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Stability of Caragana microphylla plantation for wind protection and sand

fixation

CAO Cheng-You', JIANG De-Ming*, LUO Yong-Ming?, KOU Zhen-Wu’? (1. College of Sciences, Northeastern

University, Shenyang 110004, China; 2. Institute of Applied Ecology, Chinese Academy of Sciences, Shenyang 110015, China).. Acta Ecologica
Sinica,2004,24(6):1178~1186.

Abstract: In north of China, the vegetation for wind protection and sand fixation was widely planted in last decades, playing an
important ecological role in improving the agro-ecological systems in the region. Sustaining the desired functions of the
plantations requires their stability of growth and development. Caragana microphylla, a species belonging to legume family, is
a popularly adopted shrub for fixing moving sand dunes in Keerqin Desert, northern China. In the growing season of 1997, a
severe drought lasted from May to July. Consequently, Caragana microphylia plantations were withered in numerous areas all
over the western desert, providing us with an excellent opportunity to address the stability of Caragana microphylla plantations
in comparison with natural ones. In Caragana microphylla plantations, the invasion and disappearance of plant species in
response to the drought and grazing were investigated for describing the species dynamics and redundancy structure in the levels
of community, population, and individual, respectively. The investigations indicate that herbaceous species invades into the
plantations faster in the early development of the plantation and then the number of species fluctuates little. There are 20
herbaceous species at age of 15 and 23 at age of 35 in the plantations. In terms of the number of species, the Caragana

microphylla plantations are dominated by annual species. Natural Caragana microphylla vegetation is, however, dominated by
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perennial species. Species diversity indexes in the plantations increase with age. These indexes in natural Caragana microphylla
vegetations have the same trend, but significantly greater than those in the planted counterpart.

In case of a continuous drought and high temperature, soil moisture content in the plantations decreases faster, forcing the
dry layer of soil down to 140cm. With increasing in the transpiration of overabundant branches during the drought, the
moisture content in leaves decrease so dramatically that the growth of plants halts. The experiment of removing branch shows
that the plants in sandy land have the ability of compensation and overcompensation for grazing. Biomass of edible branches can
be increaseg at low level of the removal and the compensation ability of branch decreases with the increase in height of the
removal. The regression models describing the relationship between removal rate and branch growth are developed using the
data in this experiment. The developed models show that compensation point on plants in the plantation is lower than that on
plants in natural vegetation.

Redundancy is an inherent feature of biological system and has a positive connection to compensation and stability of
community. The degree of stgbility in a plantation relies on its quantity and structure of redundancy. The redundancy of the
plantations is weakened as the result of high stand density, reducing the community’s resistance and resilience for disturbances.
Therefore, the stand density is critical to the stability of the plantation. The planting design and management of the plantation
should well define the appropriate stand densities for the Caragana microphyila plantations under different sit conditions.

We conciude that vegetation for sand fixation would be stable if it could (1) adapt local environment conditions, (2) have
some degree of resistance and resilience for disturbances, (3) normally grow and regenerate, and (4) have an integrated

structure of population.

Key words : Keerqin Desert; drought; diversity; redundancy; stability
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MESEREEEREASENRTREIBENRESHNER. MREREALENEERATHEERENEERERD S
EHERREZ -, EUHEHRBRP . A EEEGABEV U BEES KBRS RGE HENEAN B R A HAEX £
BALBRUHEEASNRBEENMTHFEENRE. MEERPUXRRSI BESWER . HBSBARKHTIRN . — KA
THHEZHFRBELRARBESE ERT - LEFRAHEBEERWTAESKENNE. M. BV RSRSHREEI BEAT
(GEA OR3P e

/N3G L (Caragana microphylla) RGRI RHEA , EAAWE ME . MABAHBRSH S ENRLYBESNY E
RELIBRTH ZRAZEX . ERRXRBHIVE LEET KEHRN/DNTE8 )L RE YK, £ 8 KB 2 35 L F.1997
FHEMRLUDETTEHE 2 A BB MK, AL 2 50AF # X IE 8000hm? /Nt 4878 JLA T B ¥ Akt b BB 404 35 (H —
GEWNSERBIXBUKRE A XRRH A EEOXIHESAR BTN EEFRTERHTRET AL KER /N
WEIILATEDHAHEERAR O EREENTAUR TRAOBIR AR ENSAAE UBETATEVEY B E R E
R,

