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Precipitation pattern of desert steppe in Inner Mongolia, Sunite Left Banner.

1956—2009

CHEN Jun'?, WANG Yuhui' "
1 State Key Laboratory of Vegetation and Environmental Change, Institute of Botany, Chinese Academy of Sciences, Beijing 100093, China
2 Graduate University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: At present, precipitation pattern has taken significantly change under the effect of global change. To find out
how precipitation pattern changes in different regions is very important to understand climate change and its consequences.
The change of precipitation pattern includes variations of precipitation amounts, precipitation days, inter-precipitation
periods and precipitation intensity. Desert steppe was the typical vegetation type in temperate arid and semi-arid regions,
which was very sensitive to climate change, especially precipitation pattern changes. Precipitation was the main limiting
factor in desert steppe ecosystem, whose variability determined the basic functions of this ecosystem. So it was in urgent
need to find precipitation pattern variations in Chinese desert steppe under global change background.

In this study, precipitation data from 1956 to 2009 in typical desert steppe of Sunite Left Banner in Inner Mongolia
were collected and precipitation amounts, precipitation days, inter-precipitation periods and precipitation intensity were
analyzed. Among them, Mann-Kendall method was used to analyze precipitation tendency and test significance, least square
method was used to calculate the tendency values. The result showed that (1) from 1956 to 2009, the whole tendency of
the annual precipitation amount and growing season precipitation amount were decreased, but the change tendency was

different with the time. Among them, precipitation increased in 1970s but decreased in 1960s, 1980s and 1990s, then
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increased in 2000s. Annual mean precipitation amount was 191. 9 mm, the range value was 100—250 mm, and the
tendency value was —8.5 mm/10a. Amount of precipitation in the growing season accounted for 85% of the whole year's,
which mainly occurred from June to August, and the variation coefficient of each month was above 50% . (2) Both mean
annual precipitation days and short inter-precipitation period decreased but long inter-precipitation period increased from
1956 to 2009. Annual mean precipitation days were 63. 8 days, the range value was 50—80 d, the tendency value was
-2.5 d/10a and its variation coefficient was 16. 9% . Number of precipitation days in the growing season accounted for
63% of the whole year’s, and the variability of each month was above 28% , and tendency value was =3 d/10a. (3)
Precipitation intensity was distinguished as six different types: light, relatively light, moderate, relatively heavy, heavy and
extremely heavy. Precipitation events were dominated by moderate precipitation amounts and light rainfall days, and there
were few events above moderate precipitation level, no matter in the whole year or each month of the growing season.
Moderate precipitation accounted for 32% of annual precipitation amounts, and light precipitation accounted for 68% of the
annual precipitation days. Precipitation decrease in the whole year mainly resulted from moderate precipitation events, while
the decrease in precipitation during the growing season was primarily due to light precipitation events. In generally, from 1956
to 2009, mean annual precipitation amounts, precipitation days and the different precipitation types in the whole year and the
growing season all decreased, particularly there was a consistent decline of annual precipitation days since 1990s.
Decreasing annual precipitation would affect soil moisture and plant reviving, while decreasing precipitation in the
growing season would directly affect carbon sequestration in the grasslands. Under the scenarios of climate change, reduced
precipitation in the whole year and growing season would further exacerbate the degree of drought in this region and affect

plant growth and development, and thereby to threat the development of grassland animal husbandry.

Key Words: precipitation pattern; change; desert steppe; Sunite Left Banner; Inner Mongolia
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Table 1 Classification of daily precipitation intensity in desert steppe of Sunite Left Banner

Rk 5 B & Bom pi LS
Precipitation Light Relatively light Moderate Relatively heavy Heavy Extremely heavy
H 4 Rank 0<R; <R, R,o<R; <R, R,o<R; <Ry, Ry <R; <Ry, R, <R; <Ry, R;>Ry,

H %7K & Dailyprecipitation/mm 0<PPT<2.4 2.4<PPT<4.7 4.7<PPT=<I11.6 11.6<PPT<17.5 17.5<PPT<28.4 PPT=28.4
R; :rank , 27~ H BF/K & TR 437 %0 ; PPT : daily precipitation, 278 H FE/K &
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Fig.1 Interannual variability of precipitation amounts respectively in the whole year and the growing season
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LR 31U 5 A Fig.2 Seasonal distribution of precipitation amounts
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Fig.3 Interannual variability of precipitation days respectively in the whole year and the growing season
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TR B AE R A 10 IR, SR R E 219 %
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Fig.4 Seasonal distribution of precipitation days
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Fig.5 Interannual variability of inter-precipitation period
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REK UL T 20 a, PR ARAAHIBE 3.6 a, X 3a KA 14528 2 d MIBGRIEK, Hfls o 1 d,
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Fig. 6 Distribution of different precipitation types for precipitation amounts and days in the whole year

R2 BEERKESFHFHE

Table 2 Average value of different precipitation types in the whole year

AR 55 B g Bk i &
The whole year Light Relatively light Moderate Relatively heavy Heavy Extremely heavy
B Amounts /mm 29.42 27.93 59.19 32.3 24.61 18.43
H % Days/d 43.39 8.41 8.13 2.31 1.15 0.43

