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P ERFEAME B MR R AT AT R RAT TR ERE: (1) Ve RPUEERUA SR R E, B
SEV . EIR S YD B TR AR 2 XA RN XA B 8 B o7 R BEE Y LB 2 B R 35% \45% 2% (9% 5 SE A 9 B LUAB 4331
H65% 55% 98% 91% , (2) RFASEH YW ERMBE MK EMEE; (3) BEY L. R B M 7 KL | w1
o W SRR B T R Y TR Y K AR50 1 ~5m 1 0.67m/a.1 ~8m F1 0. 64m/a .0 ~2m F1 0. 15m/a1 ~4m F
0.41m/a, [FRS,3 Bk S ep b S A0 R BE B LY TR R BB E S R M T B, (4) W HTRHBHERAF AR TES,
FHTARER, AR EEBREFER,
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Abstract; Calligonum mongolicum is one of the most important sand binding plants distributed in desert areas of northern
China. The expansion of Calligonum mongolicum population plays an important role for ecological restoration in the
transition zone between oasis and desert. However, no related information is available. Field investigations have been
performed at four different habitats including fixed dune, lowland, windward and leeward of semi-mobile dune in the desert-
oasis ecotone to examine the expansion of Calligonum mongolicum population. Reproduction pattern, growth characteristics,
the relationship between population quantity and age, population expansion range and expansion rate of Calligonum

mongolicum were identified. The results demonstrated: (1) Calligonum mongolicum grows mainly through a sexual
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reproduction in the sandy environments. The density percent of ramets in fixed dune,lowland, windward and leeward of
semi-mobile dune were 35% ,45% ,2% , and 9% , respectively; the density percent of seedlings in fixed dune,lowland,
windward and leeward of semi-mobile dune were 65% ,55% ,98% , and 91%. (2) Calligonum mongolicum population is
an increasing population in different habitats. (3 ) The expansion range and average expansion rate of vegetative
reproduction were 1 —5m and 0. 67m/a, 1 —8m and 0. 64m/a, 0 —2m and 0. 15m/a, 1 —4m and 0. 41m/a in fixed
dune, windward and leeward of semi-mobile dune, lowland, respectively. Meanwhile, the density and expansion rate of
Calligonum mongolicum population decreases with the increase of age. (4) The invasion of Calligonum mongolicum
population to a new habitat starts at the seedling stage with sexual reproduction, and then rapidly expands to a large area
through the ramets-vegetative reproduction. The vegetative reproduction drives the expanding of Calligonum mongolicum

population persistently.

Key Words: Calligonum mongolicum ; reproduction pattern; sandy habitat; expansion temporal-spatial pattern

LY SRRIE MR AR T RAE R , AW b A2 SRR, HSC R R TE A 3R B S R Y
B MY BRI KRB TR, A AT TR . A S TEA R RS ARAFR BT IRR SL B o O AE
Y, S A SRR M A MAEE R FRE, AR AR SRS R OS2 R M
Ye A 5 T R B R B B 2 B R B R R A SRRk R AR A7 A Y B H AR = A Y T 2
PRt R HRIE K.

