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Interactive effects of low phosphorus and drought stress on dry matter

accumulation and phosphorus efficiency of soybean plants

QTAO Zhenjiang, CAI Kunzheng” , LUO Shiming "
Key Laboratory of Ecological Agriculture of Ministry of Agriculture, South China Agricultural University, Guangzhou 510642, China

Abstract; Low soil phosphorus (P) availability and seasonal drought were the main limiting factors for soybean production
in acid red soils of South China. Improving and screening P-efficient genotypes of soybean germplasm which could better
adapt to low P soils and drought climate was one of the efficient approaches to increasing soybean yields. Pot experiment
with P-efficient ( BX10) and P-inefficient ( BD2) soybean genotypes was conducted to investigate the effects of P
application and water deficit on dry matter accumulation and phosphorus efficiency of soybean plants. Three rates of P
application were P;: 0, P, . 15, P,: 30 mg/kg soil, respectively. The two soil moisture treatments were 70% —80% of
field water capacity ( FWC) as control and 30% —40% of FWC as drought stress at flowering and pod-setting stages
respectively. The results showed that plant biomass and leaf chlorophyll content were increased, while root/shoot ratio of the
two soybean varieties were decreased when soil available P increased ; Drought stress increased root/shoot ratio of BX10 and
BD2 at flowing and pod-setting stages under the same P application rate, but no significant effects were found on leaf
chlorophyll content. Drought stress resulted in significant decrease of yield for both two varieties. Soybean yields in low P

soils are significantly affected by medium P application (P, treatment), but much less and even negatively by high P
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application (P, treatment). The yield of BX10 was increased when soil available P increased, but the yields for BD2 in
different P application rates were in the order: P, >P,>P;. BX 10 had higher yield than BD2 under all phosphorus and water
treatments. Whatever drought stress in flowering or pod-setting stage, root phosphorus efficiency ratio, P uptake efficiency
and P transfer efficiency of plant were increased when available soil P increased, in contrast, P utilization efficiency was
decreased with the increase of P application level. In total, BX10 had higher level in P absorption efficiency and utilization

efficiency, while relatively lower level in root P efficiency ratio and P transfer efficiency than BD2.

Key Words: soybean; low phosphorus; drought stress; dry matter; P efficiency
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Mo 2 SRR AR YT W A B R UK 0 PSSR R RO R T BT ST AU AR
FHVERZ R KBS AR IR AR R T L AL T A B (HXHR S LA R (R 1) .

F1 EBNARHTFENKXEEREVENZNE

Table 1 Effects of low phosphorus and drought at flowering stage on biomass of soybean plants

Jb B A WE/ (g/Bk) b EERE/ (/) BHE/(g/hk) R
Treatment Variety Root weight Shoot weight Total weight Root/shoot
W+ 52 BX 10 S35 Means
Drought at flowering P, 0.26a 0.85b 1.11b 0.31a
P, 0.24b 0.99a 1.23a 0.24b
P, 0.22¢ 0.9%4a 1.14ab 0.23b
W 0.26 1.10 1.36 0.24
D 0.22 0.75 0.96 0.28
ANOVA
P * ok * ok * * ok
W ERES * % Y *
PxW * * * K ns
BD 2 S35 Means
P, 0.16a 0.71c¢ 0.88¢ 0.23a
P, 0.15a 0.82b 0.97b 0.19b
P, 0.16a 0.92a 1.08a 0.17b
W 0.17 0.97 1.14 0.18
D 0.14 0.67 0.82 0.22
ANOVA
P ns ® ok # % EES
W * R EE * %
PxW * * % ® ok ns

ns, ® , * = AMHIFIRA B3 ,0.05 F10.01 K B, TRA.

F2 REMEEHTENAZEREVENZN
Table 2 Effects of low phosphorus and drought at pod-setting stage on biomass of soybean plants
M b EBE

i fi W) iy TRt B () L
Treatment Variety Root weight Shoot weight Yield Total weight Root/shoot
SEF TR BX 10 -5 Means
Drought at full pod stage P, 0.77b 3.65¢ 0.77¢ 4.42¢ 0.21a
P, 0.88a 5.02b 1.43b 5.90b 0.18b
P, 0.78b 5.72a 1.75a 6.51a 0. 14c
W 0.86 5.50 1.60 6.36 0.16
D 0.76 4.10 1.03 4.86 0.19
ANOVA
P * B B B % %
W * ok * ok * ok * ok *
PxW ns * ok * K # K ns
BD 2 -1 Means
P, 0.46a 2.77b 0.64b 3.23b 0.17a
P, 0.48a 4.03a 1.08a 4.51a 0.12b
p, 0.39b 3.79a 1.02a 4.18a 0.10b
W 0.48 3.69 0.98 4.16 0.14
D 0.41 3.37 0.85 3.78 0.12
ANOVA
P B %% B B B
W * % * * % * ns
PxW ® o ns ns ns # ok
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Fig.2 Effects of low phosphorus and drought on root P efficiency ratio of soybean plants
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Fig.3 Effects of low phosphorus and drought on P absorption efficiency of soybean plants