Bra5 MK AR A K 2o S 2 HADSR B oK SR LR R A e AR K 2, DL 485 B2 DL 1 Rk i S 28
(FR3), UZAEkA KT A R K a ( HED &Y 0 SRR R (H A /Y L B 3R0R 20 B K AR % A 1)
AYBL, AT 50 a SR RRA IS R R4S H ¥ D b A B R K B 22 R R AR K 21 9 H B K i
[ 43.8% ;27 AAI 8 H RE/K B 3 Fe LU IAHARL, v 25 [k i o5 3104 1 B 1Y 30% 2o Ay, i Ik K29 15
BRI 14% (Bl 7a) , A AHLIESHoK BEUE 2 HE 4814 0 BREK B 50% DL b Hd 7 AR A
R H B0 TC ELBIARARL, S5 Rk H 80 31025 H B H B0 52% A4, IR K R 20 5 A HU 1. 5%, A
KEFFEZEEER6.7.8 H,LL7.8 HEZW,5 H IR LA 3T 50 a k9 HAUEL 1 (K Th)
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Table 3 Average value of different precipitation types in the growing season

AR EE 55 gD LIk B Ei ot
The growing season Light Relatively light Moderate Relatively heavy Heavy Extremely heavy
SV Amounts/mm 18.16 21.78 51.99 29.85 23.33 18.43
H %L Days/d 23.17 6.52 7.09 2.13 1.09 0.43
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Bkt 0.05 WK, e ¥ 82 TR BHET N -3.5%/10 a,-6.4% /10 a,-4.4%/10 a, Lk
rrEERE K HBCT M 2, 42 Mann—Kendall 28001 K0 56 U, {Hi5-2.98 (K 8b)

A K ZE AN 5 B S R K I B K Y 2 TRk A (R 8a) , FLrp 5 K 2 B 3 T R, HL 90 AR AR IR Hp4E

http ; //www. ecologica. cn



22 # MRZE 45 :1956—2009 4 PN 52 1l 75 JE o 20 i e 185 B it X A 7K A ) 6931

g 8
S50 = o By = P §\707 i i
2 = &R i} = W& - 60 1
< 40 =.0

= £ - = g 50

=2 " ﬂ.‘:

2E 30 ®HE 40|

i & m 2 30

¥8 2! . : 2277

&& i N\ - (N '&"L‘ 2 20 + r _ - N -
© 10t B (NI A=) . N " p
% i Eo Ll AL A
0 : 55” NI LT g 9 e Hom ne ’ﬁﬂn N
& > 5 6 7 8 9
[= ™

H 453 Month H#r Month

7 AEREZEREKNEKEMEKEREERSZEARNNSER

Fig.7 Distribution of different precipitation types for precipitation amounts and days in each month of the growing season
WD EEE R -5.6% /10a, HESIR T 585K BRI A -6. 6% /10a, H A B2 1) 7 F A F
BN SN BK AEBRAE S R AR IA 41.3% 1155 FE K 128 S REUNN 25.3% o, ANIRI5E EE S KK H 8004 2
TRECIK 8b) , BB 4518 -9.2% /10 a . =5.6% /10 a .=5.3% /10 a .~4.4% /10 a, LI585 FEK B BT Mt 58
th, 28 Mann-Kendall $:581H40 5, U, {Hik-4.77,

B %5 i DL I
Il %
Il

-1.02

S NN | 2 Q -0.69 g

-0.81

(=]

Rk a3/ (%6(10a)™)

Trend of precipitation days Trend of precipitation amounts
|
B |

6 247 Q Tror M
-1.45
= 0
g/ 4l Y -1.4 z
R N Z BN -1.98 -2.16
o -6 _ -2.72
223
fﬁ " -2.98
%2 N\ CZz3 4
ool -4.77 o Ak

E8 £HERERFEAEEEZREXRNTUERE
Fig.8 Secular trend of precipitation amounts and days for the different precipitation types respectively in the whole year and the
growing season

BT RRER I U, (]

3 g

SR JERF 2R SR P i, BRI TR R, N 22 E R 04 AT L L J BT A 8 ) SR 9 e e BEL 4 , k7 B2 15 A<t
ARAETRALE PN | M 68 AR 2200, BN R 19562009 4F it J& A4 2 HEE 3 T 24 It [ /K S22 Vil /D i 3 4FE R
K BITE 100—250 mm , FEAFKILH 70 4EACHE AT,60 .80 .90 44X/ ,2000—2010 EAIE N fy, X5
VA 55 ity IR R o R ) R AT [ K i 0 AR AR Ry AN [] MR B KGR 481 mm, B/ 146. 7 mm, 70 F 90 4F
FRFFK I, 60 1 80 A AR Sy /e #4157 IR 114 R Am) R JF K B #F 250—400 mm,60—80 4R
JKIEIN,90 AFARSEFF LRI B TR o AR IL T 5224 52 IX B K (0 s 2 26 59 10 B 57 166 0 JB 114 g 7K
M JRITE N 5 i A BT A 28 R G R /K S v B — & B ARR IR T | T X AR RR B R 0 SR X Lo | Bt A= 7 RS
WOl 7= A R R

