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Abstract; Research on interaction and processes between plant community succession and soil property changes has
significant implications for understanding evolution of ecosystem structure and function. In this paper, plant species
composition, characteristics in soil physical and chemical properties and vegetation-soil interactions in the degraded
succession stage of shrub meadow community were investigated in the valleys of Qilian Mountains. Within a small spatial
scale in the edge of forest in the valley of southern of mountains, plant community patch evolved from Potentilla fruticosa
community to Potentilla fruticosa- Iris lacteal patch, and further to Iris lacteal community paich. The vegetative coverage
decreased, but the species diversity increased. There was an evident gradient change in soil water content among different

vegetative patches, showing that soil water availability resulted in the succession in vegetative community patches. The
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evolution of vegetative patch has a strong influence on soil physical and chemical properties. From Potentilla fruticosa patch
to Iris lacteal patch, soil bulk density significantly increased, the proportion of larger macro-aggregate fractions ( > 1mm)
decreased and that of small macro-aggregate (1 —0.25mm) and micro-aggregate fractions ( <0.25mm) increased, and
aggregate stability decreased, suggesting that soil structure degraded. Soil organic carbon concentration ( SOC) decreased
by 31. 2% and 55. 9% in Potentilla fruticosa-Iris lacteal patch and Iris lacteal patch, respectively, compared with
Potentilla fruticosa patch. Also, OC concentration in dry-sieved aggregate classes was higher in the Potentilla fruticosa patch
than in the other two patches. There is a close linear relationship between SOC and mean weight diameter of dry-sieved
aggregates (DMWD ). Loss of SOC in the degraded succession of vegetation is partly due to the breakdown of macro-
aggregates. Total and available nitrogen concentrations decreased significantly from Potentilla fruticosa patch to Iris lacteal
patch, but the decreased extent is less than that of SOC, resulting in a decreased C/N in Iris lacteal patch. However, the
differences in total and available phosphorus and potassium nutrients among different vegetative patches were not observed.
The degradation of soil structure due to macro-aggregate breakdown and the decline in SOC and nitrogen availability resulted
in the decrease in resistance to erosion and in the function of water and soil conservation, and in tumn, further accelerate
degraded succession of vegetation. Under the drive of drought due to global climate warming, Iris lacteal community patch

may further develop towards forest line and shrub meadow vegetation may further degrade and shrink.

Key Words: vegetative paich; community composition; soil aggregate; soil organic carbon; soil nutrient; in the valley of

Qilian Mountains
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B R S R RN B BHERX T T RESRES M SYREE ARASIREREHT
BEFEERL,

AT 1R G 3 R EE RR AR AR L Ly 3R P b T B X8 K P Bl —— R TR R B K R, X Rj4E TR
TKIFIFR IR R Z TR LR AR R AR S R G A& R AKIR RSpK L )RR R E Y 2R
SFHEEREMEM, GRRES . THGWAF TSR BENSRBASTEERWEERE" . EE
AMELLIK, B T2BRUEARBR A B R AN BRAREAR 3 BB B, LA R R aRB L, /F
VKB EE  RARPRE ARSI, 1L 3 B 3738 1k , FE AR ARG, K YRR F5 DO BEREAR , K LR AR INER , 71 R W A=
AR, BRI IR B R IRE A R IR R B 2 R E " B BN E R RN AR
TR SRR B A AR B AR RS R 3R, KB BR 95 48 v 76 S (R M W B bk % 3982 2k el R
A F R AR R K SORYRE S S S (XA EAIK SO AR b B B A MR TR
W o ASCHEERAR L AV RIRAT . , B S0 A BOR AL T 28 72 O [ A g B i) T3 MR AR E , v 8 7
LR T 8 o A 28K SCRURE 2 M SR 8t - S i e o
1 HREEMAE
1.1 AR IEEER