1 MIRNMEXBRER

HRBEXMUFRRIOGHAER . AEE BEEXHFIED 2550 X, 345N 43°02'N,119° 39E, R B B 479 m. X
HY LER SEHMEELIHOYR RN, FBEAREAMTL N RANERIVE . BEVE . BEDH . EEERAMERR
E. ZXBEHREEETESE SETHR A KEHE. FEHRE 4. 5m/s, FELRY B ¥ 200d B F,.8 &L EKRH
A 75 3d/a, FEFHEEIK 340. 5mm, BEPE 7~8 Ah FEHKRE 2500mm. FEVLHEF6.2C. EB/Y 130 BX ., AHWREFH
ARZE EETPREBYNAR HEEHER TR ERENIELD WEERAYR R CUEYRERKSEYR RN
BT RPoART HRBRENEETHYREAHAY . BFAAARCEBRERR AEEAHBINRAER, XX E R
FAVEEBEMERGE#EY, FTELHENE . A+ 4850+ Eq9 L+ 8Et.

2 WRFE
2.1 BEELH

EHFEERGE TR 2.5.15.35a EATHR@HEEE ImX Im)MEREK M/ B LBEIFRINS . £G5B K
# 10m X 10m # CHEEKRE OO EEMBEAYEBM TR ANES /M REAELE Im X ImEAEH 15~ 30
TRAEMEAR KR EAREE M LEYRBNTFES.
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2.2 L3 B & KRR E

KA T AENES SKMERNFHE.

2.3 MHEAEREHIMESES .

EEEHRTRET 152 E ATEPKROn X Im METHOMAHESHBE BRI RR /DR ILBEENS R —RIRE
Mo, MEABAT RIS Qa £ 2a AR FOSHABTATEUNERE . EEZEN WM. EERREHEB A E/DHEE LY
B 5 A, BHERE 20 MR AHHRE 4 PBIEKF:0,1/5,1/3,1/2.1, EHRBRIEHENREESNBEAKEMER, £4 K
FLENMERFHEZHBR . KEAER. 4ERIMERER.

(WEEEKTER C=(WHEEHIEFNTE -WHESSTE)/METE

KELEKER L=(EHBEAKEXFIERBE-EBLKE)/MBEHKE
3 GERSOH
3.1 /NetEERE LR Y AR R BT K

HTHRIVELERZHT2ES  EATHERI VP REESAEHYAEAYHNERK VD E SRS, Tk
ARV E EREATF. MBI FHRRE, YF b -4 EEF X 10~15cm,2~3a SR K B 20~35cm, HF 8404 £
EARE. BARMHBAENDRH PR GO EEANE ARHT L MEMEEHY ELSAYHBATEK
GlE T HRIGF. HENTHEEILEHABRENER, - BEF 4~5a B . VPEEESBE S ATHYBEREFBER. K8 AR
M FRIT R, R FEEBE LT 8 Fr A 3 E YR ERECE . 44 R % R 25 A B BT (Cynachum sibiricum)
W ERA . BAREHRIIU 1a 80 E . HE % (Agriophyllum arenarium) MR WP L ST ERIER, ZRE RS
HEABRA. 15a 5 . MEFEEEB 20 . KPP EFEEHEY O . MR ERE,B%E A UE KE (Bassia dasyphylla) . [
(Pennisetum flaecidum) BB K (Poa sp. ) . L (Corispermum thelegium) ${ ¥k F (Chenodium acuminatum) % F {8 £ Fh | TE 35
FAENKET UREETEN 23/, HPRBHEERS 15 FAREHRR. TRRAPHEGILBEENETEN /L 37 /LK
ZEEED N 23MEGE D, TEMEBAFE . HE KE (Agropyron cristatum) MM EEEE F (Lespedeza davurica)ZX ¥, 7EA
TR IL 35a UM BT BT, 2~15a FRBOEMT 15 B T 15~35a AR I T 3f, LBt TR £ & B &
 BPYHRERA HEMNEZERARFLTHMNBEN IR . BEEATHYRE P - FABYERKEMEE FIsRL T
FHAL, T RKABENEFSHAR  XHAATHYBENDHARANEERES XA ELEHY AWEDRE,

3.2 ATEHUHRYMERENTLESBEENXER

ESRARBUNIBRREEYEREZTRNLE KB EZ —BMH AR HMERZHOAESEEHNBNE N EDS B AR R
IMNRTHER BEDHIB . EXYENERSHESEERNN. EMBUESESHTEERKE IR S, MR AKH
AR AR S BEMIN S REEIRE NTIRRBESRENIE. REAESESS LU May HRENEZEENTF
FHMSREMNXRMFESTFZE N BAESEENSYHERNNEN, - BEEESREENBmNARE. FEHRIEHLE
WERHNERSIFBESRAEENRE LR UHEBESEEREHERS.

