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Seed Germinative strategy and ecological adaptability of Corisperimum

patelliforme

LIU Youjun™ ,LIU Shizeng, JI Yongfu, MA Quanlin, ZHANG Dekui,ZHANG Jinchun, WEI Linyuan
Gansu Key Lab of Desertification and Wind-sand Disaster & Gansu Desers Research Institute, Lanzhou 730000, Gansu, China

Abstract; Corispermum patelliforme, an annual plant species found in arid desert areas of the North China and Mongolia, is
an important economic species used for wind-breaking, sand fixation, pasture and fuel purposes. Seed germination and
seedling emergence are the critical stages of life cycle for the species. The study was conducted at Mingin National Studies
Station for Steppe Ecosystem in Gansu Province of China. In order to examine seed germinative strategy and ecological
adaptation of Corisperimum patelliforme, experiments of the effects of temperature, GA3 and light on seed germination in the
laboratory conditions were conducted. The effects of sand burial depths and GA3 on seedling emergence were simultaneously
studied in the field.

Mature seeds of C. patelliforme were collected from the dry plants of natural populations in the desert area of Minqgin
Oasis Basin in October 2005. The seeds were then stored in a shaded and ventilated room at temperature of 13 —30°C
before use in May 2006. To reduce the effects of other factors on seed germination and seedling emergence, the seeds for
germination and sand-burying experiments were treated by using soil siege wiping the big other seeds, eggs and branches off
and treated by fungicide Phygon before the germination process. Experiments were carried out with three groups of 50 seeds
each, on Whatman No. 1 filter paper, in 90 mm diameter Petri dishes. Germination was checked every 24h and seedlings
were removed.

Light treatments included Oh light, 12h light and 24h light. Temperature treatments included constant and changing
temperatures, including 15°C, 20°C, 25°C and 30°C of constant temperatures and 15/25°C, 10/30°C, 15/35%C and 5/

25%C of changing temperatures. A comparative experiment was carried out for the changing temperatures after seeds were
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soaked by H,0 and GA3 for 2 hours. The sand-burying experiment was conducted in the field at sand burial depths of 0.5,
1.0, 2.0, 3.0, and 5.0 cm. A comparative experiment of sand-burying was also conducted under the same sand burial
depths after seeds were soaked by H20 and GA3 for 2 hours.

The results showed that; (1) the optimum constant temperature for germination was 20°C for the seeds which had been
stored in dark under laboratory conditions, and the germination percentage reached ( 18.00 +1.41)%. The optimum
changing temperature for seed germination was 15°C/25°C in dark and the germination percentage was (28.00 £2.31) % ;
(2) the seed germination rate in changing temperatures was significantly higher than that in constant temperatures in dark,
except that under 5C/25°C (P <0.01); (3) C. patelliforme seeds were dark-demanders for germination and have
dormancy characteristic; (4) the seedling emergence dramatically decreased with the increase of sand burial depths in the
field. The suitable depth for seedling emergence was 0.00 —2.00 c¢m and the optimum depth was 0. 50 cm with the highest
seedling emergence of (16.80 2.85)% ; and (5) C. patelliforme had two distinct germinative strategies, i. e., quick
germination and dormancy. The results implied that, based on the germination characteristics and seed vigor, C.
patelliforme had a permanent soil bank. The results showed that germinative strategies of C. patelliforme were highly

adaptive to its habitats.