PR XA TARE L B AR X PG KA (36°307 ~39°30°N, 93°30" ~103°30'E) , JB R %8¢ T R IL L ZRAK
BRSSP, PRI 0. 5C , AEBREK R 435.5 mm, ¥R 2500 ~ 3750 m, WEF WA F5RZU, PRy 10T
BRI BRYCR E W o A2 (Picea crassifolia) PREFRE L ; B35 i) FHI o IR 948 3 B T A B B 43 57,
RHIEREE LT N4 B ( Potentilla fruticosa L. ) FI4EEEHE ( Potentilla fruticosa var. dahurica) R EFPHIFEARRE
% A ] FHIR AL 38 , 7K B B B84k , A5 A R B 418 (Iris lacteal Pall. var. Chibesis) FETE 3SR, 1 A
ZEEBEARMEY) B AH R T 2 ( Polygonum viviparum ) . K3 4T & B ( Carex lanceolata Boott. ) . 413 ( Stipa
spp. ) ZEBEIK (Potentilla spp. ) JBRE (Omytropis spp. ) \H-HIl ( Plantago spp. ) %, 3R DL 1K + 710
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1.2 BRFE
1.2.1 FEHEE
AR XNRIB BB S AR LU T 53, WAL 7] BH3E R 3 V8 , MR B & A B B 40 57, AARER

DIF & BRIGENTEIIE N £ BAE + DIEEBTE, B R N IO 1 v B, Xl /N R RO B BB 43
5, LR E TR ENAEL, FEH R ERB SR, 2004 27 J ,EMRXBERE 3 NARE/DR
R HAE R, BT IR B EE SE LR b SRR AN MR o 3 MR SLRG BB B R - F 3 1.38°33718”
N, 100°12'28"E; ¥§3& 2750m, 355 8°; FEHb 2:38°32/52"N, 100°17'49"E; ¥R 2876m , 3 BF 13°; B 3.38°
33'36"N, 100°13'18"E; 2785m, 3§ & 10°;3 MEEHEE AR FEES 25 80 ~ 120m,
1.2.2 BpSMAZFIERE

BN AN FEREPOERS A 2m x2m T, 7R BN I E B 55 5 L R R TR AR
AFPEAMEB R E 5 M BT RBOEEE A — BB B8 M HEL0 ~20cm RE M
TR B TIHATLEERSKENEARENE,
1.2.3 ZERoTMEELHE

Yrkh Z REMETE BT A Simpson 184K

D=1-Y [N(N,-1)/N(N-1)]

ep, N AR RIS REGE YIRS BB N O R § B9 BEG

TRAEZART, BT R LR B R RIT, if 8 mm AT B RENE. BES> LHRAT
2mm 97 , (6 R 4 AL PR B 407 5 S SRR U TR s e . TR
B3R 8~5.5~2.2~1,1~0.5,0.5~0.25,0.25 ~0.1,0.1 ~0.05 I <0.05mm 8 &, FHBHFHEER
kifz (DMWD) :

DMWD = iWi}E

K, Wi K o RRERERRT A, XSRS RARFRRR, WAk Rk >2.2
~0.5.0.5 ~0.25mm, AR EMEH >0.25mm FREKFREFER,

TR T AR B B AR PR DL 2R B B SR IR 4 AL TR M B & AL IR s S A&kt
T R-SH BT L A E 28k, SR MPVERL- KB THEN € 28 ; 1I3A AR A BBEA R 5 5
fE ik NH,F-HC1 BHR-FASHT L (1 2k NH, OAc B3R-JEE Bk IE "