T JC R A T VB P JEUAE R K B Y R - 8. 5 mm/10a, & TN 5 2 X T 50a B HE 5.9 mm/

http ; //www. ecologica. cn



6932 A E = 32 &

102" /KR BARATESE U E TR A2 A H R K R B i S T A b i R E MR R Z —,
TR AARBAE ™ 38 5 X 1951—2003 47 IR /K AR A 52 1 52 B 5T, 48 Hh R 7K O 3 [ SRR e i fe B
B R 2 e Ae T X 0 T B A R R T RREK D K Y, IR R A S R R K R
R BE S AR R AR I BE— 300t 53R A B B R B — 80 TR E R MoK
(BEBW) i, R R 2 X BB W H A0S/ L2, T4k TR — A m B DY
IINBEE K A 5 G T 95 e R A R T T B A K 2 K A R, (B 55 [ K B R B e L A Rk A
RS BFFT I, SRR K H B0 D 2 i) A K R 2 (R VD R RE b X R AR Y R AR R
IR A BT RS WY H b HABK (R B 0 1 0 A A0 3 15 X B R TR R R AR R R &
DA K G35 Bt , DT 3 B = 496K 43 =7 Bl R RE 4G, F2 /K AR (17K 43 A B ANA 5 T R AR HEK 35 32 A
AR K TRRAE IR IR KRN 3K 3 Bk — AR A AN T 3R A A X 37 K 43 B 3 R e G
S T DX S R e A 2 R G P A TR Z AR IR

Rk 5 R A S R G A 1B VI OG , BEAE S8 K S (0 3, 9 5ty TS R b A S R G v R e
FIEFREEE A R AR RN Y AN, A RN A AL RS TA) ROBE b A i AR R K
IR REMR S v Gl 7 A AE R 22 5 0 S TR IR I A K e 8 0 A RS B iR G 7 R R A
RO R FERK TR A 7 R R KT AR B A S — B R R AR (= 0. 62) BYFS
B R R RSO, B A 1] LR 58 B X A 2 R G A R AR AT FE AR, 36 [ BRI A R A
B REAMTR AN | B K B B A 30% , 148 CO, 3B RN T 8% s MK M AR, B K MRS > 50% , 1 4
CO, IR T 13% ; F/K SRR L [A] FAI U)off 38 CO, 3@ MK T 20% ), Knapp %5 il Fay 261
AR KA S 6 R B, B AR R R AN | IR /K (RT3 fff B dth A= 28 R e bt b i) A 7 ) 10 25 AR, kR K
SR IR, RN T BEIS A B 3R I TR 2 AR 2 3 A T AR AR bR 2B R # | SR T /N
Al BEB A T 2R 5 DA 22 I . Huxman 2548 1, 75— B0 N, AR S RS E 7 S HERT
SR KL P

20 40 90 AFAR LK, R e AR e e R A 7 SR R R L B AR SCEIRFST, B S50 a R I SR A A T T I
B A AR S A A R K iR 7K H B S g D R A AR R K TR A ZE 3G, 555 188 K =42 Sk i v 4 DA B
IKTEWE . BRI R LASR , X R KAS Ja (R AR AR A o] RE 2 R w b A 7= ) R R LR R, 3
Ra K Jmy 1) 2 J FE 3R R X R A i e JE A S R 90 I A 7 ARG R Rl 06— 198 7 T 5 M RIS A o

e i AR 28 R G A ™ T WA R KRS Ry AR A AT SR A 2l T e R i %) 2 7™ ) T e U B S Y
A pE SR RIERE BRI R FERE L R RO AR BRI B T BT R R AR PRAR A W SR NE
FEFHISHEHE RS LAY R RIEASE BT SCRATETE , FE MK 22 B AT 3k 38 B0 14 i B 4 5 1fi
FEREAR/ D ARGy, RAR GO B 75 S 4R 8 ) IF LR P R NS I T [, 45 S e | 2 0 5 B 1) B 31
SR PR YOKIRXE SO B S EER PO AZ B R, 24 & A T R K IR 3R A
J A= SV TR Ak AT 5 8 R SR b (R i R A e i

L5 TIR SR JC R A TS T i A K S 118 18 S0 B4 T R s il 380 24 Hb B8 O 1 T RS KRR n ) 5 T
b E WOl R 5 P
4 ZEig

FIH 1956—2009 4% H [ UL ZERE, Yot I & 4o 37 T o JER B A A o O AR 5% 22 A

(1) PR AR RA K 4 A ¥ LA SRR K i 559 K B 80k 3, rh A5 B DL B iRk 3500 & A

(2) AR ZERKFEENTE6.7.8 Ahr,5.9 AGREAKE A KR shAE T K, R kK F 4 2k
HTE6.7.8 A0y,5 HIoHsRMEK LA,

(3) AR R R B H B 50 R R 38 s i 4 K (Rl B 0 e 34

http ; //www. ecologica. cn



22 # MRZE 45 :1956—2009 4 PN 52 1l 75 JE o 20 i e 185 B it X A 7K A ) 6933

(4) AFMA RN B P A P AERL B A SRR IR R TR S AR RK i B A
e K S A, 553 I o 2 A A R R A 2 R

References:

[ 1] Houghton J T, DingY, 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.