Key Words: Corisperimum patelliforme ; light; temperature; sand burial depth; GA3 ;seed germination; dormancy
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Fig.1 Seed germination in constant temperatures
B AR [l R B R R R 45 AL 20 R] 22 5 4% .35 (P <0.01) , AR
BRRRF AP 22 AP E (P >0.05)

2.4 JBRKMF TR TR
TEfEIR T, AR HUSCTE G BE Oh Z6(F T B & &
FRER A T AEC IR 24h S50 TF A RLIE BE AU A K R

B2 ETRFUHTHFHHER

Fig. 2 Seed germination in alternative temperatures
B R [l R B B3R 45 A 28 6] 25 Ak B35 (P <0.01) , MR
BERE MR ZFABE(P>0.05)

F1 TEBETERMERRTHFHLZAHNE(FEHE £SE)
Table 1 Effect of light on germination rate of C. patelliforme ( mean

(P<0.05) ,ZEASIRACMF T, BER USCZE B IR Oh Sk 5E)

FIBRAA R R TR 14h AT AR B (MR M e
BB (P <0.05) ; [FIHE LR 24h BT IR A 15 8.00£2.31*  0.000.00 -
BT, B BSE R T 2 R/NT 1.50% , #E B R 20 18.00 £1.41*  1.50£0.50 -
14h 288 &4 F, 78 15/25C B, ¥ & % 3k 3| 25 9.00+1.29*  1.00%1.00 -

10. 67% , 7 10/30°C , 7E 10/30°C 1 5/25°C A AR 85 & 30 6.67+1.337  1.33x1.33 -
(1) 100 Oh BAMFF R T S25CoM BRI 7 0= e
TAEREH FHHEEE TR FOEEE.  wa  sroame - omars
2.5 MFHEAFRVEERETHHER 5/25 8.00£2.31° - 0.00 £0. 00

FEVHLARME T, SRR B SLFE 3. 00—S5. 00em Ay T
PR BEVE Rl B LA, T BRAR R SE A

* FRAEAIFREE T , BIR Oh B R 5 24h Bk 5 14h i & %
FEP=0.05 KF - EREHE
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B—AUEERET W T REES T FH#ITEEK
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1. S5em WVPSRTREETO B Y, H B 8K, 7T WX 7 i
1T GA3 Ab3H 5 , B R Hu 52 s 7 83 i i A2 B 5V IR
R R, BAAERE R 1. 0cm,
3 itig
3.1 EEFEFMTHRFIH MR

200F A
15.0 |
10.0 |
50 B 5
0 e R
0.5 1.0 1.5 2.0 3.0 5.0
VPHRYRJE Sand burial depth/cm

H# & Seedling emergence/%

B3 WiERENT HEEME
Fig. 3 Effect of sand burial depths on seedling emergence
B R R RS R R 45 AL BRI 22 AR .3 (P <0.01) , AR
BN A 22 R A B (P >0.05)

*2 EZEEBOTEEAGT GA MM FHEMHW(PHE +
SE)
Table 2 Effects of GA3 on seed germination under alternative

temperature in continuous dark

i R T8 &% germination rate/%
Temperature/ . Diaigllﬁ 7Jv:ater (?Tfeill?iz
15/25 28.00 £2.31 100.00 +0.00 **
10730 20.00 £2.31 100.00 +0.00 **
15/35 21.33 £1.33 100.00 +0.00 **

 x FRTEARIFNREE FRFIT2IBK S GA3 IhH5H R
F£0.01 KFE LR BE

60.0 -
- O H20
x
g 00 2 §GA3
E’ 40.0 |- .
5] §§
P 300 |- D
5

A
8 200
2 T B
oo 10.0 T
H B A A

0
0.5 1.0 15 2.0 3.0 5.0

VYR BE Sand burial depth/cm

El 4 FF GA3 RIEFIIBR EX IR R B THF H & R
Fig. 4 Effect of sand burial depths on seedling emergence after
seed treated by GA3

B AR RS B2 4 4k B W] 22 54 .25 (P <0. 01) , A0 %
BN A 22 R A B (P >0.05)