3 MRS 3 MBS, A SPSS1L. 5 SR AR #EVE Z A MR 2 7 B & (P <0.05) K+
PR Z ] B A SR T 20T o
2 BRSW
2.1 ARIFIERYFLH R

AEFHERREYFHPHRA BEROAF (K L), EEBERERRD, SEHENBRZEXT 40% ~
60% ,FEHEARIZ T LIRS B MBS R LH T, A 51l 55 2k 36 ( Spiraea mongoliaca Maxim) |75 B
( Equisetum ramosissimum ) #1383 ( Taraxacum monglicum ) SAAYIFP , X, 20cm B —ZBENERZE , 55
ik 100% , 230 MR A B AR E , 7R R A AR T, U YR O 7, MEARCOF 28 - F 5ok
465 tk, TERBIG-DEMHERR, EBERE N 25% ~30% , GEEE R 15% ~30% , BHEE 0% ,EH#
ATEXRE L ELEEYHEAR, BERNEENZRRE WD, B BWE M 8 H ( Gentiana manshurica
Kitag. ) \FRBAR(Poa annua L. ) S AAH YR, VRO IR 12 56, 57 77K i BLRE Y RE0F 3 0 195
MRS B AR R, DB R E IR 35% ~80% , V34 51% ,FE S AT , 1 SFAE Y MR8 B3 in, i B
VIR B S 18 # , (BAE SV 5ok BB Y AR E B2, F 308 130 % B E B THER 70% 8
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R E B MRRE K FEY TR BE W, X 13K 5 BURR 545 0 ( Portulaca oleracea L. ) T T EFISE
SR IG N BEE IR, T — S AE X T 5 B VK B (Agropyron cristatum ) | J3 B ( Stellera chamaejasme L. ) \ Ji &
( Omytropis kansuensis Bunge ) S5 5 X & 3L, M Yy FP2S 20 U] PRI BARIE L I . MBI S B RIE
] & RIE-DE S, R N D E R R T S B E TR, YR BRI, R EIR
( Simpson $84) M 0.434 X3 0. 826,

®1 TREHBERRDHAR
Table 1 Plant species composition in different vegetative community patches

SR SFH + B RRS By

HHIFh Species P. fruticosa patch P. fruticosa + I lacteal patch L lacteal patch

N® H(em) P(%) N® H(em) P(%) N® H(cm) P(%)
&BHMG Potentilla fruticosa 2.4 50 100 2.1 45 100
I, Iris lactea Pall. var. Chinesis 3 30 100 8 33.6 100
%4k 35 Spiraea mongoliaca Maxim. 4 50 100
& H Carex lanceolata Boott. 345 5 100 125 3 100 52 4 100
95 & Equisetum ramosissimum 23 10 100 8 12 80
BRI Polygonum viviparum 14 5 100 6 20 100 0.8 3 20
ZBS3E Potentilla ssp. 32 4 100 20 4 60 12.6 3 60
O 1 Portulaca oleracea L. 42 8 100 16 8 60
WA Taraxacum monglicum 5 7 80
&M JE Gentiana manshurica Kitag. 3 10 40 1 15 20
ZZ3, Gentiana dahurica Fisch 4 12 60 0.2 3 10
H B HH Anaphalis lacteal Maxim. 2 6 40 0.4 5 20
B2 R Poa annua L. 3.6 24 40 6.4 28 40
HR S Oxytropis kansuensis Bunge 3.6 5 40 8.2 4 100
ZUHFRTF Schizonepeta tenuifolia Briq. 4 13 20
B Amaranthus albus L. 12.6 10 60
=M Trif oli um repens Linn 13.6 2 80
IR Stellera chamaejasme L. 2.6 21 80
ZEHij Plantago asiatica L. 5 2 20
413 S tipa spp. 16 10 60
B9 JNET Hibiscus trionum L. 0.6 8 20
VKB Agropyron cristatum 0.2 48 10
F7 Artemisia scoparia Waldst. et Kitaib 3 2 10
598 Bupleurum chinenes DC 0.6 8 10
A~ # Individual 465 195.2 143.2
A& 4 FhEL Plant species 9 12 18
B8 Coverage (% ) 100 100 80
& BN E P. fruticosa coverage( % ) 50 25 0
L5 L lacteal coverage( % ) 0 10 51
B4 Z 558 Herb coverage( % ) 100 90 60
F2 EE F Richess 0.434 0.571 0.826

* N, H, PFREYMH N BEMNBE N, H, P indicates the amount of plant individual, height and frequency