2.3.3  MHARBERHZCR

AR FH 2SR e A R A N BB 2B P I AR i, 9 SO AR PR B 18 T 7 A 728 T4 o i 3R
TN o PN SER AR & T 5 A B 2 1 7K A A B B3 1) A5 R A Bt 2 - 398 v gl 25 10 3 22 T AR AT, IR 321
T AL I BRSO, HARA B T R EKT (K 4) . BT RALHE (# 4) 95 10 576 3 A BEKF L 72
TR 3 I 2 R T IR K A AL A HE 2 S5 3 AT L AR R T R A B R T IE R K A 3 (R AR S AL
PRI B 255

SEIEHN T FACBRR (1] 4) 76 3 ABEKSE, EUFG 10 5 155 7K 43 Ak B AR AR Mk s R SR i T T R AL L
HAEMRBE R B A 25 25 5 s AR M 2 S5 7E 3 BT bR T 5 Ak 38 A AR AR B ) AR R T IE R K Ak
HBHERA B E 2R, LV 10 S5 R EEEA AR A ETE IR 5 /K b B 27T 5 A T AR & m T4
25,
2.3.4  FHARBEFE AR

R R WL R 3 A S W T R RRPAR SR W 1 W i S 2 b 13RO BE F7 . FE T B RIS S (1] 5) , EL 75 10
SANE IR TIEH K 3 AL A T SRR B AR PR R RO AR 2 il > v > I, ELARBA AL 3 5 251K T R B RN
BRI ; LT 10 5 BUARARBE B BORTE 3 DK AR R IE K /A B 355 T T R A0, A 2 SRR
K 53 Ab B A REL AR B 2 A OB A 2 TPl > = Wl > (Rl , FLARBR AL 30 0 3R T P il A A 3L 32 3 T i s
A Hb 2 5Bl - R R B I AR MR B ROR A —E W T AE 3 AREKOE b ACHE 2 5 1 K A3 AL B A AR
PRBE B RCR AR T T A (0 U b b 3 5 2 5

LI+ FAR R (] S) |, ELPE 10 SRR HD 2 5 R AR RS ORI R 2 3R 3 B T, 7RI

http ; //www. ecologica. cn



5584 A E = 314

WK, AR B T IE R RGP AR R, 7 T AN R K P, AR B T IR K S AR B ELPE 10 S =K
AR MR A% R AR T XK AL BRAYAS 3 2 45

—<O—BX+W —X——BD+W --<--BX+D --X--BD+D
09 16
08 - 14 L
X.
0.7 + .
=) i o> 12}
g S.. - o
S 06} T T E
E‘ X Taw. E‘ 10 -
~2“
5 05| Koo 2
2 g S o8t
T 04l X 5
s © E——X 5
" g 06
N 03+F N
5 5 L
02} 04
01+r 02+
0 ! ! ] 0 1 I )
Po Py P, Py Py P,
Plevel
B4 (EEBEFTEXNAEEERBER ARENZ I
Fig.4 Effects of low phosphorus and drought on P utilization efficiency of soybean plants
—<—BX+W T X——BD+W --<--BX+D --X--BD+D
090 - 100 -
0.85 -
0.95 |
X X
< 080 BN
oy )
5 3 090
2 5
& 075 g
3 3
& 2 085 -
= 070 % =
0.65 - 0.80
0.60 L L | 0.75 I L |
PO Pl Pz Po P1 Pz
Plevel

E5 REETENAEERBEEBUENZI
Fig.5 Effects of low phosphorus and drought on P transfer efficiency of soybean plants

2.3.5 JHIRBEIRERERCR

SEVEH T SR FEAT , VG 10 5 RIACHY 2 5 AN R T R A B 2 IE K 43 A B B B RS ROR ARG 1
Sl B (0 1 i A S [ R B B3 (I 6)

ELPY 10 S AEARBE AR K ST L IE 5 /K 2 A 3 A R PG RS 50 s T T R0 3, K- 1 KT
FRALE AHE 2 SHE 3 AWK AR I 5 KA BR AR RIS P B R = T AL R AR K A
FHES O K PBEEEERT, BV 10 SORNE R IR R BaKIE T AN EE B L R SR AR B T R A A
25, HAEAREERT A B 225, IS SRR AR 2 AE (IR 52 2] T 52 W B B P2 RS A R B i e K, L 475 10
SRBET 5.26% A2 ST 13.04%