HEZETENSEEERRY . AHESIIATEYVHREREN R TN, BEMSTELEEBR KT E 1) A2
55 35 1A, B B R IR BOR B 50 B 4R OO R W% K, T Simpson (£ #<BERS SO i KA /b X IB BRI EIY B A TE WA
MAESERHERBER YR ANIE L, B YA SR U B M54 F 0K A8, R R £ 8 1 35 02 %7 18 i B
BENZRHARMNIE, BENER BIER IS EEMATHE HEHMEEABOENHBETIRARE . MARENHE
BTAABE RAAIRENREEL G ERAR KR,

ERABEREUN . BRTEXRYMERE . AES NI EYHERRBBE P HIEER XTI B A LT I 80 & 2 4%
., MESRGEIRERAMEY  YFBEHFEEBKTAN . BFREMXERAFANFEOENER TESRZRERK
BRE - BAERANE MR NMEENBROHBSELS — I HEEDORE QBB DAL, B, ER—REANS LB/
REMUKNMANMBBREE FN XM FETRNREER BABBRESREX IR IRE AL IR R, MR K,
TR IR .

MUMATHOHYHEX —HFENBREXNR B TEARNRSES BYNEASITHEBRE BHiMERZ . BAME
IR MRt S R E AL BN KK TRENENBEMKREAERERUY, 1 SFAHYERSRGERETEN RS
£ HES TR R ENEER Y, ML EEAY WA ARE. B, F— A TRE ., 85 R E Y B R g e, 7
LI BB 5T HRBEBR FREEEEREPZELHYNEBNGEN, 5 RRBEHT AT LKA THY
BRERRUEROL . B2 0% B A K SR O 00 b A 75 R R R L L B A R AT T DA AR B b B K T 3 A
HENRERE,
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X1 AEFEHRNIHBBILEGHAEEARZEER

Table 1 Species composition and its important value of Caragana microphylla plantation for sand fixation at different age (%)

e s £ KA R Agela) XA

No. Species 2 5 15 35 Natural comm.
i H ¥ Pennisetum flaecidum 0 0 16. 48 16. 95 18. 87
2 KE Agropyron cristatum 0 0 0 0 18. 63
3 ¥R ¥ Setaria viridis 8. 68 54.9 5. 885 5. 223 11. 69
4 B 3L Corispermum thelegium 3. 648 16. 9 8. 807 7.72 10. 54
5 LB T Lespedeza davurica 0 0 0 3.434 5.812
6 ¥ B X Salsola collina 0 13. 48 7.596 10. 75 5. 642
7 8% ¥ Chenodium acuminatum 0 1. 73 7.527 5. 286 4. 471
8 B & Artemisia scoparia 0 0 0 2.165 2.71
9 LB TE Trigeonella korshinskyi 0 0 0. 4408 0. 826 2. 46
10 B T B Cleistogens chinensis 0 0 1. 926 2. 641 1. 627
11 H /] Cynachum sibiricum 0 2. 501 4.1 1. 841 1. 88
12 B Diarthron linifolium 0 0 0 0 1. 713
13 # Z W E® Astragalus adsurgens G 0 0 0 1. 629
14 SPE B Carex durinscula 0 0 0 0 1. 429
15 B R, Siler divaricatum 0 0 0 0 1. 259
16 B kB Bassia dasyphylla 7. 869 7. 63 20. 11 20. 79 1.043
17 B E Chloris virgata 0 0 0 1. 298 0. 986
18 LW Geranium dahuricum 0 0 0 0 0.922
19 W Euphorbia humifusa 0 0 1. 247 2.03 0.771
20 £ AT Dianthus chinensis 0 0 0 0 0.771
21 B ¥ Tribulus terrestris 0 0 0 0 0. 647
22 RIWEL Derlphinium grandiflorum 0 0 0 0 0. 643
23 BY B Allium senescens O 0 0 0 0. 544
24 SR B Kummerowia striata 0 0 0 0 0.513
25 5 1B Atraphaxis manshurica 0 0 0 0 0. 4463
26 B Aneurolepidium dasystachys 0 0 0 0 0. 373
27 3K Ixeris chinensis 0 0 2.193 2. 689 0. 367
28 Wk Echinops gmelini 0 0 0 1. 747 0. 306
29 B8 Lappula echinata 0 0 0 0 0.232
30 BN BL Thalictrum squarrosum 0 0 0 0 0.15
31 KI14& Asparagus gilbus 0 0 0. 688 2.074 0. 0807
32 BB Leonurus sibiricus 0 0 5. 392 0. 6997 0. 0806
33 ¥ ERIFE Potentilla flagellaris 0 0 0 0 0.0773
34 #H W = Dragocephalum moldiacicum 0 0 0 0 0.0773
35 H.3E K8 Euphorbia esula 0 0 0 1. 747 0.0766
36 & H Xanthiu stuarium 0 0 0 0 0. 0753
37 KI¥FW Artemisia pectinata 0 0 1. 136 0. 9206 0. 0753
38 X E Polygonum divaricatum 0 0 1. 646 0 0
39 K Chenopodium glaucum 0 0 1. 054 3. 302 0
40 ¥ U B E Lactuca tatarica 0 0 0 1. 047 0
41 B IME Artemisia halodendron 6. 84 1. 731 2,533 2.496 0
42 b Agriophyllum arenarium 72. 96 1. 212 0 0 0
43 KBS Amethystea coerulea 0 0 0.765 0 0
44 B F Cuscuta chinensis 0 0 2.211 2.268 0
45 B#R Poa sp. 0 0 8. 265 0 0

