55 44 55 17 1 S & 7 i Vol.44,No.17
2024 4F- 9 H ACTA ECOLOGICA SINICA Sep.,2024

DOI: 10.20103/j.stxb.202311192521

ZERASE, SRS R ORAR TR B KRB, e s & R 4 B B 22 LIS (D3 ) AR B 2 L S AT SR A RIS s R R B He s i R R 2
A2, 2024 ,44(17) . 7770-7785.

QinSY, WuXL, ChuBS, Zhang Z Y, Zheng C H, Liu F, Zhang S ¥, Zhou J X.Characteristics and influencing factors of soil aggregate composition and
stability under different slope orientation and elevation gradients in Helan Mountain.Acta Ecologica Sinica,2024,44(17) .7770-7785.

R= LA E 3 m F0 ik 46 E T 5 E R AR RE K
TUHFELEZMEE

Rt AR AR IR B AomaE 1) oD SRR B2
1 AEETOll K2R AR FE2E B, 7K L ARRE E GEbROl AR ) B 0 S5 30 3, B3 100083

2 dEmthll K = KRB AR S R G e AN B 5T 3G, JE 3 100083

3 TTHRARER A SIS RIS, M 510650

FEE L+ R PR R ARTR A Pk i A [l 4y TRl % L AE S R S DIRE VAL 5 HIRERMBFE A EERE X, MR TREX WL
b~ A R AR P 2 ) AR A RFAE B LR R R BB 2 (LR W) ) (PR 6 AR ARAE RIS e ) FAESR B B2 (1300—2800 m)
)2 (0—10 cm) FIE T2 (10—20 em) HHEAWFFIN G, WE T 3K ERME R R ARG R, 7357 T 5 A1 R AR
SV 23 (6] 43 SRR B 7 T 39 P SRR R 1k 5 T R BRI PR T 2 YOG R . S5 SRR W] WF SR X 3 >2 mm Al
0.25—0.05 mm KA T, Lid DR BUR B (CDC) FUKRE 23 BUE (CDR) 43 BT, 2R b3 R0 76 1 doke 1 30 10 1T B8 A
SEMERAR T PSR m B . X T b e KRR P K P 3R R A2 7 PR 85, AR AL 3l PR SR R SF- 34 5T 1 B A2 (MWD) R LA P34 B A2
(GMD) FA%, 43519 1.56 mm H10.44mm , H3EK AR M A R IR fe P e 25, BEIEAK TH 5, 48 CDC F1 CDR 38/, AT R B (DOA)
WK R AHE GMD 2 TR 3 T2 L MWD L GMD (B8, TUAY ST 36 I -1 398 B0 P S5 2 59 I S [+ 3 44 133 1)
T R AR E PR B R b HIEA BB KRS IS Mg™ R R R

SKERIR BT R IR AR RS E I 5 LA S RS

Characteristics and influencing factors of soil aggregate composition and stability

under different slope orientation and elevation gradients in Helan Mountain
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Abstract ;. Understanding the spatial differentiation of soil aggregate stability in mountainous areas is of great significance for
assessing the function of mountain ecosystems and preventing soil erosion. In order to explore the spatial variation
characteristics and influencing factors of soil aggregate stability in arid mountainous areas, surface (0—10 c¢m) and
subsurface ( 10—20 c¢m) soils with different slope orientation ( northwest, southeast, northeast and southwest) and
elevation gradients ( 1300—2800 m ) in Helan Mountain were selected as research objects. The composition of

macroaggregate and microaggregate of soil water stability was determined, and the spatial differentiation of soil aggregate
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stability was analyzed. The relationships between soil aggregate stability and topography, vegetation and soil properties were
revealed. The results showed that the soils in the study area were mainly composed of aggregates with grain size >2 mm and
0.25—0.05 mm. According to the analysis of Clay Dispersion Coefficient (CDC) and Clay Dispersion Rate (CDR), the
stability of soil microaggregates on the northeast slope and southwest slope was better than that on the northwest slope and
southeast slope. For the stability index of large aggregates of soil water stability, the Mean Weight Diameter (MWD) and
Geometric Mean Diameter (GMD) of aggregates on the northeast slope were the lowest, which were 1.56 mm and 0.44 mm,
respectively. The stability of soil water-stable aggregates was the worst. The CDC and CDR decreased, DOA ( Degree of
Aggregation) increased, and GMD of surface soil increased, while MWD and GMD of subsurface soil decreased with
elevation. Redundancy analysis showed that soil physical and chemical properties were the main factors affecting the stability
of soil aggregates at different elevations and downslope, in which soil bulk density, capillary porosity, clay content and

exchangeability Mg”* were the main factors.

