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Abstract ; Plant diversity was ecologically important for maintaining the stability of ecosystem functions, especially in fragile
ecosystems. Understanding the dynamic relationship between understory herbaceous plant diversity and stability during
vegetation succession and its environmental drivers is essential for effective ecosystem management. In this study, the
dynamic relationship between diversity and stability of understorey herbaceous communities and its environmental regulation
mechanism during the succession process of Caragana korshinskii sand-fixing forests at different stages of succession at the
southern edge of the Mu Us Desert were systematically investigated by combining field investigation and laboratory analyses.
The results showed that: with the succession (4a—44a), (1) Herbaceous communities cover and height exhibited
significant increases ( P<0.05). Species richness rose substantially, reaching 1.57 times the initial value observed in the
earliest stage. Concurrently, both above-ground (AGB) and below-ground biomass ( BGB) showed marked accumulation,
achieving levels 3.45 times and 2.70 times greater, respectively, than those found at the onset of succession. (2) The
Margalef index followed a distinct unimodal trajectory, peaking at the 28a succession stage ( value: 0.41), while the
Simpson index and Shannon-Wiener index displayed consistent overall increasing trends throughout the successional
sequence. (3) The community stability and the Pielou index exhibited similar patterns of dynamic change, both showing an
increase first and then stabilizing. Statistical analyses further elucidated key relationships: (4 ) Regression models
established highly significant positive correlations between community stability and the Simpson index (P <0.001),
Shannon-Wiener index (P<0.001) , and Pielou index (P<0.001), which confirmed the intrinsic linkage between diversity
components and stability. (5) Mantel tests identified critical environmental regulators, pinpointing soil physicochemical
properties ( specifically pH, total nitrogen content (TN) , and the C/P stoichiometric ratio as significant drivers ( P<0.05)
shaping the diversity-stability relationship. (6) Redundancy Analysis (RDA) quantified the major environmental influences
on herbaceous community structure and stability: Soil Water Content ( SWC) emerged as the most influential factor,
explaining a significant 34.0% (P<0.01) of the variation, followed closely by soil pH, which accounting for 27.2% ( P<
0.05) of the observed variance. This study verified the positive feedback mechanism of “time-diversity” in the process of
ecosystem restoration in the arid zone, and provided empirical support for the theory of “biodiversity enhances ecosystem
stability”. It was also clarified that the synergistic regulation of pH and moisture content was the core mechanism of
herbaceous plant diversity and community stability in the understory. The results of this study provided an important

scientific basis for the restoration and sustainable management of desert ecosystems.

Key Words: sand-fixing forest succession; understory herbaceous plants; plant diversity; community stability; driving

factors
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1T /b A A VR A AE S5 ) - VDAL AR R T R D X AR SRR B R ik T A
B Se BRI RS S 0 IV R UK Sl B v R DS AR X T S 14 B — AR A AR A0 B 7 120 T AR
T HRAE YRS IR AR REAE Y 2R RN BT A AR 3 Ao A ] S S PR A3 T S
ARG BN, B BE SR AL S AR Sy 2 U, R YR R 2 e AR S K SCR AR bR AN
WiE i e S R HE TR A T bR BRI SRR SO B B T M- R
GERY KA, 3 MOR RO RO MR 1 S 3 T AR SR AL, L Ah ARV THAS O e i 48 TR
T BEER TIOR3 o AR B 43 W8 0 A 3 1 0 A 0 A T 405 K 5 1 8 0 4 5 A ) 2 e D T
RO T A bt W] BRI SRR . BT AR AR SR [ VAR RO e R X 3K 4y
Froy ke BT WA 2 B YA R A R O B AR L M R AR RZ W R HDE B T AR £
HEK 4353 FCHLIR , 222 157K B I 19 38 A R T AR R S AR A 0 5 9 30 BOR 2 L K b 2
BRE27280 SRR A3 JR 1 e B ST DS S A v ) SR AR 1 37 43 SR R — 2B T R Y
T, HETREE ISR IE TR S R 7 1 DA R e R v T (L 1 AR B AR
AT Z RV A0 M A PN AR SR I B PR B R AL, I PR ) 1 B AT+ R IX A S R G E LB 9 R Ge bk
B