Q¥ Total number of species 5 8 20 23 37

e i — =

3.3 BEUHKX FERE T 58 R
EREVE EHXR/DMHEBIILE +0BRORE K FHR— BT EME Sm B E, BERTEZE 2.0m LT AT /6
ALK FRE—BRH 1. 5~2. 0m, R4 FK S B2 18] e R RE KA 5838 L/ME £ A + 3030 8 L 1T LLE B/ of
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WHILHBREERP KL 3I0~70cm » 70cm UTELEARERBER Y. AUHSEERTITE(EREAXBALS5UIEE>
70cm BY 8 R ZHBUMT RIS ILB A LA RK  MX A ERFERNB I KR EE 1M FBrRBEFTEKRIEL.

VoUW REKGNYEER R TEHIIESHE, & a5l :

BRAKOLD BEEDEOKGEBURTE. K RERTELT. L 20k

B2 A AR 9 B0 R ST RO O R G A KL 0 K ) R 0 g2 .|

W 3 FLWAHL B % 9 47 00 6 AT B o A A o £ | n
EEHYITEREMEYRAOE N A RBEKR BN, K2 Vsl e itk
HRELEAKS MEVELBABBT KIS, FUETERESE . 1 t 1 m |
MAEEXEN T BMERERNKSTETHR, EABREH T W 2 5 15 35 TR
2 A VR T i 140cm , SABHRAE K AE 1997 45 5 § LA 7  Year
AYIBREREBXLW BEEERE. DHESIATIEYHK T B 1 /NSRS L Y AR R R R AL

BRI 75~140cm, T KR HEE R EF 35~45cm(FE& 2), MBI 2 Fig. 1  The species diversity changes of Caragana microphylla

ME 3TTLUBHRARNWE LA/ LG, £3WK 4R plantation for sand fixation

MEHEA, RS ETENY A T RS E k. TR-Natural community; 1. )56 % # £k % 3 Species diversity index,
AR/ JLBETE 45em AT+ WS KEE 1.5% L F, I % &K % FE Ecological dominance index, 111 & ¥% 1 5]

KEB KRR /NS ILEREE R £ K, oF B & KR 118% 1) Community evenness index

Lo HABEAEE ;MY E AT/ HES)LER 100em NI KRYAR 100, ERBRXEHHEKE EHOSHE.

FHBERSKBEBTRGE D,

X2 KSTRMIHBBILEXRNOEN

Table 2 Influence of atmospheric arid on Caragana microphylla community

£ O B fr ®E Density T L/2ME Depth M AR BEABE Percentage
Origination Coverage( %) Position (branches/hm?) of dry soil(cm) of withered leaf

AT 15 84 Artificial forest 15-year- old 75 - TH crest 153149 140 90 %

NI HK 15 &4 Artificial forest 15-year- old 85 & middle 286875 135 100 %

NI 15 &4 Artificial forest 15-year- old 90 T3 foot 76600 75 80 %

KR Pk Natrual forest 60 - TH crest 34375 45 X none

F IR A Natural forest 50 A 3F middle 33325 43 I none

X SR Pk Natural forest 50 -t H flat 72775 35 X none

%3 MHABILEBRETRERGTHERHEKE

Table 3 Moisture content in branch of Caragana microphylla under utmost arid situation (%)