Key Words: aspect; elevation; soil aggregates; aggregate stability; mountain ecosystems
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DX I B P, AR -8 °C  AE IR K R 481.1 mm (60%—80% AR /K B % A e 6—8 ) 1Y Al g HLAT I i
T H A LA, T BB O T B 5 ( Desert grassland ) 5 1 i Bk (Amygdalus mongolica)) AR ER S LI
M\ (Caragana tibetica ) . JKHi ( Ulmus glaucescens) | il ¥ ( Pinus tabuliformis ) | 18 28 #k ( Mixed forests ) | # #
( Juniperus rigida) 7516 25 A% ( Picea crassifolia) V.5 LLI 548 ( Subalpine meadows) .
1.2 R SEE R AR

PERERR 22 ILPGAC AR AR ACFPE R PO 3% ), P VAR B2 (1300—2800 m ) 43 Jt] 356 B 3L A4 il oy P AE B+
FEOMWFFERT SR, 25 FOK PRI B 3 DN ER TR AR R/ A 20 mx20 m JEAAH 5 mx5 m, FHIH 1 mx1 m,
ICFAEHAE R (3R 1), BERHURATE Y, & LB R LR 0—10 om FIZK T JZ 10—20 em B9 SRR,
KPR JT R, 25 B 3 A, AR AR A T 2 A3 AW B A% [l S g0 28, XU fe 2ok s DA A 7 0 2
AN E . RISREESFETT I 0—10 em AT 10—20 em MJF0IR 4 3 ARG I SC00 = 4 i+ e
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Table 1 Basic information table of sample plots

FEHL W 1m) HIZ7 35 A T 2 A

Sample site Aspect Elevation/m Slope/ (°) Soil types Main vegetations under forest

HM e[ 7} 1349 6 ik HEAE ( Convolvulus tragacanthoides )
PNp)3 1349 6 £ (Stipa capillata)
ARy 1848 4 TR JL( Caragana roborovskyi)
PURE3 1856 15

MG [iEl®3 1722 15 M+ A3 B 32 (Salsola laricifolia)
PP 1670—1716 22—39 4§ M (Potentilla fruticose)
FALWk 2110 23 %—EF'HE(Am)gdulus mongolica)

DJ Vi 2107—2134 4—5 HEt+ HORERE L ( Caragana tibetica )

4x &M ( Potentilla fruticose)
£ (Stipa capillata)

HY [tk 43 1953—1971 20—38 Rt BHT (Ulmus glaucescens)
Ky 2012—2043 26—32 B 5E/NSE ( Berberis dubia Schneid)
i) 1905 10 5483 (Spiraea salicifolia L.)
[ifEag2 1910 13

YS g3 2030—2036 32—40 YRR WA (Pinus tabuliformis)
Amv 2277—2305 19—24 54835 (Spiraea salicifolia L.)
ZRAbd 2150 31 B 5E/NEE ( Berberis dubia Schneid)
[iTEap2 2123—2173 26—28

HJ [l ;3 2227—2243 19—39 YRR H G242 ( Picea crassifolia)
IR 2336—2344 20—26 114 ( Populus davidiana)
ALyt 2160 27 B 5E/NSE ( Berberis dubia Schneid)
iTEap2 2160 16

DS Atk 2350 32 It KA (Juniperus rigida)
ViR HE 2360 35 H G242 ( Picea crassifolia)

QY [lie[#)3 2395—2401 21—27 KA+ HiF 742 (Picea crassifolia)
KEgHE 2461—2520 16—23 B BE/NBE ( Berberis dubia Schneid)
ARy 2664 28 & H (Carex spp)
=g 2707—2717 26—28

GC (iRl 2590 10 = B 5 (Artemisiacapillaries )
R Y 2580 4 #EME (Potentilla fruticose)
b 2635
PRI 2635

HM ; 372 i % Desert grassland; MG . ¢ iy i BE#E M\ Amygdalus mongolica bushes; DJ: #ARER Y L Caragana tibetica; HY ; JKAGAK Ulmus
glaucescens forest; YS: MHAMK Pinus tabuliformis forest; HJ : JR3EHK Mixed forests ; DS: F:AMA Juniperus rigida forest; QY : H G =2 Picea crassifolia
forest; GC V. 1135 fq) Subalpine meadows
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FEBIRCIK 50 g, B K 5.2.1.0.5.0.25 mm G4, [ fE4R 5 22 b, BOA KA AR Ak 22 65 21 1 2% 48
570 4 EAE(<0.25 mm GLATRIRAEARRIRAE S, DU HIE ZE T AL ) BB ETRi N, FF3h Bk i+ L
GATAT IR K, BB T AR 30 min, IR 32 30 v/min, FRIR 15 L5 18 180K B4 K
T, T R g1 BRI R R R e gt R A E B R & BT AR TR A 40K

KU 8 b fi & K A AR RS @ P ¥ R & B 48 (Mean weight diameter, MWD ) | JL{a] 3 ) B 1%
( Geometry mean diameter, GMD) [ B4/} 2 ( Percentage of aggregate disruption, PAD) 2%/,