A T B2 8 3 AR 1 AT LUE - BRAR R SERp 7 B E & B AR IF T, Rl T 9B A R A1 28. 00%
HERE AL 16.80% , RAEASCEA W M B[k , (ER VD SR AR (R UEK 23 B 2% 0F T 2EAT /9, T IL , 2R
HSER U A AR 35 D I I SRR I - b1 9 108 100.00% o Fh7-ilad GA3 AR HE, Bk AN
ERERBE R A (R 2, E 4) Br L BEOR SR 1 0 R A7 7ERARBLGE , T ELXAp 7 #E1T GA3 AL BLRAT R A T
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PRBR B —Fh A A R A% (B BRI RIR ML A itk — B B9 . Cohen™ I\, 7 P 7E A PR BRAIL A 2 HEA0
WEEARE YRR — R A 25 s, BMEEZE A K B8 BB T B i S0t A A T8 &, K43 Fh
FAE e AR A B R PR A K, B Oy T V8t X PR 35 B S P T , S REARAE AT 2 408 1 f T A 4 52 IR
AT S R, TSR e SR T PR BRATL A 7T LA A R0t PR AR [ e 42 J T 40 B i i =2 3 B2 K T = A R
BT IfER , A R TRBE N EATMkLL .
3.2 REE DGR R MR

TR BE SRR A R T B R 2 A R R, S R B AR A T B R L AR K . SRR, R T
BOE W AR AR B[Rl — R , i TP R R T OE 0 R IR AR o 7= F 70 45 B O 5 2 A8 ( Pinus
massoniana ) FFERARHIIREE T ( 19—23C) FH W BIR ZF R, 7™ T% 46 BE 1) B BARTE B i BE (28—
30°C) FREFHE ™ o [FAHRAR (Halaxylon ammodendron) , RILT PISE T % 22 45 X A 1508 B R IR E
o 25C , EETE 60°C M T & 2ERE L 64.2% 7 TRWCT b ERL et 8 F VDB ) E 1 T BE 5 &
B 10CBY,

HERAE R Bt X IR Sh YD b, i ahvd A TR R Y | A B St FRIZ Z S IR, 3
SCIRAYHEfEE R F IR ETE R T 2 B B R . R 1 IR, B iR M e BBV R,
15—30°C ; 7EZTE BN , T 0 2 R A R BE 100 5 SIS N5 T e 5 L 0 10— W R R A0 0, STE B DL
fy_EFETE AN, 76 25°C A BRI, B T 25°CJa , B R RBWIRIR ™ o X — S BRS04 Y 2 R A —
B, 7E R KRR S TR/ S A Y JT IR R, Do i R B IX 22 4 1) b 3R F SR Dy
22°C,#iE 20C . EBAERN 11—4 AR PFHRERT 10C, AF T 71w &, M7 D LM 7P
A, AR TRBE AR 72 5—10 A4y, IRIREETE 15—30C , REBX WK EBEHTET 89 Ah.F
FTFHpT B8 R B, ULITIZ BT BORBRR ST 8  , 4l AR ORI AE S5 SR SC TS , T Lol A 3t 3
BER B R M B R R SE AT R BRI R Sh A JRE B R .

TEBRFMT , BRI, W HARRE AR TIRERM T L. Flan, TR FE (Cleisogenes
songorica) | R R ( Chloris virgatta) %R FAEA RS F IR EIF o X — R 543018 M 4516 — B0 B
R HSETEEIR Oh AR IR T, BR T 7E 5/25°C oh, Hofl 3 MEEE T B &R R & THHIR TR AR(RL), X
FARRREAL AT 85 2R (R IR, — 5 VA 2 TR RB AR I 1 05 o , P A R0 B e A SR e B % A L
WAL TR T BMEK, NS & ™ . B—FE, EFRRAES RS, LR ZEE R N RZ, %
FHRGHIX | AR, B TR FED, BBIEH & H W N F F B4 T 0—Sem 9 HIERZ  F 7 AR
FAAERE TN BRAEB PR, B 5 W R MIRE R MERARR , A RE R 22 H IR E 2SN 40
7R R B A U, AN 3L 4 BT BRER BUSE AR T R B S BV IR E R 0—2em P HRE LA
5 FE SR SR R AR IR R 5 T ELE AR AR AR T SE R A AR T AOTRLEE , I LATE R T B SR R 5
FhFRIBE R o B RT DL , BRSSOl A R R 1 xS 2 U A o 7, 00 T R B SR W S  JE X RLE
ARAYIE B — 5 T