& IR Ly En —EE B & LR K EB %
Origination New leaf Old leaf Annual branch  Biennial branch Old branch
K IR FEIE Natural community 135. 90 118. 21 122. 26 80. 62 72.06
AT B Artificial community 25. 44 55. 33 40, 42 35. 00 46. 15

THOKF B ERABREDHHABBIZEA, KT 1 EEMBEENT R, T KE (Bassia dasyphylla) 533k %
(Chenodium acuminatum) ., B 3E (Corispermum thelegium) , ¥ B BL (Setaria viridis) 3% E X (Salsola collina) . #y 58 (Euphorbia
kumz’fusa)%;gﬁiﬁﬂiﬁ%ﬁﬂ & 8 (Cynachum sibiricum) . (3 B (Pennisetum flaecidum) B8 F B (Cleistogens chinensis) . ibH
18 (Trigeonella korshinskyi) . EF (Izeris chinensis) K| 1% (Asparagus gilbus) M F B AL BHE YN EZENBEFE TR, B
HETRETREEAXZHHEYEEH#HTHEEER FERRTYR . BEETHORERE . BE—HERLE, ZE /D5
IERERIBREEN, —EHREE A _RKALAR. BEAHY LB T HENABRBEN G, B —& 1 E4EWIKE KA R
FREMSEFHHEZ ARENRE SHEHRBER. TR /AHHEGILBEENKASHEBERTRENKE N TRB®RY.

3.4 ARG L e R Y AN SR

/NI ~2 FAEBANUIE A RRE A UZ Y BGRE W, T H R8T/ et 88 38 L X 8Y U1 4% B9 2 R L iX
MENEAEERAAEDH/PHBEILHBEARKENEAEREF A KEREE O, ANB4TUEH, WM/ H 88 L4
KENEENHBENARMENL  EREAZRNNGER . —REG D HH RN 2~3 MK TiERESET A8 )L
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Ak ENERER/IE BAKEMERE RIGIRF SIS TR BRI Y EMEIER . DA Y8R E
B —EWBE.EKERA S TR, ZHE T B, S0/ JL7E 2 B4 F 5 5 5077 78 AR AR A RSO0 . B 4 R AT LA
BB KR/ RIS EEEMAKENER FWMEBEAZER FAT TR, X500 608 )L 4 K R 5 F
KB FARAXMEEENARE. B FATHEEREEIR ARKFRIAKINOSHLRRABE/NEL, RATK W
MM EKBE2BEHIKS TR BRI RS ERFR BTN EGEFNE I hERSEE.

45 r 30
~ 40 | -
%‘ 3.5 - :'E’ 231 I
3.0 | 20}
§ 20| / g 13
20 | Il m i
2 st — 2 o0l
% — » 1.0 1I
¥ 10 ¥
4 05} o 05T
0 ! ! J | ] [ 1 1 ] ] L i | 1 1
0~20 20~40 40~60 60~80 0 5 10 20 30 40 50 60 70 80 90 100
+ JZ% B Depth (cm) + 2 ¥ K Depth (cm)
B2z EXFEHASSIILEDKT:RE AR M3 AKSBETERAGTAHRGIILEDHK LIRS KR

Fig. 2 The percentage of soil moisture in Caragana microphylla  Fig. 3 The percentage of soil moisture in Caragana microphylla

plantation for sand fixation under normal situation plantation for sand fixation under utmost arid situation

I ##¥ Moving sand dune , II 5 44 S-year-old, Il 15 4 15- I XKRBHE Natural community, II 15 4 15-year-old

year-old

AREE XO-DNAER UYPH/PHBBILEZKEERER LAEREKERGCYVRER . RA—T=ZKIE. B
N IEHAEERY,GLLI MG, L2 ARBARATIMRXAIHGILER IKEEKER R WEHEERE.

Gl = 0.218727 + 7.47171x — 19. 00947x* + 13. 48158x° R = 0.9727064
L1 = 0.2035386 + 6.58799x — 15. 48234x% + 9. 727659x° R = (. 859785
G2 = 0. 2478745 + 13. 6229x — 36. 0419x% + 24. 0744523 R = 0.962047

L2 = 0.2239866 + 15.15991x — 40. 44549x% + 25. 95939x° R = 0.960843

MRBNBHERAB R ATN,R>0.85, Xtk B ¥, 55 30
FENAHRE BB SR ETARB LTI, B .l
MENENRAETHRRMA, B ERIT AT ARG EFELE 5
BV I /0N 08 7 I X P R 0 R R 5 0 A R A g
B -SRI oRMATRELIEIMES BEER1 & 15}
BB R E N AME A E L B TURERAALAS £ 1ol
8 LI AME A REAME R (R O TR XA LI H |
RBEATISETALRSE GREBERR/DEE L3 &G
FIRZETHBE®TFAL/MSEYIL, ° 0 1/5 173 172 1
4 it ¥ $i7K ¥ Branch removal rate