[2] Welizin J F, Loik M E, Schwinning S, Williams D D, Fay P A, Haddad B M, Harte J, Huxman T E, Knapp A K, Lin G H, Pockman W T,
Rebecca Shaw M, Small E E, Smith M D, Smith S D, Tissue D T, Zak J C. Assessing the response of terrestrial ecosystems to potential changes in
precipitation. Bioscience, 2003, 53(10) : 941-952.

[ 3] Groisman P Y, Karl T R, Easterling D R, Knight R W, Jamason P F, Hennessy K J, Suppiah R, Page C M, Wibig J, Fortuniak K, Razuvaev V
N, Douglas A, F®rland E, Zhai P M. Changes in the probability of heavy precipitation; important indicators of climatic change. Climatic Change,
1999, 42(1) . 243-283.

[ 4] 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.

[5] WulJL, Wang M, Lin F, Hao Z Q, Ji L Z, Liu Y Q. Effects of precipitation and interspecific competition on Quercus Mongolica and Pinus
koraiensis seedlings growth. Chinese Journal of Applied Ecology, 2009, 20(2) ; 235-240.

[6] FangJY, PiaoSL, TangZ Y, Peng C H, Ji W. Interannual variability in net primary production and precipitation. Science, 2001, 293 (5536) :
1723-1724.

[ 7] Nil. Estimating net primary productivity of grasslands from field biomass measurements in temperate northern China. Plant Ecology, 2004, 174
(2):217-234.

[ 81 Knapp A K, Fay P A, Blair ] M, Collins S L, Smith M D, Carlisle J D, Harper C W, Danner B T, Lett M S, McCarron J K. Rainfall variability,
carbon cycling, and plant species diversity in a mesic grassland. Science, 2002, 298 (5601 ) . 2202-2205.

[9] Harper C W, Blair ] M, Fay P A, Knapp A K, Carlisle J D. Increased rainfall variability and reduced rainfall amount decreases soil CO, flux in a
grassland ecosystem. Global Change Biology, 2005, 11(2) : 322-334.

[10] Gong DY, Shi P J, Wang J A. Daily precipitation changes in the semi-arid region over northern China. Journal of Arid Environments, 2004, 59
(4):771-784.

[11] Liu Z, Wang D C, Zhang J C, Zhang J H. Tendency analysis of climate change and eco-degeneration in Sunite steppe. Inner Mongolia
Prataculture, 2008, 20(3) : 37-39.

[12] Ding X H, Chen T Z. Characteristics of temperature and precipitation in Inner Mongolia; 1958—2007. Meteorology Journal of Inner Mongolia,
2008, (2):17-17, 19-19.

[13] Hou Q, Wulanbater. Analysis of climate change and its effect on soil moisture over Inner Mongolia typical steppe in recent 40 years. Meteorological
Science and Technology, 2006, 34(1) : 102-106.

[14] Liu HW, Liu X R, Chen L Y. The distribution characteristics of extreme precipitation events in Inner Mongolia. Meteorology Journal of Inner
Mongolia, 2009, (6): 7-9.

[15] Zhao Q Y, Zhang W, Wang S G, Liu X W. Change of extreme precipitation events in arid and semi-arid regions in the east of Northwest China.
Journal of Desert Research, 2005, 25(6) : 904-909.

[16] Zhang L J, Zhao W Z. Daily precipitation pattern and its temporal variability in Heihe River Basin. Journal of Desert Research, 2008, 28 (4) .
741-747.

[17] Liu B, Chang X X, Li S B. Rainfall patterns and pulse characteristics in desert regions of the Heihe River basin. Acta Ecologica Sinica, 2010, 30
(19) : 5194-5199.

[18] Sai S B. Serious desertification of desert steppe zone and its control in northern Inner Mongolia. Journal of Arid Land Resources and Environment,
2001, 15(4) : 34-39.

[19] Ao D G W. The Study of the Soil Health Condition in Desert-Grassland [ D]. Inner Mongolia: Inner Mongolia Agricultural University, 2008.

[20] Ren HL, Li P, Shen W J, Ren H, Yang F. Difference of desert ecosystem responses to elevated atmospheric CO, concentration between dry and
wet years. Journal of Tropical and Subtropical Botany, 2006, 14(5) : 389-396.

[21] LiCL, Li WJ. Tendency analysis and spatial pattern of aboveground vegetation biomass based on NDVI in Sunite Left Banner, Xilingole. Journal
of Arid Land Resources and Environment, 2010, 24(3) ; 147-152.

http ; //www. ecologica. cn



6934 A E = 324

[22]

[23]
[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]
[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]
[45]

Gong D Y, Wang J A, Han H. Trends of summer dry spells in China during the late twentieth century. Meteorology and Atmospheric Physics,
2005, 88(3/4) : 203-214.