BT Y BT AL B AR SR B B AR W2 R PR 22 53, R TR W 1 B R X B SRR ], 78 1 - B e I 3R 4
H T RSOGO (IR R, KRBT LA 3 AP (1) A TSR RS RIDG IR S T AR RE AR
YFRIBT R ) 40, I JE R AEY) Eragrostis poaeoides, (2) B 1 Wi K 75 Z ™ 4% BIOL IR & B AE W) Artimisia
monosperma., (3 ) Fh ¥ 85 % B YW s b G40, BEFERLH Calligonum comosum., BEHFE M SIFH T2
— PTG ERN (3R 1) , X R0 R0 X e oz T RS SE 7 0 HR AR B8 i —Fh 7 =X, BB O 7E IR Bl IX B O 3l
W, 2 s v A )R, B 7 11 A BaREIRE 4 AWM Fii R & ¥ E2 KR ET, 2T
HRREE IR T A WO R AR, BT DL, ZE R @ B Y R o, SR USSR TR L T R R W R
R o

FEV BB R, VS U 7E25 18] L EH A0, 5 K A O VR TR I A
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TR K BRARARE , (ER R VPR 6 AR (9 P 4 P PT RS A IO R o SRR LS 7
B X B A WS A FT ASIESE T Y S IR 5 ZE TR B IX, 30 3R IR B AN B AR A AL R M B K, B
VDI DR IEE A3, S R A PR Bss , 3 R AGIE SE V03 o 4 39 IR 2 A 3R 5 4R, R, YD 4 B A
Wiy S AR 1A i AR BE FIOL IR R (Bl ER R A Y RO B . — BB DL R, 3 TRE W 1R U, A 2F
I T SR R VDS R 6 S AR, PR % TR e SRR UG, A B 2 U SR BE 0 1 i e
(& 3) , T EE R YDHRGEEE 0. 5—2. Ocm, S (EHI VPRI BE N 0. Sem; X AT BESZ AR PO R 20, 265
—, TSR H SR 1 B R T L ) L BE Y R A, T EL AR YR S A TR T A, IR R R AR B AR
JE F 8 iAo R3S, AR S T L A AR 2, B i L A )3 L O A IR Y L5 2, R
TR T8 R JE A S i R DGR BE RSN, A7 W BB B T I 2 = RETRIRIX. 1 4R AR A
T RX KT I BSRAR (BN K TR AU e L R B A R LT 2 RE HRERKRRE
W B TR KR , B VDI IR A3 A b AR FsEs o 5 0, BRSR U SE A T RLE B/, (U (1. 72 £0.02) g,
ANATBE BRI 1 R WA A Ve o SR R S e X A o O X 0 9 A 35 P L BE OB IR LK 2 XU £
HIEH
3.3 FhTw AR B N BRI A A R

FRiRHLX 1 AF AR b8 2 SRS X AN RE AT ) — PP B 22 (008 REML A, AASSCROBIT ST 45 R Kk &, B
FEAEGRAE /K S RIS B VSR R BE IR B AR T, KR R SR AR AL FARBRIR S . KT 1 F 44
Yh B A XA T B B YA IR A RLALA , B BTRTSTA A BIARE , H—  JE | AEAA d i
R B A W SR RO R AR e 5 ST R T S P B R 1 AR A A Wl o R B R (R TR EIR
HUHD SRBLA PR B AREH Y, —RIBR T, 1 AR YHER T & 0 7 A B R — Aol B R
B A A T P P R £ R 4l B T B T B PR AR A T BRI AE A AL, AT DA AE 0ok 3R 85 A R i
WP s 5 — iR HEAR B S B IR — A K, 5 R P O T B — B T AR A