http ; //www. ecologica. cn



19 TRPRIL A ARBAEAN T 50 0 R S AR AR T BB R R AR B R 5585

3 it 0.85 -
TR R R IR LI SR X S RMEY A= 080

PUEERBHE S G T KT WIRE D o)
T TR AT RS AR T A € ol
WA P AR B AN AR B LER R BH, Bie & oest
JHI_ 58 T A A 7 /A o R 7 g ™

PRI S PSR R (R 1), DR RN B 055
ZANA) 22 5 AN R — 35, 0 2 B W AIK T R il 00 15 0.50 . : - : ”
{0, DR I Bl A P i FH - AS 2 8 22 B 4y, & 3t FH W e A Level
REBUS Bt 1P~ e A2 ek s . R XU 251 SR TR K Ho (R Sk TR E A B
AP (R) FEARIBEAE 38 LBk L2 P53 Fig.6  Effects of low phosphorus and drought on P re-transfer
25 AR ZE R0 s X IR ) 1388 1 K G P= RE [ RE I $L efficiency of soybean plants
KR AFAE g R AN R A O T e
T R W08 , i K X i A B W, BRI S R T R W i S K A R &R
O T 3R 2SO, T FE K A3 E T S MR B 2 (Y WIRR B, ASBIFSE I A3, 5 1l AR AR L AR R
B 11 27 DUAS R B ., v A L 2 PR IR A S A AR FE A 3 . ZE R TRIBE /K T, Ml v A58 35k R R 3
(ELPG 10 5) (A ik S fe 4 378 KT WA 3 R R S o (AR ot 2 45 ), e T i i sl Al 7 A 7= B LR T
Z W TS

B TARBE SN, TRt ™ 5 i K AR A A A R 0l a BEURE B4 A Bt T LAk 2% T R I 67 T 5
M2t AR AT R, T R A R e R T B SRR, R R R K 43> v K 4 i > BB K 4y
firif, ELAS A ER A B E 225 Jin 25000 Shen 252 BIFSEIN A, K ELAE W) AL AR S 2 2] F S0 R
HAR R A D ARE F R T i AR 2 35 T B, HL SR L G A8 0 7™ B i 38 nT LA 2 st T 5 aa
FUHEMAFIZ N, ARG FRW FEFF AL TNEE JEW] B F FNoK 53 % PR 25 PR AR R G i AR ik S 2 05 77 i g ik
FRW, Z T REMNEE P KE A AIR R M R R A W o ) 3 T R, T ELELPE 10 S AR
Hiu 2 5T AR I I R R, B T v A e AR K A W T T AR T 2 (K 3 T R R B A
SR, T IR RE A K , ARACE AT RGP 1 LA T AR s e i o Bl s b (274 10 5 ) R B AIG
AR (A HE 2 55 ) HEMMIR R, PR s s i O 6 2 i+ 2 ol , A RV E e ™ i e g LR

FE IR AKCR R AR B0 T AR T AR AR 1 7 i (AR R B R ) | AR B R AR RN R R SR P A
Do BRG] DL R R A A R (RO R ) RO R T LA S WA A R AR Y B T, TR
WERE 15 I T AN AR RE ) — Mt A = . A FH SR T8 A 0 A PSS 8 7= A R R T B 1 o, R
RCR L B A BE AR BRI BE E AT IE R A KR R R — e ) SRR E SR (B R) sk
REAGREMNER X GHMRREEA P — A B i DR T R I AR 1 26 R EL A 4 g 1 i
R RE S, X 5 H A R MR R A K B AR He A 56, vl VR R i i s 8 b i s B AL e o 27 ARAF 9T
T, 5 2 SAHLG, LV 10 SEEARRBEMNG A0 N BA BRI R AL AR BTSRRI AL
A R A R (A 7K Wl A P it SR A A R F e A R (3R 1, I 3, R 4) | R B Bl R SR R A Y
FEIE

1 5B AN [ B8 AP0 A [ e PRI R A 80 7 AR W s, ASBIESE R FEAE I AN 25 210+ B 4b
FRJG , PSR S A 2 1E 7 K A FRAE 2 T FAC T HAR SR H ISR A AR M H 30 b R 1y
BN TR R A T A AL 3R B 3 B 2 BN T R 5 SR A A TS SRR AR AR RO L IR R
RN RALE WA J DRI K G ) R AR AE AR I T 5 e F Tk A2 e A2 8 T e 5, V8 10 51
BRI PSSR AT, DRIk & BES  F03k FH Bl s RO 0 S R, 25 5 B2 R K o0 R A 457 B A, 4 e Vit 1 358

http ; //www. ecologica. cn



5586 A E = 314

HRI I R R AR IR SORUA) P o 2H T 3t 5 oy K JIES A 5 P60 Ml B3, A REAT 280 i 2 o g D7 R P 39 R L
A,
4 it

(1) Jt A A 5 e R LA AR AR B, 39 i 2 3K B R AR A W i BRI AR P A [R) — B 30K
SAEEER AR ANAE S T S M AR AR P A R IR L, A AR R B2 TP 10 S
o S P AR N TS TS s 2 - A U Dy rh e R > RO, ELES DY 10 SRR B R TR M 2
T3 P P RUR 2 B SR A e A AR T R R AR B 5 PR AE 5 K oA IRE 5 R
PR R R A, R B KB A RCR A F) “ LIOKAERE” 5« IR A E Y,