Zhang J C, Lin Z G. Climate of China. New York: Wiley and Shanghai Scientific and Technical Publishers, 1992 . 376-376.

Chen D D, Dai Y J. Characteristics of Northwest China rainfall intensity in recent 50 Years. Chinese Journal of Atmospheric Sciences, 2009, 33
(5):923-935.

Zhai P M, Pan X H. Change in extreme temperature and precipitation over Northern China during the second half of the 20th century. Acta
Geographica Sinica, 2003, 58(S1) . 1-10.

Bonsal B R, Zhang X, Vincent L A, Hogg W D. Characteristics of daily and extreme temperatures over Canada. Journal of Climate, 2001, 14
(9) : 1959-1976.

Hao Y B, Wang Y F, Mei X R, Cui X Y. The response of ecosystem CO, exchange to small precipitation pulses over a temperate steppe. Plant
Ecology, 2010, 209(2) : 335-347.

Ma R F. Climate Change During the Past 50 Years and Its Impact on the Production Ability in Inner Mongolia Grassland [ D]. Beijing; Chinese
Academy of Agricultural Sciences, 2007.

Zhai P M, Zhou X K. Changes in temperature and precipitation and their impacts on drought in China during 1951—2003. Advances in Climate
Change Research, 2005, 1(1) . 16-18.

Yang W Y. Study on the Evaluation of Regionalization of Protection Type Based on Temporal and Spatial Hydrothermal Distribution of Grassland of
Xilingol [ D]. Beijing: Chinese Academy of Agricultural Sciences, 2007.

Zhai P M, Wang C C, Li W. A review on study of change in precipitation extremes. Advances in Climate Change Research, 2007, 3(3) .
144-148.

Jackson R B, Carpenter S R, Dahm C N, Mcknight D M, Naiman R J, Postel S L, Running S W. Water in a changing world. Ecological
Applications, 2001, 11(4) . 1027-1045.

Hu Z M, Fan ] W, Zhong H P, Yu G R. Spatiotemporal dynamics of aboveground primary productivity along a precipitation gradient in Chinese
temperate grassland. Science in China (Series D) ; Earth Sciences, 2007, 50(5) : 754-764.

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

Lauenroth W K, Sala O E. Long-term forage production of North American shortgrass steppe. Ecological Applications, 1992, 2(4) : 397-403.
He F, Li X L, Wan L Q. Research progress in relationship between rainfall and grassland primary productivity. Chinese Journal of Grassland,
2008, 30(2) : 109-115.

Chang X L, Yang C. Effect of precipitation on vegetation composition and productivity in Kerqin sandy grassland. Grassland of China, 2000, (3):
7-11, 16-16.

Nippert J B, Knapp A K, Briggs J] M. Intra-annual rainfall variability and grassland productivity: can the past predict the future? Plant Ecology,
2006, 184(1): 65-74.

Fay P A, Carlisle ] D, Knapp A K, Blair ] M, Collins S L. Altering rainfall timing and quantity in a mesic grassland ecosystem: design and
performance of rainfall manipulation shelters. Ecosystems, 2000, 3(3) : 308-319.

Huxman T E, Snyder K A, Tissue D, Leffler A J, Ogle K, Pockman W T, Sandquist D R, Potts D L, Schwinning S. Precipitation pulses and
carbon fluxes in semiarid and arid ecosystems. Oecologia, 2004, 141(2) . 254-268.

Jing S G. Current situation and ecological restoration tactics of grassland in Sunite Left Banner. Inner Mongolia Prataculture, 2009, 21(2):
17-19.

Li Y H, Mo W H, Yang C, Ye B. Aerial biomass and carrying capacity of steppe vegetation in Inner Mongolia and their relations with climate.
Journal of Arid Land Resources and Environment, 1994, 8(4) : 43-50.

Li B L, Zhou C H. Climatic variation and desertification in west sandy land of Northeast China Plain. Journal of Natural resources, 2001, 16(3) ;
234-239.

Wu X B. Grassland animal husbandry and disastrous weather. Contemporary Animal Husbandry, 2001, (3) . 24-26.

Yan L D, Zhang G S, Li F X. The climatic mode of natural herbage yield formation on northern pasture of China. Pratacultural Science, 2003, 20
(7):8-11.

S 3k

[5]

e, EA, TR, AR, WA, REER. RS AR E T o ZAA R SR AR A AR AR, B AR AR AR, 2009, 20(2)
235-240.

http ; //www. ecologica. cn



22 1 FRZE 25 .1956—2009 4 P 5 vy 75 J 4 20 L e 185 B JER ) R Kk A ) 6935

[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]

[21]
[24]
[25]
(28]
[29]
30]
[31]
[33]

[34]

Xk, ERE, RIFE, RITAL SRR RE SRR A S A AT, SR, 2008, 20(3) : 37-39.