FA M AL 6 B 3D M 2, SR U0 Ml 1) 3 b v DR A S B A S TR B, L IX A A R AU A A T
Fr R VD AR, R T — N0 52 8 B [ VDAL R e 51, b O [ 0 Rl R B i e R AR P v R AR S R
GEUIREM GO TSIt T AR T, AR SCLA B 5 3K v M B 1 R AN [R]EORE [ BEA AT A% [T VD MO BIF T X 42,
ERELRSAE v V8] 2 M e A 1 20 B il | JU0 DR LU =AM Co AL R (1) A 2% T 0 b ] i 42 6 T
AR ZAEME R EVERFAE? (2) MK AT S ZARME SRETER SR W2 (3) WS AR Z e S
FE PR R A IREEALE IR AT A7 LAY B 0 AR o 3o R 19 2 R RR e P DM R BILARD , O 52 XA 2 A 5
AR B S

1 HESHE

1.1 R XN

BRI T 5 % IR 5 SRR I, ML 5 VD M P 1% (37°49'—38°20'N, 106°20'—
106°37'E) , RSB Jm T RRGPETX UM, AEXIFE Ky 230 mm, FEAE AL 7—9 | 24 5 4 4F B 2 1
60% , AEZE KN 2862.2 mm , AEH IR K 6.5—8.8°C AR -1 H BBE N 2717 h, Z4E 4 TCFEI K 154 d,
o H B 35 A0 SRR E O Kbt AT E VSRR R A 45 ( Caragana korshinskii ) (KL F-4¢
( Corethrodendron scoparium ) . V% 3 2 ( Calligonum mongolicum ) 5 fIt ¥\ & A< ¥ Fh £ % Ry V0 3% (Agriophyllum
squarrosum ) , 3% ( Corispermum hyssopifolium) .
1.2 W5k
1.2.1 PR E S RIS A A

SR FH < As MR )7 (9 77, F 2024 4F 7 H #EHL 1980 41996 45,2009 45,2020 45 £ (14 7 4% B b A i
VERBRIERE I, o3 MR AL XA A6 B VDR R AO5E 4 (15,28 44 4T FEA3ANT B A BRI [ V0 Hl bk IX R 3 A
FERL B RCE 31 10 mx 10 m BURETY . A FE M 15 B R B AE i (3 <3°) |, ki A 7 b 2% 14 % S 0
BERBFENE  [R)INF A BR 25 10)  vE B Em, B SEARRE DT TRl A /N T 100 m, fERMEETT N, BEPLICE 6 1>
1 mx1 m FARET TR BA R E 0 A, R S GPS JE St AE Y 28 45 12 LA SO 38 e AR
Bo WEREMHET WA WM IR GRS, Bk S 55 B R BT s, 22 B R T8
o MWL b ER TR ORI AR 2 AR W A R B IBORE , 20 2R RS T 60°C HERE AL T FE R, AR R
s b AR, AR R IR 1,
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x1 HEMEREER
Table 1 Basic information table of sample plots

gt Ky 0

HRAER AR - Longitude and latitude Befoint AR . e
R ORHEE ey e B N o
Succession Establishment . . N . Maintenance  Biological . .
. Altitude/m  Slope/(°) 2 (E) £hJE(N)  Soil types . Constriction/% Predominant
years/ a time measures soil crust .
Longitude  Latitude 0 specles
cover/ %
§ SE(C. hyssopifoli hE
4 2020 1268 3 106.47581° 38.00609°  Ribt Pl — 15 BILC. hysopifolium) T3
(A. squarrosum)
HEL(C. hyssopifolium) |
S U W A ( Ferula bungeana
15 2009 1194 2 106.47805° 38.01929° b ] 71 54 N
R+ i Kitagawa) .55 VKZE ( Grubovia
dasyphylla)
AT (Stipa. glareosa) TP
ﬁ(F. bungeana ) VN
Melil ficinalis) \J4E
2 1995 1282 2 106.60450° 38.03461° Kbt Fol 90 6 ( Melilows officinalis) LIEEY

F( Stipa breviflora) | HAL(C.
hyssopifolium ) |, $l 3% ( Salsola
tragus)

HSZ(C. hyssopifolium ) TR
¥ ( Setaria viridis) V>A4FSF
(S. glareosa) . % VK% ( G.