MR SR T B R I SERORE , BER SR T ILIBTE0 IR Oh IR AR T, iE R 7E G IR Oh iR IR 4
TRB AR, B RTE B AN S AR T e ARERARAER, T EL AT B9 F1 2 100% |, 3 158 B BV A 3 L 3R
BT  BRER BSERR 7 A /NI S, KR Fh -4 TARBRR S s RPN SL B i B o R B, ZE 4R A
¥ 20d PYBRIR HL S F H 1 AL BB A B S R AE, AT LR 7 B AV, BT LA, TSR SR 1 (9 e B R B
AR B 5 WA 42 SRS 5 BEA 1A A B0 BA T 1 B 1 LA 31 R O TE SU7P 78 T 3 i TR s A 1 3
TR, BUTEE BT, A/ R TR, 78 L3R TR R T BRI AR M . IABRSR 1
SR TR G RRTE , H RO LUS — R B R B N £ o Grime™ 36 3 [ 1 3F /K 4 ( Sheffield ) 3t [X.
Z PRI A AT X SRHEAT LRI GE , R BU/IVEL R BRI BRIE 5 T8 2 T8 AR A L3 1 2 s R U SE B 5T
K TR RN 1. 72¢, AR NEBIY ; 18 T A0 T B TRLE N 0. 0463g, TR RN B B BRI , P slFF Atk +
AP . TARSR ML S 5 I JE FAR L, OB FERAEBRIE , X — 5 Grime MBFFES5IEA Y. ETHEH
BRI o Tl X BRR R T B N AT B , 17 1 47 A A A B AR: e SR 1O A 9 S A P 3R 2
AR, TSR H ST A T U A Rk B AR R O3, O B g R 1 AR A AR (Bt FORAR D B —
TR T BT A, SERRAETE S5 BT LA, BVEEAERR B TR B4R T , BB ARIETRAR U SE AR A9 35E , OB AE R i T 5
ARGy , B SR AR L 5 IO X ERP RS I SRR FAE S R R VR T R IE L Z AR o

References::

[1] LiuY X. Flora of Desert from China. Beijing: Science Presss, 1985 ;1:407-409.

[2] LiuZM, JiangD M, Gao H Y,Ch X L. Relationships between plant life history strategies and disturbance. Chinese Journal of Applied Ecology.
2003,14(3) :418-422.

[ 3] Tevis L Jr. Germination and growth ephemerals induced by sprinkling a sandy desert. Ecology,1958,39: 681-688.

[4] XingF, GuoJ X, Wang Y H. Seed germination characteristics and regeneration mechanism of Stellera chamaejasme population. Chinese Journal of

hitp : //www. ecologica. cn



24 5 XEE 4 BRS80S A E R 6917

[5]

(6]

(7]
[8]
(9]
[10]
[11]
[12]
[13]
[14]
[15]

[16]
[17]

(18]

[19]

[20]
[21]

[22]

[23]

[24]

[25]
[26]

[27]
(28]

[29]
[30]

[31]

[32]

[33]

[34]

Applied Ecology,2003,14(11) :1851-1854.

Zeng Y J, Wang Y R, Sha R, Tian X M. Response of seed germination of three xeromorphic shrubs to drough stress. Chinese Journal of Applied
Ecology,2002,18(3) :983-956.

Evenari M, Gutterman Y. Observation on the secondary succes-sion of three plant communities in the Negev desert, Israel. 1. Atermisietum herbae
albae // Jacques R, ed. Hommageau Prof. P. Chouard. Etudes de Biologie Vegetale. Paris: CNRSGif Syr Yvette,1976: 57-86.

Loria M, Noy-Meir I. Dynamics of some annual populations in the losses plain. Israel Journal of Botany. 1979/1980, 28, 211-225.

Roberts E H. Temperature and seed germination//Long S P, Woodward F I, eds. Plant and Temperature Symposia of the Society of Experimental
Biology. Cambridge: Company of Biologists, 1988 ,109-132.