(2) B 2R AR 73R8 DA FE DA B R 7 Al I AL 303 AR LG AR A8 R R S8R AR A I . il
TR R L P 10 5 BB SR A FHAICR B 38 R TRl M AR . 2 45 0 AN R 2R (A L 7K 1 7 A 2 [
TR BRI DRI AR FLAN AL RO A R AT i e Ak PR oy, AR Ak BLESE AT 5 o 1P R 0 i
AR B B R A IR, 5 25 R R PTA t b  A IA ACR0R AR SRR LRI RS AR T
M IR KBS EATE R 1 258 DR TR R L R e MR MACS8C 3 A 8 38 2 M, R 8 R 803 AR L R
RoBARBAT WFE R, A7 rpod i il K23 WAL EA T bRl A B, BEA S8 A3 R R AR B e R A
ROR  IRAHEE B 1

References:

[1] LiSC, Bai P, GongJ. A review of the studies on the phosphate efficiency in crop. Journal of Shihezi University ( Natural Science) , 2002, 6(3) :
251-254.

[2] LiYL,CuiYL, Lv G A, Liang Z C, Li Y H, Feng Y H. Phosphorus efficiency and water productivity of aerobic rice under different water
regimes. Water Saving Irrigation, 2005, (6): 1-7.

[3] LiuJZ,LiYJ, LB, YaoSJ, LiJ Y, Li ZS. Identification of efficiently utilizing potential soil phosphorus characteristics of common wheat
cultivars grown at different times. Acta Agronomica Sinica, 1999, 25(5) : 560-565.

[4] Yang X L, Liao H, Ge Z Y, Luo X W. Root architectural characteristics and phosphorus acquisition efficiency in plants. Chinese Bulletin of
Botany, 1999, 17(6) : 511-519.

[ 5] ZLudlow M M, Muchow R C. A critical evaluation of traits for imp roving crop yields in water-limited environments. Advances in Agronomy, 1990,
43(1): 107-153.

[ 6 ] Raghothama K G. Phosphate acquisition. Annual Review of Plant Physiology and Plant Molecular Biology, 1999, 50(1) : 665-693.

[ 7] ZhangS G, Liu GD, Dou Y Q, Liu G L. Effects of low-phosphorus and drought stresses on growth of wheat ( Triticum aestivum). Acta Botanica
Boreali-Occidentalia Sinica, 2002, 22(3) ; 574-578.

[ 8] Gutiérrez-Boem F H, Thomas G W. Phosphorus nutrition and water deficits in field-grown soybeans. Plant and Soil, 1999, 207(1) ; 87-96.

[9] JinJ, Wang G H, Liu X B, Pan X W, Herbert S J, Tang C X. Interaction between phosphorus nutrition and drought on grain yield, and
assimilation of phosphorus and nitrogen in two soybean cultivars differing in protein concentration in grains. Journal of Plant Nutrition, 2006, 29
(8): 1433-1449.

[10] Zhong P, Zhu Z L, Li Z G, Wang J L, Zhang Y L. Effects of low-phosphorus and drought stresses on protective enzyme activities of soybean.
Chinese Agricultural Science Bulletin, 2005, 21(2) ; 153-155.

[11] Zhong P, WuJJ, LiuLJ, Lin W G, Dong D J, Wang J L. The couple effect of water and phosphorus on physio-biochemical characters of different
genotypic soybean at seeding stage. Soybean Science, 2007, 26(6) : 873-878.

[12] Bao S D. Soil Agricultural Chemical Analysis. 3rd ed. Beijing: China Agricultural Press, 2000.

[13] Yan X L, Zhang F S. Plant Nutrition Genetics. Beijing; China Agricultural Press, 1997 ; 7-12.

[14] Yan X L, Beebe S E, Lynch J P. Genetic variation for phosphorus efficiency of common bean in contrasting soil types II. Yield response. Crop
Science, 1995, 35(4) : 1094-1099.

[15] Yan X L, Wu P, Liang H Q, Xu G H, Xu F S, Zhang Q F. Plant nutriomics in China; an overview. Annals of Botany, 2006, 98 (3) ; 473-482.

[16] XuQP, Luo CY, Liao H, Yang X L, Nian H. Study on the response of soybean varieties to P deficiency. Soybean Science, 2003, 22(2) ; 108-
114.

[17] Ding Y C, Chen M C, Chen B, Li L J, Li D Y. Phosphorous uptakes and uses of different soybean varieties. Acta Botanica Boreali-Occidentalia

http ; //www. ecologica. cn



19 TRPRIL A ARBAEAN T 50 0 R S AR AR T BB R R AR B R 5587

Sinica, 2005, 25(9) : 1791-1797.

[18] Cheng F X, Tu PF, Yan X L, Wang X R, Liao H. Phosphorus nutrition characters for new soybean germplasms with high phosphorus efficiency in
acid red soils. Plant Nutrition and Fertilizer Science, 2010, 16(1) . 71-81.