THAE, BRIEE. WS HLIXIT 50 4R IRMRKASRRRE. PISETH <4, 2008, (2): 17-17, 19-19.

BB, B2 EURER. NS IR RE S IXGIT 40 ARS8 Ak B J0XS 3K i s . SRHL , 2006, 34(1) : 102-106.

XVEMG, XNFHAR, R . NS H AR K S R-E. NS84, 2009, (6): 7-9.

Bz, ki, BT, XHH. PGALH R IRES T 22 TR AR oK SRR 8. T E B, 2005, 25(6) : 904-909.

JRALAS, SR, B E KA R R TR AR (. AR EVDEE, 2008, 28(4) : 741-747.

XK, H 2], ZESFE. AT L X R K AR Jr) SRR S RRIE. A8 2:4, 2010, 30(19) : 5194-5199.

FEMEE. S L FRE R SR ™ T B R, TR X IR SRS, 2001, 15(4) : 34-39.

OSSR R T RRR B SY [D]. S SRR, 2008.

SR, 2200, WA, B, . TRBA S RGN KR CO, We BT m i (9 T4 25 5. #4010 G A 2= i, 2006, 14(5) .

389-396.

BV, ZOCE. BT NDVI 8 930 R A T R AT A Y i S e M Az [l dg Ry, TRIX IR 53058, 2010, 24(3) : 147-152.
& B EF T AERE P X R KSR EARBRRE. SFRHE, 2009, 33(5) : 923-935.

AL, Wrede. hEALTTIE 50 4R B FIRE A AR AL, M PR, 2003, 58 (HET) ¢ 1-10.

DGy, PSRRI 50 4R R AL B e AR P s [ D], dbat. P ERERERE, 2007.

A, ARJBTE. 1951—2003 4FH (= SR FIRE K AR A0 B X T B ma. A A2 (b Foe e, 2005, 1(1) : 16-18.

M. TR A 23 43 A5 A AR W R b AR 3 28 R AN BFSE [ D], dbst. s ERARERE, 2007.

WIS, THEFE 2. Mmook SRR, ARSI, 2007, 3(3) : 144-148.

BATR, BEVTOC, AR, FO. P ENRA R M A ROK BB R s AR S . P EBRE (D) . HiERERF, 2006, 36(12)

1154-1162.

et ok, Bak, B, TRs. W R AY R A SN TFRCR. hEBEE (CH) . Ak, 2008, 38(1) .

84-92.

fafide, ZEpmIAR, 7R, FK X R R R A S AT . b E B 24, 2008, 30(2) ¢ 109-115.

WAL, B, BHRIO TP K S0 3l 0] B AR 2 ORI A 7= S ST b R R 2000, (3) . 7-11, 16-16.

S AR R R BAR S AR SR E ST, NS R, 2009, 21(2) ¢ 17-19.

ZEKE, BOCLL, e, M. NS FEREFRYBTE M LAY R RIS R E R A SRR, TREERSHEL, 1994, 8(4) .

43-50.

ZEFEMR, JRURE. ARICTRE DU Db A AR AR S 5 Ak, B AR BEIRAAA, 2001, 16(3) : 234-239.

FFEE RFEFHOL S REERSI. SREFM, 2001, (3): 24-26.

B, SRR, 22 X0EE. FREAL X RO = 8 R SRt Bl RHE | 2003, 20(7) : 8-11.

http ; //www. ecologica. cn



ACTA ECOLOGICA SINICA Vol. 32,No.22 November,2012( Semimonthly )
CONTENTS

The combined effects of elevated CO, and elevated temperature on proliferation of cyanophage PP «-eeeeeeeereneniieniiiiiiiiin,

.................................................................................... NIU Xiaoying, CHENG Kai, RONG Qiangian et al (6917)

Precipitation pattern of desert steppe in Inner Mongolia, Sunite Left Banner: 1956—2009 ------.-- CHEN Jun, WANG Yuhui (6925)
Emergy and economic evaluations of two sewage treatment systems — «+e-eeeeeee LI Min, ZHANG Xiaohong, LI Yuanwei, et al (6936)
Individual spatial pattern and spatial association of Stipa krylovii population in Alpine Degraded Grassland «««-++eeeveeeeeeeeeieenecnne.

......................................................................................................... ZHAO Chengzhang, REN Heng (6946)
Litter characteristics of nutrient and stoichiometry for Phyllostachys praecox over soil-surface mulching — «+-e-eeeerereeemeeeieaiiei...