Pons T L. Seed Responses to Light. Seeds: The Ecology of Regeneration in Plant Communities. 2nd Edition. NewYork: CABI, 2000 :237-260.
Bewley J D, Black M. Physiology and Biochemistry of Seeds. Berlin: Springer, 1982, 2:258-3374.

Koller D. Germination-regulating mechanisms in desert seeds Ill. Calligonum comosum L. Ecology, 1956, 37:430-433.

Heydecker W, Higgins J, Gulliver R L. Accelerated germination by osmotic seed treatment. Nature, 1973, 246 42-44.

Osbome D J, Sharon R, Ben-Ishai R. DNA integrity and repair. Israel Journal of Botany, 1980/1981, 29, 259-272.

Ellner S. Germination dimorphisms and parent offspring conflict in seed germination. Journal of Theoretical Biology,1986, 123(2) ;173-185.
Klinkhamer P G L, de Jong T J, Metz J A J, Val J. Life history tactics of annual organisms: other joint effect of dispersal and delayed germination.
Theoretical Population Biology,1987,32(1) ;127-156.

Cohen D. Optimizing reproduction in a randomly varying environment. Journal of Theoretical Biology, 1966, 123(1) :119-129.

Ellner S. ESS germination strategies in a randomly varying environment | . Logstic-type model. Theoretical Population Biology,1985, 28(1) : 50-
79.

Ellner S. ESS germination strategies in a randomly varying environment II. reciprocal yield law model. Theoretical Population Biology,1985,28
(1) :80-115.

Nilsson P, Fagersir m T, Tuomi J, Astrom, M. Does dormancy benefit the mother plant by reducing sib competition, Evolutionary Ecology,1994,8 ;
422-130.

Ellner S. Competition and dormancy: A reanalysis and review. American Naturalist,1987.130:798-803.

Kobayashi Y, Yamamura N. Evolution of Seed Dormancy by Sib Competition ; Effect of dispersal and inbreeding. Journal of Theoretical Biology,
2000, 202(1) ;11-24.

Grime J P, Mason G, Curtis AV, Rodman J, Band S R, Mowforth M A G, Neal A M, Shaw S. A comparative study of germination characteristics
in local flora. Journal of Ecology,1981,69. 1017-1059.

Gutterman Y, Evenari M. The influences of amounts and distribution of irrigation during the hot and dry season on emergence and survival of some
desert winter annual plants in the Negev Desert. Israel Journal of Plant Science, 1994 ,42:1-14.

Juhren M, Went F W, Philipps E. Ecology of desert plants. IV. Combined field and laboratory work on germination of annuals in the Joshua Tree
National Monument, California. Ecology,1956,37:318-330.

Mott JJ. Factors affecting seed germination in three annual species from an arid region of western Australia. Journal of Ecology,1974,62: 699-709.
Gutterman Y, Evenari M. The influence of amounts and distribution of irrigation during the hot and dry season on emergence and survival of some
desert winter annual plants in the Negev Desert of Israel. Israel Journal of Plant Science, 1994 ,42.:125-134.

Cohen D. Optimizing reproduction in a randomly varying environemnt. Journal of Theory Biology, 1996, 12:119-129.

Yu X J, Shi SL, Long R J, Wang F,Chen B J. search progress on effects of ecological environment on seed germiantion. Prataculture Science,
2005, 23(10) :44-49.

Zheng G H,Shi Z L,Zhao T F. Practical Seed Physiology. Beijing: Agricultural Press,1990:91-135.

Zhang S X, Zou S'Y, Yang M X. Study on germination characteristics of Haloxylon ammodendron. Joumal of Inner Mongolica Forestry College,
1985.17(2) :56-63.

Huang Z Y, Zhang X S, Yitzchak Gutterman Zheng G H. Effects of light, temperature and salinity on the seed germiantion of Haloxylon
ammodendron. Acta Phytophysiologica Sinica, 2001, 27 (3) :275-280.