[19] Zhao C H, Pang H C, Li Y Y. Effect of interaction of water and phosphorus on maize growth and phosphorus accumulation in fluvo-aquic soft.
Plant Nutrition and Fertilizer Science, 2009, 15(1) : 236-240.

[20] Wang L, Wang P C, Zhang T, Zhang H Y, Ding S Y. Effect of short-term drought and rewatering during the pod-setting stage on leaf
photosynthesis and yield of the soybean. Acta Ecologica Sinica, 2009, 29(6) : 3328-3334.

[21] Chu L L, Zhang Z Y. Effects of nitrogen nutrition and water stress on compensation effect of the yield of soybean. Acta Ecologica Sinica, 2010, 30
(10) : 2665-2670.

[22] Wang F, Zhu H D, Li W. The influence of drought stress on the soybean dry substance. Journal of Heilongjiang August First Land Reclamation
University, 2006, 18(2): 23-26.

[23] ShenZ B, QiZY, JinJ. Effect of phosphorus application on morphological characters of root under drought stress at different reproductive stages in
soybean. Soybean Science, 2007, 26(4) : 528-532.

[24] Lynch J. The role of nutrient-efficient crops in modern agriculture. Journal of Crop Production, 1998, 1(2) . 241-264.

[25] Wang Y X, Liao H, Yan X L. Preliminary studies on the mechanisms of soybean in adaptation to low P stress. Soybean Science, 2003, 22(3) .
208-212.

[26] Zhao]J, FuJ B, Liao H, He Y, Nian H, Hu Y M, Qiu L J, Dong Y S, Yuan X L. Characterization of root architecture in an applied core
collection for phosphorus efficiency of soybean germplasm. Chinese Science Bulletin, 2004, 49(13) . 1611-1620.

[27] Liu L, Liao L., Wang X R, Yang X L. Adaptive changes of soybean genotypes with different root architectures to low phosphorus availability as
related to phosphorus efficiency. Scientia Agricultura Sinica, 2008, 41(4) : 1090-1099.

SE Lk

[ 1] ZgK, ASE, BT EYBEBCRITTEERE. A TR ( AARBIER) , 2002, 6(3) : 251-254.

(2] ZWle, ok, A%, RlR, ek, MR, REKIMAMT RN BOR L. FiKHERE, 2005, (6): 1-7

[3] X, R, 28, L, 28k, 28R, IR A P I/ G Al SOR ] R B e B MR M 458 . 1B, 1999, 25(5) :
560-565.

(4] MM, B, Zikin, B850 MPWRIGARE SBRIOKICK. M2, 1999, 17(6) : 511-519.

[7] kb, XIE, ii?ﬁ, XSS5 ARBEFIT A X NE A KA B R R RAIR. PUIbRi 24, 2002, 22(3) : 574-578.

[10]  4PWS, Ak, ZEGN, Edmy, skERR. T 5 HRBEME X R - Ry RS RS2 op e 25@ e, 2005, 21(2) : 153-155.

(117 P8, R, XVEHE, PRETNI, S, . KB AR XA R Bk 30 5 X 70 R S f ) AE A AL S8 bR i s e R ELRH#, 2007, 26
(6): 873-878.

[12] #-EH. el CGR=R0). dbat: PESOb L, 2000.

[13] /e, SR8 MEIRgE%. bt PRI AL, 1997 7-12.

[16] &M, Pz, Ba, ™NE, FF. KORE BN N AT, KERME, 2003, 22(2) : 108-114.

[17] TEN, BRWE, B, ZuH, 2. ARFERS SRS SCR AL LA T, PALAEYI 43, 2005, 25(9) : 1791-1797.

(18] RN, WRBEg, f=/Nle, £FH5, B BRIELHE PR ROC SRR B B E SR, AE SRS IR, 2010, 16(1) : 71-81.

[19] B, MM, 28T S0 JKBEE A0 4 TR A K B AR R A . B 77 S AREAAR, 2009, 15(1) : 236-240.

[20] &, ER, e, kEH, TXZ. Zﬁﬁ,ﬂ;ﬁiﬁ,ﬁﬁ?qﬁﬂﬁmﬁﬁﬁ (Glycine max) W R OGA R AREM. AE5%4R, 2009, 29(6)
3328-3334.

[21] Wm0, FAGE RFETFTRPIEAX KRG EEAME M. A2 E24% , 2010, 30(10) ; 2665-2670.

[22] B35 RULE 2. TRPHOXAFRREH R TYWRARNER. BRI A—REKRZFEMR, 2006, 18(2) : 23-26.

[25] ERCHE, BLL, /M. KEERATHEHE MPLEPITR. KERE, 2003, 22(3) : 208-212.