U A S A RO VR AREE Tt BFR R AR, 3 26 Ttk ST A AE A U i A 35 v B A A T B R T
TEREER B PR REURELZABRE 5 BN 874 K I A — R T Y E S5
RWBEBRMEZ ", ST B9 B TR R R K Z R I3, W Rtk %7
Y —BERE, e R iy R 2 H B MR E D, A L EEEY ME LR O R E RN IET
HERAMARES IR AE LK R REED" . BRI 5 B Ttk B A YR R SRR
FEMT RETAE, XE RIAE T (Hedysarum fruticosum var. ligonsum) YA BN HEIBISTRI . K8 B
EERREEFIHEADE BT R, KRB EHT BEARLY  RERS B SREAR ¥
(Hedysarum laeve) FIZERRFIA [F] = ST S R P RFARAE BEAT 1 9RZE , AU 0 AR PR B 38 8 P SRR BE L AR R R
DAER A RS EAR T A K ERE Y, WY R 17 e R T A D PNED %
%R SR UVHE U R A KEIURZEAREWHE( Psammochloa villosa)) ) FLE A K A% R FL Y JR 2 X #E1T
THHIL, R B 90d Py, HESHRAESE B AUB U R R B T4 1. 14", PYEERERNEARMY) )
T dbdE Faik. P EA 24 B, R0 THR HM G HEATRER L RER T, 2 TR KX
VRASN BRI~ WHERAAKR. 5B FUX TR & =0 R BB
E St rl AV SR E FEUABMTHARER T RERIYH Y EEREHEXTUHER
HYHIPTRE, M BARFRNREDTTRE RS HHIBIR S HREVHTELL 24 F, EZ06TH
BAHMER" 2B VS EE N T R KA P T T MR D HEm e K
HEAN L e A e e A s R S R Y B R 6 A VR AR FH Bk 4 R R AR RO B
TR D ERR—F C4 AR B . XUBIT L LRIV RS KB A3 5 R
SRR A ERRRSE T I, T U E R U A S P RY IRPT T MR ARE

AR SC LA T P4 7 R PP R G B P MR USR5 K s R U G B H A R YD O ST X, DAY M A 35
B SRRV BT SO AR, ZE B SMR 2 B2 b B SEA ] A 58 b W E R RO R R B 77 30, IR
FREY A S Y KR, 7V E-SU S EF R E R E R SEREERAR2KE
1 HRRFREFRFE
1.1 HERHR

WS X A BT o iy 8 e B B KR, A2 T B P 5 AR U S R 59T 1 G e S 1 s v % o A
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FE v A 25 RGUBI S ) 48 i 3 Y B 0 W SR 4 B AR R 4 Sk, 3t B AR 4R (100°07 ' E,39°21'N) . PR
1350m , - PRk &4 117 mm, 55 210mm , A& 83mm, K ZEFFE T ~9 A, B[MMNEE 46% ,4F
R BN 2390mm, 4K 21 20 245, EFHRRT.6°C, B\ IRE 39. 1C, &Nl -27.3C, =10C
SRR 3085C , BT RImESME, X vadey ¥, P RGE D 3. 2m/s , SRR 21 m/s, Mt + 3
KRR L, PEEREAFNY R, EEYERERATE3 ~10m, Mg wHEY 20%, (WP ER Sm £
A BRSO, B R 10°, R R A 10% 5 5 KUBCR M3, #BE , I E 2 30° , Mg R B4 5% ;
MR RE E L 15% . M EMEeCy PET REAERES, T B | AR GERAEEAR EELR
AR ARE R . EEMAYA IR (Nitraria sphaerocarpa) \ Wb 378 MRR ( Haloxylon ammodendron) \ 2%
BN ( Tamarix ramosissima ) \ Y04 (Agriophyllum squarrosum) , 5 vK3E ( Bassia dasyphylla) %,
1.1.1  FEHFRAE

TR X € NSRU% 1 DI R ERBCR R B € REN Y E, G EEY E BRI E
BRI 3 XA B R 4 Fp2E SEBEATIURE , AR SRARIE AN T -

EEVE MAPRE R, FEMYA R E (Suseda salsa) \FUKEE W IT ( Pugionium cornutum) |
VRS, HEREN 20% 45 EREL 3 ~dem, TYWREEL] 10 ~20cm,