4.1 RTFANTE Y HRERE vE LB = 3 a9 8 B 4 TS LR A E B K A K AR R R i
HYBHERESREERHNBENER BRHES TS Fig. 4 Response curve of weight and length growth index for
M EEERKER LRk THYBEN THRAOEAREIAE branch removal rate of Caragana microphylla
BBEEES. “ﬁﬂ%ﬁﬁﬁ%ﬁﬁﬁﬁﬁﬁi?%ﬂﬁ%% IATEERRY: KIHEE weight grﬁwth index of plantation; 11 X#R
ARG BEYBERUMEIYROHEAB MG WS BEERE KIS weight growth index of natural community;III A
By py e, 2LRABEA— HETEREGREARALE ILHEKES KB length growth index of plantation; IV KRB
W HEbh R EENE EREBE . EREHEE [Ta %, %K A K845 length growth index of natural community
TR %

i 4E K TUAR (redundancy) M @ 3| B AT X EC"S X AH NEFNARANTEAERS BERENTREHLEHB KT
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RAZ . RERERRATREENARERZ—HKEIFBHR F4 HAMHSEILITERAOIEAMBIER
SZHRMEERSRN TCHE NS TcH, 82T — 1) ThEE 3B Table 4 Compensation and overcompensation points of Caragana
ARE.SHNEREE THAEKE U ASBEHEBENESE L microphylla on branch removal rate

., REXMIFEFR . PUSATHEESRENTRER BB ltem Gl L1 Gz L2

an&ﬁﬁ%o TE 4 A2 b, 7T 4 T B 35 A 4y 2 S o T Fb a5 b LU #b % 5 Compensation point 0.421 0.382 0.514 0. 489
#ME &

FHRARAN BE RG-S, SRR RN 0.280 0.294 0.305 0,324

Overcompensation point

R REBE B 4 FTEITERSEETERSENHS. BN G1.L1 4 51% A T B B 4 B A K B35 7 Represent weight
T IEW TARTTAFRBUH WO T SR 2 7, B AR BUAT K BT and length growth indexes of plantation respectively; ;G2,L2 4 %5
FETIRE . NEXTTUEY . B FEMEAPRARITA—  sopssmacms ks Represent weight and length growth
NEMBN KT HTHRBEALERE T RRPINEE  indexes of natural community respectively

M. BRIIREMYBEN —FHERRA.EXTHDIEE

FEEAHERKEIBEREHSTEREEEERN.

UHRXKREY T ERREEHABRNITR. XA/NHEBIILBREREEMS 2L E0 255353 2. 0m # 2. 5m, i A T F Y&
EANAAL S 1. 35m M 0. 8m. . NHEW Mk LB T AP BRMLERE, XRBEE R 0.855, MALTHE N 1. 8203 5), 1
MR RARPHEAY LT EERIEL B XU LHTFHTHRS UL, MAIHEHTEEIR - MYBREKZ
BHRRE M TAEYDREATXRABENL/ 2B LEYEBANSRXABREMEELRLE, RERZEHABRRL . A ATEEAY
RELENFEGNEEFERAK. BAARETESEM AN 1997 ), A ERM F AR E M ARBEEHNIZIE THREBNH
L AKEIBRD XEERKFMEESHAHBERVRRAFHYEBZLESSIFANEETR. XHSEXREFRTIFER
B, B—MRmRF. NMMEERER. E—BEZEHT  XRA/NHBEBILERFEFTWERATENRERKMNBRR.EXNRERE
ERATHR M MEBBELRRARNAERG CRRBRXA/DHEBIILERRLABEEE LA I TANEER LXK
REYHEREIRETHAERRENXBERZ - AIHEE TEES K FMATRANBBAK . BWEMEE BT EY
By, s IEMAHIS THYERRLNIAR. REAARNB O SBREEY ISR F G NIRRT KR 1. BEILEYE F6
A WHEEYNERK.