[26] ®X#, AP0, B, 05, 459, WIA W, BRENAR, SE3il, /e, KREBEFRCR N T O R BRI AR M BORIEA. Bl2@ R, 2004,

[27]

49(13) . 1249-1257.
XIR, B, EFH, M/ e, RIRARF B K G B 1018 by AR B S B RCR L R, P ELRLRE, 2008, 41(4) ; 1090-1099.

http ; //www. ecologica. cn



ACTA ECOLOGICA SINICA Vol.31,No.19 October,2011( Semimonthly )
CONTENTS

Ecology research and its effects on social development in China «««srsrrerererersrarariririrneirieieiiieitiiatiiiieeeee. LI Wenhua (5421)
The current mission of ecology-advancing under the situation of chaos and innovation =~ =e=eseseeerererererereeeees JIANG Youxu (5429)
Resilience thinking: development of ecological coneept ++++«++++ssssssseermsesanuisiiiit it PENG Shaolin (5433)
A review of research progress and future prospective of forest soil carbon stock and soil carbon process in China = =roeseeeeerreeereeeenes
................................................................................................ LIU Shirong, WANG Hui, LUAN Junwei (5437)
Research on carbon budget and carbon cycle of terrestrial ecosystems in regional scale: a review — serosseereseserenereenereeieaieenne.
.......................................................................................... YU Guirui, FANG Huajun, FU Yuling, et al (5449)
Advances in the studying of the relationship between landscape pattern and river water quality at the watershed scale =~ +-+-rreevreeeeees
................................................................................................... LIU Lijuan, LI Xiaoyu, HE Xingyuan (5460)
Research on the protection of Davidia involucrata populations, a rare and endangered plant endemic to China = =+rseeeeereererereeeeeees
.................................................................................................................. CHEN Yan, SU Zhixian (5466)
Progress on water resources input-output analysis «+ecorseserersrrseeiaeiiieiiiiinen. XIAO Qiang, HU Dan, GUO Zhen,et al (5475)
Research advances of contraception control of rodent pest in China -+ LIU Hanwu, WANG Rongxin, ZHANG Fengqin, et al (5484 )
Response of vegetation to climate change and human activity based on NDVI in the Three-River Headwaters region = +-+-c-ereceeeeeeeeees
......................................................................................................... LI Huixia, LIU Guohua,FU Bojie (5495)
Remediation of blowout pits by clonal plants in Mu Us Sandland =~ +++-crreeerrerererereeeereeeeenes YE Xuehua, DONG Ming (5505)
Precipitation trends during 1961—2010 in the Loess Plateau region of China —«««=-s+s=ssssseessssemnusmaiiiieiii
.................................................................................... WANG Qixiang, FAN Xiaohui, WANG Mengben (5512)
An evaluation method for forest resources sustainability ««+c=esecoreereeeeeeeaeees CUI Guofa, XING Shaohua, JI Wenyuan, et al (5524)
Effects of landscape patterns on soil and water loss in the hilly area of loess plateau in China: landscape-level and comparison
At IULESCALE *+# v+ v vvrerereenrsesanenenetenetetetetetetetetataseresaeenaneserarneasnnns WANG Jiping, YANG Lei, WEI Wei, et al (5531)
The impacts of future climatic change on agricultures and eco-environment of Loess Plateau in next decade — =+erorrrrererreerrereeeees
................................................................................................ E Youhao, SHI Qian,MA Yuping, et al (5542)
Valuation of ecological capital in Shandong coastal waters: standing stock value of biological resources =+=wrerorrererrrreeeercereeeene.
.......................................................................................... DU Guoying, CHEN Shang, XIA Tao, et al (5553)
Valuation of ecological capital in Shandong coastal waters: provisioning service value =+rorrererserrrererrererreniriiieiiieeeenes
............................................................................................. WANG Min, CHEN Shang, XIA Tao, et al (5561)
The dynamics of the structure and plant species diversity of evergreen broadleaved forests in Damingshan National Nature Reserve
after a severe ice storm damage in 2008, China «+-+-coereeerreeeeees ZHU Hongguang, LI Yanqun, WEN Yuanguang, et al (5571)
Interactive effects of low phosphorus and drought stress on dry matter accumulation and phosphorus efficiency of soybean plants ------

....................................................................................... QIAO Zhen]lang, CAI Kunzheng s LUO Shlmmg (5578)

The eco-efficiency evaluation of the model city for environmental protection in China —=r-esererrrrererrrarererrrrerrieirciineeeee
.......................................................................................... YIN Ke, WANG Rusong, YAO Liang, et al (5588)
Pollution footprint and its application in regional water pollution pressure assessment; a case study of Huzhou City in the
upstream of Taihu Lake Watershed — -vor-eveeerreermeemereeeeeeeees JTAO Wenjun, MIN Qingwen, CHENG Shengkui, et al (5599)
Ecological effect of green space of Shanghai in different spatial scales in past 20 years -+« c=csetorsererareeeaearrenertitiaeiaieee.e.
................................................................................. LING Huanran, WANG Wei, FAN Zhengqiu, et al (5607)