44 1980 1345 3 106.74055° 38.07650° Kb+ k) 93 52 dasyphylla ), K K
( Chenopodium album ) | V> T
T (F. bungeana) JEALEF
(S. breviflora)

122 hIEREACRESIETT ik

KM AEIGERZ 0—10 em 13 BEER R THAL & YR RERAKRSFEIY )5 B 6 DFAME T hi) LR 4
BAI N — S, TENHEART 5 2 mm 5 B T A B e

A 40 2 S BB PRI E kP 25 (BD) SR AR IR ; A HLER (SOC) R E
B TR AN IR i 5 4 (TN SR i B IR BUE DN 5 4B (TP ) 2R FH NaOH B -SHBE T LE (1%
D5E 5 T3 pH SR LA R E .
1.3 Bl kb S oA

T RETE Z AR YA = & B (Margalef 328 FEFEE0) B JE (Simpson Z2FE4:48 50 F1 Shannon-Wiener
ZAEVEFRE) RSB (Pielou 5] EFRE0) RERAE , YFh P& 1E E 2 WA N W AP s B 19 2 0 I i 32
I I S AR L PN ) b 2 ] A AR T B 38 ) MR T AR AR T SR S 5T DN B 22 R 5 345 R I AR b A%
IR REH S R SIRREE  RERAR S R 5 7 AR

Shannon-Wiener Z2FEEFE %K . H = - 234 PIn P, (1)
Pielou Y5 EEFE %5 . E=H'/InS (2)
Simpson ZAEPEFE R D=1 - 2 Piz (3)
Margalef =& FEFE %K R=(S-1)/InN (4)

K, S N PR PR © IR ARXS 2 B N AT T TR IR AR
YRR R ETE(ICY)
R R P L REVE DR 5 5 3R K0 ) I (1Y) 3R
ICV= w/o (5)
S BT PR SRR o o IR B B 22 IOV (TR, iR Mo, (45
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Y A SRR N

i ] SPSS 22.0 FRAYEA R R )7 2250175 (One-Way ANOVA) 237 A [R138 B [ BEAK T FLAR RIS AR AE M)
ZREME BEVERAEME  RIERRAL T R 2 5 (P<0.05) {fi FH Origin 2024 #EA7 40886 &, 8 F R.4.4.2 Pl
“linkET” A% 52 i Mantel K255, i Canoco 5.1 #KAFHEAT RDA 4387, Bd LI s bR iR 1907 X RoR |

2 MRER

2.1 PR UM R R v R AP AR AR AR

AN R [ B P M R 25 57 3 (352, P<0.05) , HIES /KR pH, HEEA N 2R Wb E
B AR T 2 00 N ) R B TR 44a B IR B KAE, 439018 0.46% .8.49 .1.40 (g/kg) \1.61 (g/kg) .
0.45 (g/kg) o C/N B A A9 T2 52 B0 e R IS /N a3 ZE 28a I IR B R, N 6.53  TETHET 44a
Bk BN, 24 3.28, C/P Fl C/N PRFEE AH R AR fb a4 ZETRE 15a IR S5 KAE , 7390 0 3.46 ,0.86 , 7E
B 28a Bl ER/IN, 43511 0.78 ,0.14, + IS T REE R A AT 2 BRI B 3l R R 35 RN R I 4a(1.54
g/cm’)>28a(1.53 g/cm’) >44a(1.49 g/cm’) >15a(1.46 g/cm’)

®2 TRBEEMRIEENER
Table 2 Physicochemical properties of soils at different successional stages