2.2 AFEFERSR T EARRHE

AFEEYRE R W TR K BARBENZF(R2) . HAENSERE 0 ~20cm HEARE
K% 30.7% , TARSR & B8 - o T AR BN 5 I ARVE BER 13K BN & BB 75% T 61% . A
BRSEARER T 130 &K BRI BHTIEAS, S B e BN IR AL , 0 35 B R, T8 1 B o SR 8 5 T AL Y
BALTEAE, (ROK ZHBESSS , INEE T L3Re K P BRI MR

ML SYTBPR AT , A R RIS PSR A M R B R g 2L R, LR 3 1B 3 B MR R R 1 A B
FEE5H(FR2,K3). 2EERE THREER, TERENBENERE, DEABETYRH0.79 g om ™,
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RBTHE 2/, H & BEEAREN DR ED 8 N EN R ER B
AR, KR B R B B AR (> Imm) BERE Ry /MR Y P T L e
KA (1 ~0. 25mm) FIEF B ( <0.25mm) (& IR RS 2%

Soil aggreagte classes

1), BIHRIREYTRY, RE > 0. 25mm KR E H B

REREAFRE R AZFABE B >2nm f12 B 1 R BEET 9 £ P R b A
~1mm ﬁé&m %’ﬁi Eﬁ‘ ﬁgréﬁ%ﬁ}ﬁ% ﬁ%ﬁﬂlﬁﬁﬁ Fig. 1  Dry-sieving aggregate distribution in soils under different
ﬁ}ﬁ%ﬂ]ﬁ%ﬁ'g lﬂéﬁ%ﬁ}ﬁ%( % 3 ) . vegetative community patches

1. & BAERHETIM. & B + DEFESEM: DERERR
J . P. fruticosa patch;JM:P. fruticosa + I lacteal patch; M. lacteal

TERANKSESESRREERTHE2 1R
R, (B B8 - T 1 A R LR 1 T R v BB 2 ) 22
A, T EE2R T ESFE I DM ERR
ZRBE; T /N WSHEIBAMRANELES (R 2) ; THANEAREPEIRS BEBEHEREE
EZRTHE2ARR, BL2ASERE >2mn M2 ~1mm 2 MRZSERRRBE R THE 2 MR, KR
FRERRZ FZFABZE, 1 ~0.5mm 0.5 ~0.25mm M1 0.25 ~0. lmm 3 4>h7 4% B F 4k i B R 1B Lk
MEREE, M <0.05Smm EREIRF IR REBE/NE2) . BIHSHT R, Z ARSI 2R % E R
AHEYRE BIA BERAMAAEX, TIR2BMAREL2E I, B <0. 05mm Kikpkish, 5 HA KR % H
RAETRSEABEMR(ER 4) APPSR R, R HRA S LHANRM2RR
TH

TREPANEHERERIZ B BENER . AUARIHBERSERIVEBEREREERTH
EWRRERR, BARBHA M ERZ BAIRARE LR (F2),

®2 TREHBFEMRTRER
Table 2 Some selected soil properties under different vegetative community patches
SR+ LERE

patch

LR o o LR . ,
Soil properties P. fruticosa patch L lacteal patch L lacteal patch

¥bRE Sand 1 ~0.05(mm) 13.5x5.1 12.8 1.2 12.5 3.1 0.438 0.665

¥3hE Silt 0. 05 ~0. 002 (mm) 73.7x4.8 73.9x7.9 75.2x1.6 0.210 0.816

$ki Clay <0.002(mm) 12.9x1.2 13.312.0 12.3x2.5 1.226 0.358

5 Bulk density(g-cm ™) 0.79+0.04 b 0.85+0.05b 1.00+0.15 a 4.96 0.073

+ A /KB Soil water content % 30.7+7.2 a 23.0x4.0b 18.7+4.6 b 12.5 <0.0001
FBEH PR Soil organic C(g-kg™!) 88.7+5.2a 67.6t4.9b 56.9+6.0b 27.28 0.001

