BF =, B 725 0 R A 3 HLRR ) T A3 Al it Bt A= 252%3ik, 2011, 31(11) : 3009-3019.

[29] DKM, 2ok, 2200, SR, 4. A0 P B R DL A Z HIm AR, R HAERFR, 2011, 22(3) : 665-672.

[40] fdfE, BREH], EER, A5t bt % 5 8 -+ e LR RHIE ST m R, A 82E4, 2004, 24(3) : 469-470.

[42] PR, 5l , §i¢E, WSS KT IR S SLEE. AR 282440, 2003, 23(5) : 972-978.

[44]  ZRIWigE, ERAE, K24E. BRI A LR L RS I M TR SC R, AR, 2010, 30(5) : 1217-1226.

(491 HkMS, Tk, BRAEAR. S LLALHE LA BT e R SR SO R 22, AR 2244, 2009, 20(3) : 518-524.

[56] skbkise, Bk, mleE, SR, KR CO, WEEF SN TIEMAED ML, EEFAE, 1998, 17(4) ; 33-38.

[57] VS, ARE, EER. RS CO, BRI VFR AL, HYIZEAR, 1997, 9(9) : 849-854.

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

	stxb201201150090.pdf
	03.pdf
	yml.pdf
	09FD.pdf