Li Q Y,Wan H Y. Effects of temperature and substrateon type on seed germination of Nitraria sphaerocarpa. Chinese Journal of Ecology, 2008 ,27
(5):723-728.

YuXJ, Wang Y R, Zeng Y J, Su D. Effects of temperature and osmotic potential on seed germination of Cleistogenessongorica and Plantago
lessingii. Acta Ecologica Sinica, 2004,24(5) :883-887.

Ajmal Kan M, Ungar 1 A. Seed germination and dormancy Polygonum aviculare L., as influenced by salinity, temperature and gibberellin acid. Seed
Science and Technology, 1998,26.107-117.

hitp : //www. ecologica. cn



6918 £ A5 % R 30 %

[35]
[36]

[37]

[38]
[39]

[40]

[41]

[42]
[43]

Gulzar S, Khan M A. Seed germination of a Halopytic grass: Aeluropus lagopoides. Annual of Botany, 2001,87 :319-324.

LiXH, Li X L,Jaing DM, LiuZ M, Yu Q H. Annual plant species in arid and semi-arid desert regions. Chinese Journal of Ecology, 2006, 25
(7) :851-856.

Kerena A ,Evenari M. Some ecological aspects of distribution and germination of Pancralium maritimum L. lIsrael Journal of Botany, 1974 ,23.202-
215.

Koller D. Germination regulating mechanism in desert seeds Ill. Calligonum comosum L. Ecology, 1956, 37 : 430-433.

Li R P, Jiang D M, LiuZ M,Li X H, Li X L, Yan Q L. Effects of sand-burying on seed germination and seedling emergence of six psammophytes
species. Chinese Journal of Applied Ecology, 2004, 15(10) : 1865-1868.

Venable D L, Brown J S. The selective interaction of dispersal, dormancy and size as adaptations for reducing risk in variable environment. The
American Naturalist, 1988 ,131;360-384.

Kevin ] R, Androw R D. Seed aging, delayed germination and reduced competitive ability in Bromus tectorum. Plant Ecology, 2001, 155
237-243.

Kalisz S. Experimental determination of soil seed bank age structure in the winter annual Callinsia verna. Ecology,1991,72,575-585.

Grime J P. Plant stretegies, Vegetation Processes, Ecosystem Properties. Chichester:John Willey&Sons, 2001.

B30k :

(1]
(2]
[4]
(5]
(28]
[29]
[30]
[31]
[32]
[33]
[36]
[39]

Xgets. o Y EAEY & (H—%) . JLat - Bl iR , 1985 :407-409.

XGRS W RI , RLTBE, B AL A AR s AN SR S TIN5 R . RERIAEASSE4],2003,14(3) 1418-422.

THoAR , SRR , EHILT. JRARD T 8 R FRIE R R AL BLE]. B A 25244, 2003,14(11) :1851-1854.

BEZE, LR, -, HEM. JURN S A MR 0 A0 T SH08 iR, B2 AR ,2002, 18(3) ; 983-956.
/N IR AL, BHEE, 35, BRACE. AR A AR xR T 0 SO A BT STk . Rk B2, 2005,23(10) :44-49.

HOEAE, SBAL, XI5 SE R F A 2. JEat Rl A, 1990, 91-135.

A, AR 45, R RN T R R IR T L. NS M BeaE R, 1985. 17(2) :56-63.

BEPRIE, FKHTS, Yitzchak Gutterman, XRJtAE. SR IR BRI X RAREH K R, A4 A BREAHE, 2001,27(3) + 275-280.
2Rk, D YR AR SOOI T B A IR R ARSIk, 2008,27(5) 1723-728.