44 Total N (g-kg™!) 6.86+0.3 a 6.21+0.24 a b 6.07+0.0.42 b 4.98 0.053

AL C/N ratio 13.4x1.9a 10.510.3 b 9.520.7b 9.46 0.014

4% Total P (g-kg™!) 0.88+£0.06 0.89+0.04 0.92+£0.04 0.94 0.442

440 Total K (g-kg™!) 18.0x1.2 19.411.2 20.8+0 6 0.037

7K H Available N (mg-kg™!) 188119 a 160 +11 b 155113 b 4.38 0.067

HXW Available P (mg-kg™!) 12.7 2.8 12.0+0.25 11.512.6 0.233 0.799

R4 Available K (mg-kg™!) 368 +29 401 £52 376 +110 1.03 0.431
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£3 TRAHNERRTEARGREEE
Table 3 Soil aggregate stability under different vegetative community patches

TRAREREE SRIEHE LB+ DERE DR
Soil aggregate stability P. fruticosa patch P. fruticosa + I lacteal patch L. lacteal patch
T FI B 4K Dry sieved >0.25mm( % ) 89.5+3.5a 82.4+2.7a 63.6+7.4b
T F RAKE I E B k42, DMWD (mm) 4.0£0.2 a 3.3x0.4 a 1.8+0.5
TEIE B B4k Wet sieved( % )

>2 mm 22.0x2.4 a 20.1+2.0 a 14.7+2.8 b
2 ~1 mm 13.9+2.5a 10.0+1.3 a 7.6x1.1b
1~0.25 mm 7.6 1.4 b 8.8x3.1b 14.0+2.3 a
>0.25mm 43.5+2.7 a 38.8x4.0 a 36.3+5.6a

SHFRPE—FEIRHT T ES,P<0.05, R—TiRE HEZBH W ILLR  Data in each line are subject to variance analysis and

the same letter in each line indicates no significance at 0.05 level

F4 ITRANBNEALE() SARGENBNEEASE(») HEEEHXA
Table 4 Linear regression relationships between organic carbon and total N concentration in bulk soil (y) and in aggregates (x)

ZikdES A HHLEK 258

R? R?
Aggregate class(mm) Soil organic G Total N
>5 y=0.9999x +5.672 0.827 y=0.3910x +3.931 0.423
5~2 ¥=0.7236x +20.214 0.921 ¥=0.3796x +3. 976 0. 602
2~1 ¥=0.6097x +24. 780 0. 894 ¥=0.3893x +3. 842 0. 684
1~0.5 ¥ =0. 5666x + 24. 008 0. 885 ¥=0.4035x +3. 507 0.727
0.5~0.25 ¥=0.6367x +15.703 0. 906 ¥=0.425x +3. 126 0. 747
0.25~0.1 ¥=0.6720x + 15. 166 0.913 ¥=0.3752x +3.532 0.635
0.1~0.05 y=0.9422x +11. 623 0.787 ¥=0.2558x +4. 726 0.348
<0.05 y=2.1722x - 13.852 0.519 ¥=0.4230x +4. 533 0.163

3 gL

ek F R RIS R, TR RO B SR K A R B IR
FRIBF G REW AR E ML T IOKRR RE S E, A FRERRZ W R KBFHBH 7. -
K 5338 B R UE T A B IR AR M s . 2R 1Y BRI SRR W, AR 1L 30 X
i 40a 3k AP RBIRBE N, AR RERERITREY, HRBROBEWE, BB ERNER
SR BERIL . FERPTFKIE, [RAESOh S BAG AR SR\, R IR A5 | K S R AR 4L, B
PIRAMK T4 A B BW/IN , FE 17 P I A8 il B 3 19 5 T S R RSB RA R AR
XK TR R HEATPBE BB K, FEEARE T BIRBS &5 Bk FE (Polymonum viviparum ) 71555
1 ( Pedicularis muscicola) 3¢ Ay L HF Y AR 2 BB HTFEAG, BET g — 2o\ R AE B SR U BB LAY 2
— BT, DR REHT GBI, AR th & AR\ R 1) & AR + SRS YOS I, BB hE
ARy B — R S B