MWD = Y w, x, (1)
i=1

GMD = exp i w, Inx, (2)
N, w, IR R G2 L e i I R R AR B 0 B (%) , =, 5 @ AR P2 A (mm)

w

m
PAD = *

x 100 (3)

my
o, m, FoR TOEEDE>0.25 mm HEERAAY BT ; m, FRMBHHENE>0.25 mm AR B,
- TG A SRR I R SR FH 0 53 - A8 2, 3 i 5 2—0.25,0.25—0.05,0.05—0.002 , <0.002 mm 3 4
AL Ak A BRI S 4 L A i Y
DA SR ARHEH K 1 3 BRE T o S b = HE A 0 i R 1, SR ARG HZ 43 0 3R 28 ( Clay dispersion coefficient
CDC) KFRL 7% ( Clay dispersion rate, CDR ) Fl1A 5 & ( Degree of aggregation, DOA) VENFEARPEM AT R 47K
Rk,

!
W <0.002

CDC = x 100% (4)
W <0.002
w'
CDR = —*% x 100% (5)
W <0.05
DOA = (w505 = W, 005)/ 10,005 X 100% (6)

" 0 SRR IR A P R AR AR 2 A 3 M (L
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FH ICP-OES HLIBHR A 45 B 60 & A A 22 5 - HEAT WL R FH F 8 BRI S Ak i — MM BAGE I 22 5 1 496 4 /URN
AWEAHZE 1,80, F1 H,S0,-HCIO, W5 , A L2253 H7 X SMART CHEM 200 %"
1.5 HdEabr

KR Z R ZET7 22T PN IR 3 ) | )2 5 BT - S A 1 o A SR AR e M A i), R FHTUAR 40 i v
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2.1 BIERRfb RS AR Ak

IR EIENREIN 1.03—1.2 g/em’ (K] 1), H A A R AN 7E m 3 25 1 0 38 K T AR AL AP db 3% (P<0.05) 5 +
LB LA B LB 32, A TE 0.48—0.53 em’/em’ Z ], AE BE LI & EAHXTEAR, 7€ 0.01—0.03 em’/em® 2
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(47.8% ,P<0.05) , WZR R8> PU AU S AR L3 > PU R 5 - SRR IR AL & i 5 ks 5 BUAR S 1 AR fb ka3, Bk &
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TR AR R IR (32.23%,P<0.05) , 7E VG AR ICFNPY p b 1) [RIA7AE 25 57 (BN 1835 (P>0.05)
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17.69 ¢/kefl 11.07—17.69 , KM AR>S PHIL > A7 > P R 5 T3S 6 15 B oM AR L3 0 3 e 55 (4.46 cmol/
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S ARAC I > VUG > 2R R 3> VU R B, 7E 2R R R P B 2 ) 25 5 2 2 (P>0.05) 5 IR ss R B R I
VUG FNAR R 3 S 28 R T 2R AU A PG R 3, 7 P AU R 2R R e AR G 3 R 7 g 3 =2 [ 2 S A i 3 (P>0.05)
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Fig.5 Soil aggregate composition at different altitude gradients
®2 WAEBRESLIENSERHFESH
Table 2 Multivariate ANOVA analysis of aspect, elevation and soil layers
g S o . ARSI
BEAIRN WEANCE  HRE OPRRERNEEG LTV R l“f o
K- Clay dispersion  Clay dispersion Degree of Mean weight ~ Geometry mean reentag
- . . . aggregate
Factors coefficient rate aggregation diameter/mm diameter/mm ; .
disruption
F F F F F F
P 14] Slope aspect 1.928 77137 6.488 """ 5.693 " 7.806 """ 4.149 "
3K Elevation 3.278 " 12.593 *** 10.539 *** 1.218" 1.474 1.35
+JZ Soil layer 2.338 0.494 3.918 9.1 6.949 " 2.99
¢ [v] x V3
HelEx . 2.036 " 6.235 """ 4.898 *** 1.777 2,712 1.322
Slope aspectXelevation
< B
fﬁrﬂ 1= . 0.755 0.289 0.31 0.842 0.508 0.21
Slope aspectXsoil layer
Hitix L 2
s ,j:E: . 1.552 1.471 0.425 2.518" 2.189 " 1.193
Elevationxsoil layer
xUEHE % =
B> LR 1.047 0.774 0.683 1.318 1.33 0.554

Slope aspectXelevationxsoil layer

FMgrh « LRI P<0.05 b2 F W E, +* fRFTIE P<0.01 b2 57 W3F, «++ fAERAE P<0.001 kb2 ik 3

PIFFEIX. -9 P SR ARG S Mo i ) (g o AR TR] (18 6) o 33 SR A4 CDC 3R P b3 > 2R B > P e 34>
oAb 76 R F S N PG R MR A 24 F R S (P>0.05) ; 13 DOA N PU R (136.48% ) e i, AL PG L% DOA
{EARIE (112.04% ,94.39% ) , 7< i B e IR (82.42% ) . T3 R A& MWD £ B4 45 B9 (2.01 mm) FI 7§ b
(1.98 mm) B8 F = TR (1.7 mm) FIZRIL(1.56 mm) 37 ( P<0.05) ; 13 GMD FBU N ARG %> Fu by > P pa 31 >
e, £4 PAD 5 GMD A ALk, £ T2 A RA DOA MWD 1 GMD ¥/ T-R)2, i+ 5 R
& CDC F1 PAD MR RR)ZE TR T2, H FEAR MY, MWD il GMD W+ 2 A7 i 3 25 55 (P<0.05) .
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