- HEALPET Soil physical and chemical properties

gy " ] e T B £
Succession Lk HRE Soiff ﬂff Tofﬁ Tofi
. Soil water  Bulk density/ PH & , N c/P N/P
times/a tent/ % (g/em?) carbon/ phosphorus/ nitrogen/
conten 0 g/cm”
(g/ks) (g/kg) (g/kg)
4 0.07£0.01b  1.54£0.03a  7.56+0.06d  0.47+0.02d  0.58+0.09b  0.12£0.04b ~ 5.19+0.59b  1.29+0.06b 0.36+0.03b
15 0.11£0.01b  1.46£0.01b  7.93+0.07¢  0.79+0.08¢  0.65£0.34b ~ 0.17£0.02b  5.20+0.74ab  3.46+0.80a 0.86+0.27a
28 0.42+0.08a 1.53£0.01a  8.22+0.05b  1.17+0.05b  1.54+0.12a  0.21£0.02b  6.53+0.73a  0.78+0.07b 0.14£0.02h
44 0.46+0.05a  1.49+0.01ab  8.49+0.05a  1.40+0.10a  1.61x0.11a  0.45:0.04a  3.28+0.43ab  0.87+0.06b 0.28+0.03b

A[RVING FREFGR AR R B B AL B2 5 25 (P<0.05)

2.2 APSR VMR I R MK REA 7 4 B B A T T RRAIE

FrAR B VDA SR BB AR 11 M, o0 Jm 4 B9 B (3R 3) o VPRI i, sAHE YY) 2 h — 4R A Al
Yy ICFIVDTEAI R, RS R AT, 2 AR A AAH YT IR AEAR N AR S Th i B, BORAR Ui AR
B3P DA P A AR R AT A BRI B AR B e A
2.3 APARBEV AR IR PN RS B SO R

AN TRIE RS B BOAK T BAAE D) BV SO IE 22 57 0 3 (R 4, P<0.05) , Bl Fy 4% [ D PRI (1 iEA T, BEAR
R0 = 5 B S 35 0 0 IS 30 (44a) EVE 5 6 MU RTIN (4a) 19 1.57 %, RIS o6 FETE 28a I 3K
B, N 23.44% KR EFE 4da BHASIEK, A 11.56 cm ; BETE 25 B Bl 25 TR A 0E A7 22 B AR B4 I Ay b 34, e PR
A 44a(37.50 Fk/m*)>28a(35.56 #k/m>)>15a(17.78 ¥k/m*) >4a(12.78 ¥k/m*) . Hb b A=Y & M A4 4 &
BERB A O R HEAT SR BN A HE 44a AR, 730018 6.97 ¢/m* [1.89 ¢/m* JEIH A HINY 3.45
H12.70 £,
2.4 ARV AR PO REAR ) A 1 RS MRS A RRAIE

ANTRIEE RS By B T BEAS A ) AR PR RS R M 22 5 B 3 (B 1, P<0.01) , Fifi 5 [ VDA A 0 1 A T
Margalef - & R ECRE R 5L B HS 5638 0 5 98/ 09 & 34, 75 28a I 3K 3 i R (E, 24 0.415 15a e/, 015,
Simpson ZFHEPERERUA Shannon-Wiener Z 4 1 4 5 it 2 AP R (9 EA T 24 2 AL G N A 4 3 17 Pielou 35%)
JEEFERIORRE T4 R M 2 0 R R ) 1 2 e R 3, Bt 1 A A i 9 R A 2 LR S I it /5 e AR i
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Table 3 List of understorey herbaceous plants at different successional stages

g YIFh AR F J& A
Succession times/a Species names Family Genus Lifestyle
4 AL C. hyssopifolium R L —4EA
3% A. squarrosum iR R B

15 5L C. hyssopifolium BERE L —4EA
YW F F. bungeana PIER (g7 EA

FIKEE G. dasyphylla BERk FKEE —A4EA

28 VWHEESE S, glareosa RAF 5 IR ZAEE
VA F. bungeana ILF P 25 )& ZARE

FAME M. officinalis [7x TR AR

FIAEELZE S. breviflora RAFL H)E ZARE

WS C. hyssopifolium iR L —4E4E

HIZE S. tragus vk WEXE —4EA

44 WS C. hyssopifolium R LR —AEAE
% A. squarrosum s iR —4EA

FRBEE S. viridis RAF TR R —4FEA

VHERSE S, glareosa RAFRL eI EA

KR C. album iRt s —4FEH:

W F. bungeana PIER 7y EAS

JEAEETSE S, breviflora RAF R ZAEA:

R4 TRBEENRERFELERE

Table 4 Quantitative characteristics of herbaceous communities in different successional stages

FEE B FFIE Community quantitative characterization

THRF I (8] i FAEY T A = .
Hi| it na . s THIBE .
Succession Above-ground Below-ground = . FE
R . . Density/ Average .
times/a biomass/ biomass/ Coverage/ % . Richness
5 N (Bk/m?) height/em
(g/m”) (g/m*)
4 2.02+0.48b 0.70+0.17b 2.56+0.44c 12.78+4.27b 8.81x1.62a 1.33+0.17b
15 6.29+1.35a 1.23+0.40ab 12.67+2.17b 17.78+5.74ab 11.51+1.25a 1.44+0.18ab
28 5.03+1.31ab 1.6120.18a 23.44+4.69a 35.56+4.59a 9.26x1.11a 1.89+0.26ab
44 6.97+1.39a 1.89+0.34a 19.67+2.76ab 37.50+11.57a 11.56+1.92a 2.00+0.00a

A1 ING SRR AN ) W B AT TR B RRAIE 22 57 1.3 (P<0.05)

2.5 FPAREND MG R TP AR Y 2R SRR RS MR G R

TN Z AR SRS ARUE M R A 85 SR s (] 2) BT FRE PERE S Margalef =5 FE 45 20 A9 54 I
I8 (P<0.001) , FiiZ5 Pielou ¥4 BEH5 % ( P<0.001) Simpson ZFEMEFEEL(P<0.001) Fl Shannon-Wiener £ 4
PEFEEL(P<0.001) B3 Jin i 22 B HS 8 3 18 i i) #a #4 ( P<0.001 )
2.6 FPARIEIVD ARG R R TP BAHE ) AR PE SRR MR TR R R

Mantel test 25 R KW FUA TR FE M S 1% pH Bk 3 2 A A LIRS 18 M2 DTG, BUAAH )
ZREAE S IS KR ALK 2R C/P FEREREUIMC, HEA VL, 2% pH SH Y& T Ay
o AR R S RS R R B W B OCOC R R A KR H ROV i RN B 0 A G
(3,P<0.05)

THEHE T B (B 4) WIS S0 R T RE S RO R RV 2R FRRE PR . RO AR RIS i
5 Margalef & FEFEEL . Simpson ZFEMEFEEL  Shannon-Wiener ZFEEFE L K Pielou W5 BEFE B R A B VR
ZREAERFRECR IEA COCR SRR R IEADCOCR . 13 pH Al HIE S ACR B AR N AR, £
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o
Do |11 !
0.0 0 Lz s Goo
4 15 28 a4 4 15 28 44
p o 20} a
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1 EPEEERELIENEREY S SR REET ST
Fig.1 Characteristics of changes in herbaceous plant diversity and community stability during sand fixation vegetation succession

RIAVING T J R R B BT 20 AR R MR RE TSR P25 B 13 ( P<0.05)
FEMEFIRR e M0 FEZL A K 5, L BTHR 5390 34.0% (P<0.01) i1 27.2% ( P<0.05) ,
3 it

3.1 FPAREVPMRTE R AR T RSV AR M AR e MR 5 )

AR T T 9 A A R 2B 25 R e AL N ) BRI ) B 285 Y — P R0 5 125, TR W] ARSI AR A A 4 22
BEVERIBEE AR B R AR 9T A B, B 2 T B9 AT, Margalef 3 5 J 45 4. Simpson 22 B 1 15 B L K
Shannon-Wiener ZFEEHE BUE A 2 I G M Ay aF 75 1 5 DXAEE RS i ] - 22 AR 1 1F S sl
X—EIG Li &7 gD s g R —80, X —BG ] U5 TR a1 v 22 RO AR S HLT A4 B ) 1
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45 - 25 ¢
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§ Margalef=2 & 5 $5 % Margalef index SimpsonZ A tkFa %L Simpson index
= 25
?‘é 25 R2=0.07 2T R2=0.03
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&
2.0 20k
° °
15k ° ° °
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Fig.2 Relationship between herbaceous plant diversity and community stability
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Fig.3 Mantel test for herbaceous plant diversity and community stability in relation to environmental factors
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