Assessing indicators of eco-mobility in the scale of urban communities -++ DAI Xin, ZHOU Chuanbin, WANG Rusong, et al (5616)
Spatial structure of urban ecological land and its dynamic development of ecosystem services: a case study in Changzhou City,
CREIA  ++veeererermerroernestn et e et e et et et e et e et et e et e e e et e et e e ean e et eeaes LI Feng, YE Yaping, SONG Bowen, et al (5623)
The carbon emissions embodied in Chinese household consumption by the driving factors =+ «=eseeererrerareeearrerrarreaeareiirieeeen.
................................................................................................ YAO Liang, LIU Jingru, WANG Rusong (5632)
The research on eco-efficiency and canbon reduction of recycling coal mining solid wastes: a case study of Huaibei City, China ------
.................................................................................... ZHANG Haitao, WANG Rusong, HU Dan, et al (5638)
Effects of urban shading on photosynthesis of Euonymus japonicas <+=-+-<=r+=r=roeeeee YU Yingying, HU Dan, GUO Erhui,et al (5646)



Ecological view of traditional rural settlements: a case study in Yonghan of Guangdong Province «+-«=rxerrerrrrrrerrerrecaereeeenne.
............................................................................................. JIANG Xueling, YAN Lijiao, HOU Deqian (5654)
The altitudinal pattern of insect species richness in the Three Gorge Reservoir Region of the Yangtze River: effects of land cover,
climate and sampling effort ««++s++=+++sesessmeeemute e LIU Ye, SHEN Zehao (5663)
Spatial-temporal patterns of fishing grounds and resource of Chilean jack mackerel ( Trachurus murphyi) in the Southeast Pacific
OJGEALL *+++ " s errrerenrnsenernset ettt et et et ettt ea et aas HUA Chengjun, ZHANG Heng, FAN Wei (5676)
Impacts of Ambrosia artemisiifolia invasion on community structure of soil meso- and micro- fauna «oreereeerresrrrareiniii
................................................................................. XIE Junfang, QUAN Guoming, ZHANG Jiaen, et al (5682)
Appearance in Spring and disappearance in autumn Of BemL\\La zabaci ln China ..................................................................
.......................................................................................... CHEN Chunli, ZHI Junrui, GE Feng, et al (5691)
Water use strategies of Malus toringoides and its accompanying plant species Berberis aemulans —+=c=t-rovorororocecacacacaracacitaeieceee.

................................................................................................... XU ang s WANG Halylng s LIU Shlrong (5702 )

................................................................................. WANG Chao’ HUANG Qunbin s YANG Zh]]]e, et a] (57] 1 )
Eco-toxicological effects of four herbicides on typical aquatic snail Pomacea canaliculata and Crown conchs — «=c+exvoesreeerrenerecnenes
.......................................................................................... ZHAO Lan s LUO Shlmlng s LI Huashou s et al (5720)
Effects of short-term cold-air outbreak on soil respiration and its components of subtropical urban green spaces ««+-+=esrsrerreceereeeenes
............................................................................................. Ll leo s ZENG Wenjing s Ll Jinquan s et al (5728 )
Effects of landscape pattern on watershed soil erosion and sediment delivery in hilly and gully region of the Loess Plateau of China.
patch class-level «reesreeersrreenie e WANG Jiping, YANG Lei, WEI Wei, et al (5739)
Partitioning and mapping the sources of variations in the ensemble forecasting of species distribution under climate change: a
case study of Pinus tabulaeformis —«=c+erovserrearsrsaearseneaieiaeeenes ZHANG Lei, LIU Shirong, SUN Pengsen, et al (5749)
Relationship between masson pine tree-ring width and NDVI in North Subtropical Region — =correeerrererrereneieieneiieneiiiiiiniieenee.
................................................................................. WANG Ruili, CHENG Ruimei, XIAO Wenfa, et al (5762)
Effects of species composition on canopy rainfall storage capacity in an alpine meadow, China — rorererrersrreserrnieiiiie.
.......................................................................................... YU Kailiang, CHEN Ning, YU Sisheng, et al (5771)
Dynamics of soil water conservation during the degradation process of the Zoigé Alpine Wetland «+«+erereeerereererereeeeeereneneinieieeee.
........................................................................... XIONG Yuanqing’ WU Peng—fei’ ZHANG Hongzhi’ et al (5780)
Soil urease activity during different vegetation successions in karst peak-cluster depression area of northwest Guangxi, China =~ -+-+-+-+-
.................................................................................... LIU Shujuan’ ZHANG Wei, WANG Kelin’ et al (5789)
Analysis the effect of region impacting on the biomass of domestic Masson pine using mixed model «=r+ersorrrrererrrereeneeereeeenne.
....................................................................................... FU Liyong, ZENG Weisheng, TANG Shouzheng (5797)
Influence of fire on a Pinus massoniana soil in a karst mountain area at the center of Guizhou Province, China +=:«sssrerererereeseeenees
.......................................................................................... ZHANG Xi, ZHU Jun, CUI Yingchun, et al (5809)
The growth and distrubution of Platycladus orientalis Seed-base seedling root in different culture periods «=+r-erererrrrererrecarrerareenees
.................................................................................... YANG Xitian, DONG Nalin, YAN Dongfeng, et al (5818)
Effects of complex pollution of CTAB and Cd** on the growth of Chinese sweetgum seedlings —+++«««sseeeesssererni
.......................................................................................... ZHANG Qin, XUE Jianhui, LIU Chenggang (5824)
The influence of volatiles of three invasive plants on the roots of upland rice seedlings =«+etreerererrrrreereneiriririiiiiiieiiiiiine.
................................................................................. ZHANG Fengjuan, XU Xingyou, GUO Aiying, et al (5832)
Age structure and regeneration strategy of the dominant species in a Castanopsis carlesii-Schima superba forest — =+xsssrasereracacecacees
...................................................................................................... SONG Kun,SUN Wen, DA Liangjun (5839)
A study on application of hepatic microsomal CYP1A biomarkers from Sebastiscus marmoratus to monitoring oil pollution in Xiamen
WALETS  t et s rreeesereenteatuteetttueeteteteesetteacasscaasstetecassttesatnes ZHANG Yusheng, ZHENG Ronghui s CHEN angfu (5851 )
The method of measuring energy flowgpandpin ecological networks by input-output flow analysis —=r=ereeorrererserereereaerercnirieenen.