£S5 HRDADHAHSESILEL HTEWRSE
Table 5 Biomass distribution of Caragana microphylla over and under ground in Keerqin Sandy Land

i ioh). % B Root 238 A # F 4 Y& Boimass B TFH PR M b/ H T
Origination depth(m) Diameter (m) above ground (g) Boimass under ground (g) A/B

K #R Natural community 2.0 2.5 939. 67 1109. 30 0. 855

AT Plantation 1. 35 . 0.8 879. 69 483. 34 1. 820

KA/ RG L EE SRR TRHRFES S AR NER RS, T TR T4 R A A R AR k5
T ANAEREER MEALERHTEHRIBPIPUEBIANEM KR, AHNECREEYNERBELAZHEARBEEN—F
EEFE. BREAE AT/ HEGIBEARY MR EATAFTERERER MACHRILEEE. H4h, ATHEHE
VT RELRNLEERB. A THREANRRLUABRTRARBE. CRAUATIREEEHINTABERY.

UHHYBHEEDFHAR EAFERETR. MREGLEET A THEARAHERIE - BEEDH ENTATELR
ETREFHE L. EXEYRARESELHYHLEERNNMMEUENEZ ) EBRUBEEYH EHTRABE. AR 1T
DEH ATIESILEADHEADRERLBEHN AR LIS RTRARE. ORBEEATHEDRHTRER.

ATBEOHRRUBERZRAVEN B ER W FREIEERN. ATAEWEYHR ALBYHEMHEEERE
ERK, —BARBHEN 4~ BE 2. ARBEmMEREE, THBMBRARENIIEK SREEERB TH LEY
B XX RAEYAMEDHEHPNAAERENEL BRUNED M MEREERRKEEMBELSC THYBRETSR, F b
FEHYHEERA LIRS E RO ER D RIEE TR, GRERNRTARBHE RARBR =% B .m0
R BEAHEREHENTR. ATHYREFEERK. TRAES . E2FXFBEAN BEZAXREENRDWBEFLRE PR E
¥ 5 E BRI ITRARE, I REVBELEDE LOMMEAREE L F AL IEFEES S HRMEITH
[B] &L 41X AR R B AR IR REER R A BN B RERE RN RE.
4.2 /pHveR s L E Y AR R R VMY

MATEVEES - RERER A BENHEEREREEXNEAVERNTET MESUT &,
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(DB FYHAERE; O RTRAEEAEAREE, QOEFAEARAEATNEAREHE:; OARIZENMHH
g5

N ERE LR MM S M BB EN Y — R ER G XRORERATLEVRENSYE LR IR KS FEEN
B REFERERNAESHRFIGZARZBNTR  EEXHEKERG  EMEYERKRZD/NHES LA TE W
EATRUEKBRE-BRABHATR.BRCAM7 AL R KBRFFEE BREFREAIREEEUTHERE. BR 1997 F
ZRESOBZREHERIH ERVE EATAHESILKBIHAFHE.HHEEHN-BWE EEEKEERK. BN EHK
FHREZBXETEABRE X RBZ X /68 LA T E YT R RER.

ARG IILBER T RS TREE —EWENES HHIYHERELE -EWERE T I XEEH TR, B NEZANH
RoOALINMHBBIILBEEL T FELER BREREH  HRFEEMERELY, AN - RIE BT /N8 JLEY R
A FEETHRARARENKERS.

HENBREHEN, REMEAERBERAESTEXERRE HEZTRERER . BEE O/ EMILEFE R
BRI MR TCENORAN HFEEFAEKNET. CEARAGT S EEELAEER TR EHTER, U SR %
MIFSERRE.

ALTBEVEDEENDHER . BASRKARERL LR HEEHENAEEZES B TR HBTRE. HAT,15 4
EAT/PHBEEILEVHREAZCH 20EY. 1 FEEYELADEN N ERKE LY SRS A0  REBENDHHABRER
ARz, HErEFAVTERANMREHEZIME.

ZERR. OB BIILATEVHEYBEEENLTFHNRENAB AR RS A5 XABEHEERESLTEHEY
KAVEE . EOMEHE URMIINABIRAER GRS ARBEENEHFE N LR RABEE,

References:

[1] CaoC Y, KouZ W, Jiang D M, et al. Sustainable management of Caragana microphylla community in sandy land. Journal of Desert
Research, 1999, 19(3):239~242.

[2] Jiang F Q. Cao CY, Zeng D H, eds Degradation and restoration of ecosystems on Keergin Sandy Land. Beijing; Chinese Forestry Press,
2002. 30~ 35,

[ 3] John K H. Biodiversity and the productivity and stability of ecosystem. Tree, 1996, 11¢9): 372~377.

[ 41 Mayurran A E ed. Ecological diversity and its measurement. New Jersey: Princeton University Press,1988. 35~62.

[ 5] Tilman D & Downing ] A. Biodiversity and stability in grasslands. Nature, 1994, 367;: 363~ 365.