.......................................................................................... LIU Yadi, FAN Shaohui, CAI Chunju, et al (6955)
Characteristics of leaf element concentrations of twelve nutrients in Acacia confusa and Leucaena glauca in secondary forests of
acid rain region in Fuzhou ««+eeoeveveeeeeieiiiniiii HAO Xinghua, HONG Wei, WU Chengzhen et al (6964 )

Relationships between main insect pests and their predatory natural enemies in “Yuhualu” juicy peach orchard ««+coeeeveeeeeieiiiiinnns

............................................................................................. KE Lei’ SHI Xiaoh’ 70U Yunding’ et al (6972)

Simulating 10-hour time-lag fuel moisture in Daxinganling «««seeeeereeeeaeeennns HU Tianyu, ZHOU Guangsheng, JIA Bingrui (6984 )
Soil nutrient characteristics under different vegetations in the windy and sandy region of northern Shaanxi «-«-sesesveeereeeereianniin.
..................................................................................................................... LI Wenbin, LI Xinping (6991)
Partitioning of autotrophic and heterotrophic soil respiration in southern type poplar plantations = «-«+seerereereeeeieiiiiii..
....................................................................................... TANG Luozhong, GE Xiaomin, WU Lin, et al (7000)

Soil water and salinity in response to water deliveries and the relationship with plant growth at the lower reaches of Heihe River,
NOFThWESIET CRIMA  +« e eeeeeerneneneneneneneneneneneetieeneneeneeeneeenenenaaenans YU Tengfei, FENG Qi, LIU Wei,et al (7009)

Effect of stem diameter at breast height on skewness of sap flow pattern and time lag «+e+orrereremrreeeeiiii
....................................................................................... MEI Tingting, ZHAO Ping, NI Guangyan, et al (7018)
Invasion of exotic Ageratina adenophora Sprengel. alters soil physical and chemical characteristics and arbuscular mycorrhizal
fUNGUS COMMUNILY  +++eersresrrmmemereneresees sttt YU Wenging, LIU Wanxue, GUI Furong, et al (7027)
Models and methods for information extraction of complex ground objects based on LandSat TM images of Hainan Island, China ------
.............................................................................. WANG Shudong, ZHANG Lifu, CHEN Xiaoping, et al (7036)

Effects of snow pack removal on soil hydrolase enzyme activities in an alpine Abies faxoniana forest of western Sichuan -«+---eeeveeeeees

................................................................................. YANG Yulian, WU Fuzhong, YANG Wangin, et al (7045)
Effects of different soil water treatments on photosynthetic characteristics and grain yield in rice «-eseesereeerreermniiiaii...
.............................................................................. WANG Weixiao, LIU Xiaojun, TIAN Yongchao, et al (7053)

Growth characteristics, lignin degradation enzyme and genetic diversity of Fomes fomentarius by SRAP marker among populations -+
......................................................................................................... CAO Yu, XU Ye, WANG Qiuyu (7061)

Effects of the invasion by Solidago canadensis L. on the community structure of soil animals = =+eseeeereremeemeeeniiiii

....................................................................................... CHEN Wen, LI Tao, ZHENG Rongquan, et al (7072)
Effects of intercropping on quality and yield of maize grain, microorganism quantity, and enzyme activities in soils «oeeeeeeeeeeeeceeees
........................................................................... ZHANG Xiangqian , HUANG Guoqin , BIAN Xinmin S et al (7082 )
Influence of mycorrhizal inoculation on competition between plant species and inorganic phosphate forms — «-eeeereeeeeemeeieniaii...
................................................................................. ZHANG Yuting, ZHU Min, XIAN Yanxiangwa, et al (7091)
The stable nitrogen isotope of size-fractioned plankton and its relationship with biomass during winter in Daya Bay =~ «+-«ceeoeeeeeeeeeees

.......................................................................................... KE Zhixin, HUNG Liangmin, XU Jun, et al (7102)
Dynamics of toxic and non-toxic Microcystis spp. during bloom in the large shallow hypereutrophic Lake Taithu «--ceceeeeeeeeeeeeinennnns
................................................................................................ LI Daming, YE Linlin, YU Yang, et al (7109)
Activities of antioxidant enzymes and Zn-MT-like proteins induced in Chlorella vulgaris exposed to Zn®t e
............................................................................................................ YANG Hong, HUANG Zhiyong (7117)
Ecological footprint in fujian based on calculation methodology for the national footprint accounts — «s-eseseerererreemiaiieaiii...
............................................................................................................... QIU Shoufeng, ZHU Yuan (7124)

The comparison of CO, emission accounting methods for energy use and mitigation strategy: a case study of China — «ereeeeereeeeeeennne.

.......................................................................................... YANG Xiai, CUI Shenghui, LIN Jianyi,et al (7135)
Ecological damage assessment of jiaozhou bay reclamation based on habitat equivalency analysis ~ --- LI Jingmei, LIU Tieying (7146)
The value assessment of county-level ecological assets: a case in Fengning County, Hebei Province —«--eeeeeeeeeeemiieiniiiiiie,

....................................................................................... WANG Hongyan, GAO Zhihai, LI Zengyuan et al (7156)
Review and Monograph
Molecular basis for enhancement of plant drought tolerance by arbuscular mycorrhizal symbiosis: a mini-review «-+seeeeeeeeeeeieieaiiinnn.