............................................................................................. LI Zhong(:ai, XI Xudong, GAO Qin’ et al (5860)



2009 £ E AR S5 55K 200 E BT 10 ZHAF*
(5T 2010 4EHR CSTPCD B )

Hey Wi S Bk Hy W19 R [N
Order Journal Total citation Order Journal Impact factor
1 ERFER 11764 1 ERER 1.812
2 o A 524 9430 2 T A2 1.771
3 TP 2R 4384 3 N A A2 1.733
4 [iE|dib7 i 4177 4 G/ EA =S 1.553
5 HERFERE 4048 5 HERFERE 1.396
6 L7/l seE i SR 3362 6 [iiEdi:t7/E=22ir 0.986
T morooy IV 3327 7 s 0.894
8 MOLECULAR PLANT 1788 8 CELL RESEARCH 0.873
9 IKEE AWk 1773 9 FHP - 0.841
10 wR R 1667 10 HYHEFE 0.809

* (LEZAAR) 2009 AFERLO AN 1964 FRHEWTIHET B80S IR 11764 0, £EHER S 1; A
T 1812, £ EHERE 14,55 19 JmiELE 9 AR E A A AT ob BEDRG SRS

wEEHEME flais BiTéREE XIKE B %
4 & % Wk ACTA ECOLOGICA SINICA

(SHENGTAI XUEBAO)

CEATI 1981 453 7 B1F) (Semimonthly, Started in 1981)

F31E F19W (2011410 A) Vol. 31 No.19 2011
% L= ({ﬁgi&%%&)}éﬁiﬁﬁﬁ Edited by Editorial board of
Sk - JEHTGE DOULS 18 5 ACTA ECOLOGICA SINICA
Hﬂgﬂéﬁﬁ% :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

Bk o ' iq,cl‘]engtraixue})a()@ rcees. ac. cn
* i E R AR S Editor-in-chief FENG Zong-Wei
I EAEAREEE S Supervised by China Association for Science and Technology
cp R RS2 e A A PR BF ST 0 Sponsored by Ecological Society of China
Motk . b 50 E R K 18 & Research Center for Eco-environmental Sciences, CAS
M L 4w i - 100085 Add:18,Shuangqing Street, Haidian , Beijing 100085 , China
H R 4 & & I3 it Published by Science Press
Hihk . b AR IR ILHT 16 5 Add ;16 Donghuangchenggen North Street,
MR w65 . 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 S—
Hitik . AR FEIAR AL 16 5 Distributed by Science Press gz —_——
EHKB[Q’?H&% :100717 Add 16 Donghuangchenggen North o =
Eﬁﬁ'ﬁ 31(910>6;‘g34563 Street, Beijing 100717 , China L ===
-mail ; journal @ cspg. net Tel: (010)64034563 o —_;
Y i N e O\
2l . iﬂ"@ é.%i@ KE\] B 4 N = E-mail ; journal @ cspg. net E — O
Esh&eT  HEERE SRS S 0
HiE . L ET 399 fﬁ_ﬁgﬁ Domestic All Local Post Offices in China = —
Hmﬂéﬁﬁ% .100044 Foreign China International Book Trading 8 =S
‘ e
IEgE N o - Corporation i
o gE OO LT 8013 Add:P. 0. Box 399 Beijing 100044, China o
ISSN 1000-0933 - N — —
N A0 ERSIMAF LT ENEAERS 82-7 B ZITRS M670 E M 70.00 T

CN 11-2031/Q



	1.pdf
	fm.pdf
	zhong ml.pdf

	stxb201106210908.pdf
	3.pdf
	ying ml.pdf
	19fd.pdf