[ 61 Peng S L ed. Dynamics of forestry community in southern Asia tropical. Beijing: Science Press,1996. 50~59.

[ 7] ZhouRL, Wang HO. Correlation between resistance to dehydration and lipid peroxidation of desert plants under atmosphere dehydration
and high temperature stresses. Journa of Desert Research, 1999, 19(supp. ): 59~64.

[ 81 ZhouR L. Zhao HL, Wang H Q. Characters of resisting adverse environment in vegetation evolution in Horgin Sandland. Journal of
Desert Research, 1999, 19(supp.): 1~7.

[ 9] Fonseca CR.and Ganade G. Species functional redundancy, random extinctions and the stability of ecosystems. The Journal of Ecology
2001, 89(1): 118~125.

(10] Lawtom ] H and Brown V K. Redundancy in ecosystems. In: Schize E D and Mooney H A eds. Biodiversity and ecosystem function,
Ecological Studies Analysis and Synthesi, 1993, 99; 255~279,

[11] Morgan S K, James H B. Homeostasis and compensation: the role of species and resources in ecosystem stability. Ecology, 2001, 82
(8): 2118~2126.

(12] Tilman D. Biodiversity population versus ecosystem stability. Ecology, 1996, 77: 350~ 357.

[13] Walker B. Biodiversity and ecological redundancy. Conserv. Biol. » 1992, 6: 18~23.

[14] CaocCY, ZhuL H, Kou Z W. Relationship between redundancy structure and stability of plant vegetation on sandyland. Chinese Journal
of Applied Ecology. 2001,12(supp. ): 13~16.

[15] Dang C L. Redundancy structure in phytocoenosiums as an explanation of ecosystem stability. Acta Ecologica Sinica,1988,18(6) :665~

672.

[16] Y Ma S J. Stability of ecosystem. Acta Ecologica Sinica, 1991, 11(4) . 361~ 366.

[17] Zhang DY, Ji X H, Zhang S L. An ecological analysis of growth redundancy in root systems of crops under drought conditions. Acta
Be cientalia Sinica, 1995,15(5): 110~114.

(18] Zhang R, Zhang D Y. A comparative study on root redundancy in spring wheat varieties released in different years in semi-arid areas.



1186 &2

et

¥ W 24 ¥

Acta Phytoeclogica Sinica, 2000, 24(3): 298~303.

[19] Odum E P. Basic Ecology. Philadelphia; Saunders College Publishing,1983. 46 ~155.

[20] Ren M X, Wu Z B. Redundancy of plant and its ecological significance 1. Studies on growth redundancy of aquatic macrophyte. Acta
Ecologica Sinica, 2001, 21(7): 1072~1078.

[21] BuJ, Nan Y H. Study on aboveground biomass development of Caragana microphylla community. In: Cao X. S ed. Studies on the
integrated control of wind, sand drifting and drought in eastern Inner Mongolia(I1). Beijing: Science Press,1990. 118~125.

BEIR:

(1] ®WAA./PHEBILIATIRERZSEMNEHHR. PEY B, 1999, 19(3). 239~242,

[2] ZRuE, WRHEH, YER.%. MRILUVHMESREBILSERE. L. FEMLBMEME, 2002. 30~35.

(6] ELB EERTHEARESZE. L BEH Rk, 1996. 50~59.

[7] FmE, T80 ETR SRBEFUEHAYRBRKESBIESRAXROWE. FEBBE, 1999, 190#).59~64.

[8] A, RreAk, WM. B/RILUHHEBREGTBERFE. PEY B, 1999, 1908):1~6.

[14] WA, KWK, BERR. 5. PHEAYHENTRSBEEORIT. MAESEMR, 2001, 1208, 13~16.

[15] &M HYBREQTRSEH. £5%M, 1998, 18(6): 665~672. |

[16] HX#,OHR. EXREREEIR. £5%M,1991, 11(4); 361~ 366.

[17] KB, ¥HE. % TRERGTEYRREKTROESHH. BLEYER, 1997, 15(5): 110~114,

(18] %%, kKB, ¥*TRXFNEFAFRLMBREKTROLEZRIR. HPES¥M, 2000,24(3): 298~ 303.

[20] fEBR, RPOR. HYHTRERAESFEXL KREKEMWEKTRTNR. £EF#, 2001, 21(7); 1072~1078.

[21] ME, BRE MMABVIILBFLEYRBIEOTE. L.¥FHEIR ARTABRERAYD TESSRENE IL LR . B ¥ 0K,

1991, 118~125.