................................................................................................ LI Tao, DU Juan, HAO Zhipeng, et al (7169)
A review of carbon cycling and sequestration in urban soils — ++eeeeeeeeeeen LUO Shanghua, MAO Qizheng, MA Keming, et al (7177)
overview on methods of deriving fraction of absorbed photosynthetically active radiation (FPAR) using remote sensing ««-«e-eoceseeeee

.......................................................................................... DONG Taifeng, MENG Jihua, WU Bingfang (7190)
Research progress on influencing of light attenuation and the associated environmental factors on the growth of submersed aquatic

T WU Mingli, LI Xuyong (7202)
The framework of stoichiometry homeostasis in zooplankton elemental composition — =+=s-eeeeeeeereeeeeniiiia... SU Qiang (7213)
Scientific Note
Abundance and biomass of planktonic ciliates in the sea area around Zhangzi Island, Northern Yellow Sea in July and August

DOT()  weevrreremeneeneneneeneneenenentaeneatneraeeneeenenaeaeneeaenenne YU Ying, ZHANG Wuchang, ZHANG Guangtao, et al (7220)
Research of wildlife resources sustainable development based on entropy method in China = +eeeeeererereeeieiii

............................................................................................. YANG Xitao,ZHOU Xuehong,ZHANG Wei (7230)
Influence of residue composition and addition frequencies on carbon mineralization and microbial biomass in the soils of agroforestry

SYSLEIIIS ++vvretessssrmmmmuutnsrtresst ittt s WANG Yikun,FANG Shengzuo, TIAN Ye,et al (7239)
Seasonal changes in microbial diversity in different cells of a wetland system constructed for municipal sewage treatment —«««-e«eeeeeee

................................................................................. CHEN Yonghua, WU Xiaofu s ZHANG Zhenm ,et al (7247)



(AR R EAE S A2 T

(EFFR)2013 FMEITHRE

BRG], QT T 1981 4, F2 2 RIE A A0

FEIR IR BRI R SR | R0 BE S e AR A A2

Bk ARG B AT R AR B AS SOT RS = A R45
CHEZSZE) 2 H A, K 16 FF4%,300 BT, B N2 90 Jo/ M, 448 22 fr 2160 TG,
PR &A% . 82-7, [ AMIR £ AR5 . M670

FRUET]S . ISSN 1000-0933

CN 11-2031/Q

K JETT 0] WYL F5 LR M SO s WF ST T 41 5 AR

TN TELIRI N

A [E A5 LR Ry T P T I, ] B4 S A A AR S WG R A BRI A e A AL TR

TESETT R

I HE . 100085 Jb R X XUEH 18 5 H

E-mail. shengtaixuebao@ rcees. ac. cn

AT
9532 4

2

WEMEMRE flaty

&5 % B
(SHENGTAI XUEBAO)
1981 43 A AH))
522 1

(2012 £ 11 H)

iE: (010)62941099; 62843362

HE: www. ecologica. cn

BUTHE XIKE B A
ACTA ECOLOGICA SINICA
('Semimonthly, Started in 1981)

Vol. 32 No. 22 (November, 2012)

H Ht H
ShgR 3

Ho AR
B Rl
®x 17
iT M
B &1T
ITERE
W Al E

(AR ) iR

Hhik b5 XU 18 5
MR L 4 % - 100085

Hi% : (010)62941099

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

HhE R AR S

rf E b B A AR T L
Huhk . 6 BT E KBS I 18 &
R B 2 1 - 100085

- & B i
otk S AR BIARIL AT 16 5
M B i A . 1RO0717
At AREN R

- & B i
itk AR BEIRARILE 16 5

HR B A . 100717

L35 : (010) 64034563

E-mail ; journal @ cspg. net

4 [ - HU bR )R

rp ] [ B 5 57 ) S )
Hudk . b5 399 546

MR L i 5 : 100044

UG LRI 8013 5

Edite:

Editor-in-chief
Supervised by
Sponsored by

Published by Science Press
Add:16 Donghuangchenggen North Street,
Beijing 100717, China
Printed by Beijing Bei Lin Printing House,
Beijing 100083, China A
- . M N
Distributed by Science Press M N
Add:16 Donghuangchenggen North g
Street, Beijing 100717 , China 1 =n
—
Tel: (010)64034563 = N
E-mail ; journal @ cspg. net o _g
Domestic All Local Post Offices in China ; g
Foreign China International Book Trading (7] o
Corporation - N~
—
Add:P. O. Box 399 Beijing 100044 , China - o

d by Editorial board of
ACTA ECOLOGICA SINICA

Add: 18, Shuangqing Street, Haidian , Beijing 100085 , China

Tel: (010)62941099

www. ecologica. cn

Shengtaixuebao@ rcees. ac. cn

FENG Zong-Wei

China Association for Science and Technology
Ecological Society of China

Research Center for Eco-environmental Sciences

, CAS

Add 18, Shuangqing Street, Haidian , Beijing 100085 , China

ISSN 1000-0933

ERMAFRIT

CN 11-2031/Q

ERNEEZRS 82-7

E LTS M670

EM 70.00 T



	01.pdf
	22.pdf
	zm.pdf

	stxb201110161531.pdf
	02.pdf
	ym.pdf
	22fd.pdf