HWEP ARG FEMYA DK R FKE RR U ETRS, SIRUEERE MREUE D
HHEEAN 10% , 45 )REA 2 ~3em, WERE, TWREEEL] 10 ~20cm,

WP EFRE  FTEEWE UK FKE DHEE, DETSHE, i TUERZEMRI N, M
FHEAS% , HEREA 1 ~2em, TYRBEL 15cm,

G EEMYARE JERRE R DT, EREEY 5% , 4 RBREL 2em, TWEREY
18cm, FEHFZELMFCEHRB W TERZE,
1.2 B

HTHFEAREFEA DT ERNEY TR, B A7 LR 4 FpRBIM AR P &R S JOTHE DN, F
£ 16m H BT (ARE L300 E RN R TR MR B E) o HWRK, WERH TG RN ER, A
JR B ERRR R 10 4k, B U1 FRETBLERN T B FERBEEZ W 1 RHE TR R, &
J& , LA RE B AR O [0 , $ IR R0 IR VR A e 3 o - AU X T 2R B O A FIBE S U SR BEAAR R, S8Rk
) IR BE BT AR B T, B BER A ; SEMRAMHER VLA E . AR, {EH NS A IR EE
T B EMR A BT T A, BOATERTEEN, F i A S B REANES, X SHMAN R SEEE
SR A BIFREREAT ST, X R B BE R SR M BEAT A RIAE AR B R P U R EE
BIBE R SEAE B HOAFIS | SRR IEIBE RS 5 . S FPAR SR RELN) 5 SR E IR IR 5 N EE .
1.3 4ERMRIN 5455

SR P U108 = AR BT S5 B AR B O T S TE M) AR R
1.4 ¥R

Fi Excel BEATGETH 530 RBER AL B ; 39 [R] A= SR A0 RF 5 88 LR, R A Spss13. 0 A H ) One-way ANOVA
AT ERERLR,
2 BRSW
2.1 ARAERDHHENEE

R1EREYN, ERMRMHRER BEEER, B XEFEER/D. ERLERE & SE R B R
(45% ) > B W E(35%) > FRMIPEFRI(9% ) > FRP BRI (2% ) » BRI EEEHFRERR,
BRI RN, TSRA T & BRI 2R X X (98% ) > BRI (91% ) > EE W F(65% ) >
FEEMRH(55% ) . BRBABE S LA PHEEZ LTS 4 MERST ENEEZ WE/NT 1, 3507 4 F
s, FRUAE T RETE, 5% 4 FAERRR P E R BN P EE S PR BT
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R E0M, R RSERIFEF SRR A SHE 3 ERTEREER, MHE 3 FERKFHERZ
6] T B2 22 57 5 o [ (G B BE B B P I 0 B S KU M B R 2 MF AR E R, MEEPESHE 3
MR R REESR MR AER PR SHE 3 MERGFRBEER, MHE 3 MEFZFT
BEEF(RL), REEREVH T ER 4 FhEFE LA T, B RN RIBREHP , A %
FE RN BB 3K, T R R M P A R S T TR LRI B

£1 FELEFDHEMETE (PHE « 702, #/100m?)
Table 1 Density (Mean + SD, ind.-100m ~2) of Cailigonum mongolicum population in different habitats

e i REE PHREEE LHEHEE BBE /SR
Habitat type Total Density Ramet Density Seedling Density Ramets/Seedlingss
Bl ¥ I Fixed dune 10 £2.8" 3.5+1.6% 6.5+2.3" 0.538
ERIVE TR lowland 13 £9.4° 5.8%5.6° 7.2+3.9° 0.793
Semi-mobile dune MRS Windward 81 £9.6° 1.8£20 79.2 £9.1° 0.022
R Y% Leeward 4.4:1.6° 0.4 £0.4° 411.8° 0.094

AN RPE—FIEIRRTRBRE T Z T ,p <0.05, F—FIirEHEFEHHFEEILESR Data in each cdumn are subject to one-way

ANOVA arid the same letter in each column indicates no significance at 0. 05 level

2.2 AEEFEHFHERFREGH
BEP RN, WU THERE A RS HTHES 4 ~ 10 itk L RaHRHAEY , T 10 EHER B AR
HHTHAE S o PROL K 3 AT HMRE DSR4 4 ~ 10 IRAEMCOY TP 4,10 B DA AR I 4