PSRRI T 3 R B A MR R4, BE— P B B BER . A R A v TR
Z IR LA A AR R B 258 IRBRAON it K R R MR A S R A . AT
W, YT SR o S AR ST, A N JORE G SR AR iy /I % B SR A SR
PRt B E R, X ETR G THXTEARE, SEE A AR TR RE R, A AT K2
] HIEABMERIPE, 1RREEKERERE, BRARN | FEERZSERR, RELERARRD, 15
AEN; WA TEA BN B, AR & B TR, 130 BRI RS E AR, 13K aE
T, BRI REHME R EEE SRS BB AND RS /DA REAES G DEHERER >
0. 25mm +3RF RAPIAR BE R T BT, LI LN S POR LS 2 D B R, 384T
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REm AR B MR, IR AR AR E S TREY
LA 1) 3B AL K B h O REAR T, 2 3 3 K U
HEATIRERL,

R BB 5 B v PO W R 2 2 v 335 4
ERURTERGHREREERIINEN® . AT
=N, NSBREAEARERLETILEN -
T R PR LR T W BEVE SRR, KB A DL B 4 5
TRET 31.2% 1 55.9% . FEREBR AL B A R
B T R [ REVE BELR IR 76 Wi A 022 5 LA R e U %
YBENERYET HEESRGAS BENESR
LT MAE LY R B 28 5 55 AME B 138 1k 5 4
P B AR R R TR, S B R R AT G
DUBRE TR e FRREIR ™ o DRS4S R0 LR A B
EHAHEEAREES GRS B ARESZENE
BN, N 1,32 3 IR 2 2 B R IR B v B ke 1 48
BB T R E 1 AR AR A E IS B
BB 2R, LR T 0 F Bk & B 842 (DMWN) 5
BHRE B EEM X (E 3) &l 1 M B bt
HHRS BB ZH0,

BB ph 5] [ T 7 RS SR B B
ST EAR S B REABEIRER, B2RR K HE
BE/NFA BRI %, B S BOR [FAR B3k 3% C/N
W BEXR X5 E¥ T RE MR YR R R
R RIS S R M TR B F
S TEREYREE BESR Y I oh 3ok R A AL, U TE T
HOE M, B SR R R BRI 554 B B T BB 1L
B E L B S BURR

BT 5 S HOR 5 7 (L 7E 7E R B LAt
i, kTR, + B REE AR B
BBk A E R . AR E, § AR TR
KOG BRSO E R T 509 8 r A A 1
BALBEG 1 SR8 A R R A LR A
B, 58— 25 LR B RS ; R, M
BB AL BN R MR i S A R A 2 Fe
SERE RN B EATY B M iR 2
Xt T RSN TR, — i R YRR ALY

m] a M o M

—_

2180
150 -
120
90 -

2 60 HE
30 HEL B
;

HREH IR A=
Total N (g-kg-! aggregat:

5~2 1~0.50 0.25~0.10 <0.05

ARG 2B
Total N (g-kg! aggregate)

2 21 >
>5 2~1 0.50~0.25  0.10~0.05
5~2 1~0.50  0.25~0.10 <0.05
TRARG

Soil aggregate size (mm)

B2 AEEEHHERRTHR D RAREEIBRANLASE
Fig.2 Soil organic carbon and total nitrogen concentrations in different
dry-sieved aggregate classes under different vegetative community
patches

I SEWHERR; M. &5R15 + SEHEMNM: JHBEER
B ARFBRTSHERRZMERBE (P<0.05),18 TR E
BABE(P>0.05) J. P. fruticosa patch; JM; P. fruticosa + I
lacteal patch; M L lacteal patch, Different letter indicates significant
difference among different vegetative patches (P < 0. 05) and ns

indicates the different is not significant (P >0.05)

120

100 |
LR J
80 |-
*
60 | ** L4

40 y=11.787x + 35.382

20 L R =0.6843

0 I I I I I |
0 1.0 2.0 3.0 4.0 5.0 6.0

HA 5 4P 34 Bk 42 DMWD (mm)

AW B
Soil organic C concentration (g-kg ')

B3 IEATREESHARETHERRBZEKRR

Fig. 3 Relationship between soil organic carbon concentration and
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