/N, EEOR, G EE, IR R 0 B T H 0 4 R RITRR R K. AE AR, 2004 24 (5) - 883-887.
FEAE, AR AR, B, TR, TRET RS EMX —EE YR L0E. AR, 2006, 25(7) ; 851-856.
BRI X, T, 2522, [H 5 3. YRS R U A AR R T B AN Sl o . AR S S, 2004, 15 (10)
1865-1868.

hitp : //www. ecologica. cn



2009 £ FEYER BWE SRR E F 710 ZH T
(BT 2010 4 A5 CSTPCD Ui )

e -3

e Wl o ston | Ondes WP o ingaet o
1 EFER 11764 1 EFER 1.812
2 N A 9430 2 TEYETHM 1.771
3 YA RER 4334 3 N AR 1.733
4 FEAbAE Y= R 4171 4 Yt 1.553
5 HERLE 4048 5 ERFLE 1.396
6 T AEE R 3362 6 [iip| sty =i 0.986
e
8 MOLECULAR PLANT 1788 8 CELL RESEARCH 0.873
9 TR A )R 1773 9 YR 0.841
10 BAE2E 1667 10 YR 0.809

* (AEZSEAR) 2009 FEFERZC A 1964 PRSI TIHER H B85 10K 11764 I, £ EHEAE 1; FuH
T 1.812, £ EH RS 14,55 1 ~9 JRIES 9 F AR EE AL AT P ERBBSHAT

HEMEME: fLaie

(SHENGTAI XUEBAO)
(CEAT] 1981 48 3 AEIT)
#30% 248 (2010412 A)

PATHRE: XIRE B &

ACTA ECOLOGICA SINICA
('Semimonthly , Started in 1981)
Vol.30 No.24 2010

E-] 3B (AESEWR) HEES Edited by Editorial board of
Hidik - AU RO E X B 3 18 5 ACTA ECOLOGICA SINICA
IS % : 100085 Add: 18, Shuangqing Street, Haidian , Beijing 100085 , China
HiTE : (010) 62941099 Tel: (010)62941099
www. ecologica. cn logi
; www. ecologica. cn
shengtaixuebao@ rcees. ac. cn Shengtaixuebao@ rcees. ac. cn
iy . ac.
i ﬁ ﬁ%ﬁM& Ko Editor-in-chief FENG Zong-Wei
* ; i ﬁiiiﬁ %E Supervised by China Association for Science and Technology
3 :\-'t- P zxh,p Sponsored by Ecological Society of China
T E R B A SIR BT
ik LRI X XU R 18 B Research Center for Eco-environmental Sciences, CAS
HIR B 2 F5 - 100085 Add 18, Shuangqing Street, Haidian , Beijing 100085 , China
H R 4+ 4 2 X it Published by Science Press
Hidik b A EBARILE 16 & Add:16 Donghuangchenggen North Street,
MR B 4R A5 . 100717 Beijing 100717, China
ER R AeEACARER R Printed by Beijing Bei Lin Printing House,
£ T4 & &2 K & Beijing 100083 , China m 4
Hihk R EAR LA 16 5 Distributed by Science Press g: N—
BRI RS : 100717 Add ;16 Donghuangchenggen North (=) =
gﬁﬁ 31(910)2142)34563 Street, Beijing 100717 , China L ==o°
-mail ; journ: cspg. net Tel : (010) 64034563 (=] _;
i ,m?. é@%ﬂﬂﬂ]m%\ E(imail :journal @ cspg. net S =8
Bsh&fT HEERERHS BAE Domestic All Local Post Offices in China 2 _8
ik JLEE 399 1544
HR B G « 100042 Foreign China International Book Trading 3 =8
* N
FrEgE 5 Corporation H —
W A CVELEFA 803 S Add:P. 0. Box 399 Beijing 100044, China o
ISSN 1000-0933 P - —— —
TN T oMo ERMAFELT EWEREKS 82-7 EsEITHS M670 FEHr 70.00 T

CN 11-2031/Q



	1.jpg
	1ml1.pdf
	24b99.pdf
	24b100.pdf
	24b101.pdf
	24b102.pdf
	24b103.pdf
	24b104.pdf
	24b105.pdf
	24b106.pdf
	24b107.pdf
	1fd1.pdf