4 A o Y T R R S B AR IR S ——en coma
B 1 PR, R0 A R A A e Y4 4 o1 Middeod  Young

SHERIVIRAHER RS, PIRARZ, BIRH
B SERFNRIDVPIRERS , SIRAR ., ERH
Be/bo 4RI A BE VR S AR v AR SR B O Sy 4 B o L
BlER, PR, B A LBIR/D. BRI HEES
FISEAE Ry P i 25 HL i B R, S IR, il

AR ZEH Age structure (%)

HIBIRN . TILRHERIRR LA, 4 FESEHY OT a2 bl kel @
Eﬁﬁﬁ%ﬁﬁiﬁﬁﬂﬁﬁ A R 245227 Different habitats
e | B R A B
2.3 Z< Hi‘tjﬁﬁﬁ B‘J%Eﬁ#% ! Ramets inuﬁxed dune ¢ jI\{:;lrnetsﬂin windward
2 [ ¥ S A 2 3R e A vy
2.3.1 ﬁﬁ#%mﬂﬂ‘%%% ! Seedlings in fixed dune ¢ jé-éedlings in windward
BTSRRI S , EEY R MY HIRR IR 1 ~ iy T
’ Ramets in lowland Ramets in leeward
Sm TP, REHFE 3 ~Sm P IRBA T 1 ~8m Py, RGBS O WU
g%{/i»ﬂll 4 Ij;‘l %njﬁ‘ﬁ@%‘l E 02 Ij;‘l El‘j Seedlings in lowland Seedlings in leeward
7 ~am PN 3 5 AR N ~2m N |8
RHANT 1 ~4m P, BHAE2 ~3m N, BLEAERTS, Bl 1 RS R 45

IE /THE?’/I\ EE‘J#%&&"E 9 ~14m Ij‘] , %%{{H‘ 9~12m lj‘]; Fig.1 Age stmcture of Calligonum mongolicum population in
HRYETE 8 ~ 14m P, ZHAE O ~ 12m PI; B RpgE 2 ~  OHoromt hablats
12m Py, ZHANF 8 ~ 10m Py; L BMRHAE S ~ 13m P4,
LA ~1Im H(E2), BMEZ, THEEEMAEEENY KRN F0~8m M2 ~14m N, HHHEE
TH L, SR MY KB RBE,
2.3.2 FEEE AR

4 PR T VDR ER 5 B EFEAE (B 3) 30 4 Fik S U85 TR BEREAR IR 1A BT 3
K, PR A2 T R
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® BHBEP Ramets O SCA:HY Seedlings

?g [ a FEE ¥ E Fixed dune ?g b WA IE Windward
16 |- 16 L -
14—%" jL 14|
12 12|
10 |- %% % jL 10 | % %
_os | 81
% 61 |1 or [
% 4~ o . } 4 %
HEIRAl 1o b, ety
% O 2 4 6 § 10 12 4 16 O 4 s s T
A 16 ¢ BRI Leoward 18 - d F[E{E#E Lowland
{5514— 16 |
E: - L
Er % uE o %
o100+ 12 +
8¥
67
4l % or %
AT
2 - L e E
fin i R
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
S Age (a)

B2 AREFD B RER ML AERY RN E8R CPE + inEZ)

Fig.2 Expansion temporal-spatial pattern of ramets and seedlings on Calligonum mongolicum population in different habitats (Mean + SD)

3 itig

BN R BRI A G N A, R TREAE R M AT E KA SE P RES ISR,
FERRRE S BAMSNERER . LY FEN AWM EE TR, IE W EEMTE S8, HAx
SRR R —Fp B 5 S B BR AT, PR B3 5 A=A 5 REE DL R AR 25 8 5 R E B E R
— YIRS PLE R SARIB ™, BARA SR BE R T S X S U BT R R A KU Y A AT R
A BB ; T Jo: 258 BA RS KR 5, B DI U R AT E A 4B EMAa ™, &
BN R, DEEE BRFUA SRR ET EEMMEY K. DHEERLAERBEZN
YER, RES RSN BV HAREEAL , I U, B A E R E R B AR . MESHE KBS AR, B
A RAR LA R , [ 8 B AR 58 DL R WD 3R i SR AR Y, R B T XUy b B T8 Z AER T 5 | A XA, T2 I IR ke
5t , X R AN B R LREBEF I B ERESTE X HE . XREAREENDHEERAY
MBS [FEY, 32BNV H8 0 AR XS EGR M ot SR I MR  FEE DI ER , DT
FEEET W RERATCREN IR T sh W E RS b BB R W E &, B Sk E M E e W R,
MR, ARMY ERBNSEHBPEEMHEAE SN EEMERE, BEY EHEEMAERZGNT R4,
JRAEEYINRARIE T 448, TR, ZAE P WU HEHEEW A R0 5 LA TR ; i RGP
RARBYEE, B dFEREER , 75310 ol KRR, B4R —REY ETHRGEM PR
B TR — B EBAL, KR T, BT UHENABHAER, WHTMEE LY B, B
ERRNAEKEE TUHIPRAT 230K G50, BRSSO HER 7, @ ot ERA HHRE
R BRODY R, T BB BRI A B 28 R R IR I A0 AR R IR U A B0 A 4K DA BTG o SR
BWUAESERMMRIE, EE, 5A S, Jot 5 2R B KM A B (ecological neighborhoods , ¥ &
HE AR R AT R I 2 R ) 7 YR SR T DL S HR R R 2 A ZE R R O 1) _E S R B R S U
B B DA RS R RR E RE BIEBEA . ik, DEEHERMEE RN EREERARY
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o KM 1Sitel A BEMi2Site2 OMMI3Sie3 MEEHM4Sied O AEMiSSies

! a [ExE R Fixed dune 100 b 3B Windward
90,
° y=-0.575In(x) + 1.7147 80 y=-14.817In(x) + 33.965
3r R =0.642 & R2=0.448
o A 70 o
o -

60
50
40 -
30

< 20
£
S 10 |-
= I o
< 0 | 0
) 0 2 4 6 8§ 10 12 14 16 18 20 0 2 4 6 8§ 10 12 14 16 18
Py
é 2.0 6 ‘
g ¢ B HIYL Leeward d FEH{KH Lowland
il s L
& * -,
1.5 A© []
y=-0.211In(x) + 0.633 4 o y=-0.975In(x) + 2.687
R2=0421 0 © ° R2=0.928

1.0 -

0.5+

o 0

0o 2 4 6 8 10 12 14 16 18
RS Age (a)

B3 AREFHRHEESFRIER

Fig.3 The relationship between density of population and age in different habitats

RAVER B B RPN E o TR Y S AE W R B A e XU R A BE , R M4 R 4T, 3%
BB L, BRAFEREA X 1 H S Y45 Rk 8 B B B IRE R,

ARBRZ VLN =Y KR RRN A FRREER A EAHERE. EFIAVREEE
HFERHEAGT , AR BN k-5 ZE0R B P BERR . BT R B SR SR B EARZE B
B R VR 2 BHEE Y, IX (SR IE R O B B v 5 ZEAR AL P S BE RS AR /D . INIET 2 BRI/ (1.2a) B SRR BT 2R
FREGFIBE R HLIR B BIR (3 ~Ta) IR B EAMR BRI BE R /e WIREG S Sk, 45 5 2 U A= 58 b 3K o
RN E XM RSN RN, YHTE S O B R E TR RIRE BT, 45/
)R F IR RS o N T BRI AT AR T X —BRE™ o LAWY SRR S BB WAR LA R, X BR T
A RSB THRESE, 55— ERRE R RA G T HRA T B LK R4 BU B LHER S
FERMR T AR,

TR 4 B AT I 38 IS5 BB S B 1 BB AR X LA IR B RE N R ) FISE AR IR B 1 . UM A
FHRER R SR B RAER, MIEMRREEEFR N T RERER, N TH—2 T HRU TSR
TR BT , X BLAR Y TRV B S5 AR Y PUABE SORY IR AR . $ 0 S, 0 BT 99 G &R 2. 1/
a, Tt FFE Y 0. Sm/a, 4 PR SV E TR I P29 R R ARG AF R 38 KT Z BT/ (B 4) X 5P RRE
B SER AN —B WY HERKTRIBERE,L ~2 BB TAENT FREEWA BT RRRIHE
Ho FRHERHET R KBFHES, HEPHFH TBIEEN SRR HRTE T KBRS, HX
S A R BNk I T RAE RS RAHIBE S, BUE MRS, WER— BRI A SR EtR
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4 4 EEWE Fixed dune 10 R Windward

0 2 4 6 8 10 12 14 16

¢ YR Leeward 10 - d Fe )ik Lowland

¥"3k# % Expansion rate (m/a)
]
1

4t Age (a)

B4 AREFDHLHYT RER

Fig.4 Expansion rate of Calligonum mongolicum in different habitats

R, HAE KRB IH, SBARIE R BE  nse, XA BN R I iigm . WTRAEN 1 ~5 IRGMSSA N
PR P RRIBEEA K, 5 ~ 10 IRE T REIEEMAXE /D, FEEETIEEENESE D, HEER LRI B
TERSARMEATIR, BREE R K MR R RS ™ f Rk S L S B R 7 DL R Sk 2 )
FETHRMBET LB A KA as ™, BroisiEEs7e 1 ~2 W% TRIERER/DN, T 2 ~3 W4 T MR8 B
Ko B, WAL, Ry KRR N ERMAES (EEEWTEEE) M (FEEWEHE
B8 (SR RE W TR, 72 BARFIEE S , IF R IR B R A TR, Bl B A R E M R IR L A PR B A 14
THK, EAERMEBERET , EEMENMEENEL A REEHMEEAEBELFTRBEYFHAEZESRE
TR, MR TP TR 2, A TR IGAP B SChr i K 3, MM EY KIS E RS Y kB2, 13Kk a
AR, BT B L ZE B AR 2 RS T VS EMENY K. NS —AEXE, WETEREREMY %
WEERNANTFIEEE BB —HY KBEEN T RRIEE, T SRR TR, XEA R TR
BEREY Ko

HREI 4 FERNLAERRRRNFREPERRKTHER . XRB T 5T A A R
FETFABEN, ARERNTEHEENAE T, URBEE T SHEER, WEHEMEE 4 HAEET T
FRILH B FPEEARAE M RPN IR SRR T RS RS A,
4 Zig

(1) PPV ER A HERE A+, U TSR AWM EN DR VR REREEH. BEPrE. R
W SV A K R SR EE SN (3.5+1.6) % -100m™, (5.8 £5.6)
#E-100m ™, (1.8 £2) #k-100m >,(0.4 +0.4) #k-100m > ; LA E X B HE S F K (6.5 +7.3) #-100m >,
(7.2 +3.9) #-100m>.,(79.2 +9. 1) #:-100m >, (4 +1. 8) #£-100m 2,

(2) VHEFPEEN & BEAY R R E ER M TR, BV B EREIY R R E X E
), PP R B T M B B TR A Y KRR 2 8 1 ~5m f1 0. 67m/a 1 ~8m 1 0. 64m/a.0 ~
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2m f10.15m/a.1 ~4m F1 0.41m/a, FotEEFEY TKERE T FEEETE 1 ~2 BRI 2 ~3 BRI,
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