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Spatial variability of soil thickness and the distribution characteristics of herb and

shrub communities in the arid and barren areas of Taihang Mountains
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Abstract: The soil layer is very thin in the arid and barren areas of Taihang Mountains under natural environment. Bare
patches were usually formed and soil erosion and other geological disasters frequently occurred here. The coverage rate of
natural forest is low and vegetation richness and species diversity are also limited. In order to explore the relationship
between soil thickness and the distribution of plant communities, the spatial variability of soil thickness were studied on the
northeast and southwest slopes of the dry and barren mountainous areas of the Taihang Mountains by geostatistical methods.
And the differences in community distributions, species diversity, and species richness at different soil thicknesses were

compared. The results are as follows: 1) the soil thickness was between 0—50 ¢cm, with an average thickness of 11.69 cm
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and 12.77 em on the northeast and southwest slopes, respectively. Soil with thicknesses of 0—15 ¢m accounted for 71.43%
and 62.81% respectively on the northeast and southwest slopes of all their soil types. 2) Soil thickness on both slopes
showed a patchy distribution but with significant spatial heterogeneity and strong spatial correlation. Moderately strong
spatial variation and structural factors were the predominant factors causing the spatial variation of soil thickness. 3) The
plants on the studied slopes were mainly herbs and shrubs, and a total of 22 families, 33 genera, and 38 species were
present. Where the thickness of the soil layer was below 10 ¢m, the plants were mainly herbs. Otherwise, the plants were
mainly shrubs. Among them, Lespedeza bicolor was the dominant species where the soil layer thickness was 10—20 cm, and
Vitex negundo var. heterophylla and Zizyphus jujuba var. spinosus Hu were the dominant species where the soil layer
thickness was more than 20 cm. 4) With the increase in soil thickness, plant community composition varied significantly.
Where soil thickness was less than 15 e¢m, species diversity and species richness gradually increased as soil thickness
increased, reaching a maximum value where soil thickness was between 10—15 c¢m. Where soil thickness was greater than
15 em, species diversity and species richness tended to decrease as soil thickness increased, indicating that soil thickness

affects plant diversity and species richness.

Key Words: Taihang Mountains;arid and barren areas;soil thickness ;spatial variability ;herb and shrub community
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Table 2 Statistical characteristics of soil thickness

Wemi FEg BeKfH/em  BuME/em B{E/em b2 A5 R it BE [35%3 K-S Ha4:
Slope Sample size Max Min Mean SD Cv Skewness Kurtosis K-S test
PURg Southwest 441 49.60 0.00 12.77 8.07 0.632 0.574 0.310 1.270
7Rt Northeast 483 37.40 0.00 11.69 7.13 0.609 0.481 0.221 1.109

A A L R S 2y b R B A FE R (TR 2) T S R AR AR 0—20 em , A< b ] AP R )
2 AN ) 7 B 88.829% 11 80.95% 5 JEEHE KT 20 em AYRE 43 i BB 11.18% A1 19.05% ; + 3 L&
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Fig.3 Semivariogram of soil thickness
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Table 3 Semivariance function model and parameters of soil thickness

R B b i Bedrfr AR Bt/ o Wk ZHL(R?) BETHA
Sample Theoretical (Cy) (€)) HAME Coefficient of Residual sum
Slope k o Range .
sizes model Nugget Partial sill Cy/ (CytCy) determination of squares
PG Southwest 441 Bl AR 1.9 65.40 0.0291 22.5 0.840 324
%t Northeast 483 HORABEA 0.1 48.87 0.002 20.0 0.907 74.2

http ; //www.ecologica.cn



6 3] PR A ORAT L L o 8 R R () A S B R AV 0 A R 2085

ARTR G /N I - MR 235 )3 S B A IR ARG PP A I i TG g i) R B0 T R B 14 8 AR 43
420.0 m A122.50 m, S RAT IR L DX 5 L st B AR O 52 2%, sE i IR 26 20 (H R SR SR B
—E WA [E S, — N TER R0 AN KIS, AT UK AR S ek B FR 1Y 172 1 BORE Tl B i | RR
A SE TR TR T 5 mxS m B RAE [ B AT LA JE ORAT LG L DX 8 B i 2 () A8 S P 4 B Y 22K
3.4 IR R

- 48R 245 (A8 S S5 R RRAE BT 1) SR Ak AR 2 T 22 R B SR, DL - R S AR R
Kriging J5 {26 WY 11 54725 [ 4 (B3 B , 75 2] 1 3SR 2 (R A S (E 2 1 (16 4) o NIRRT LR Y, 3
FE R A3 18] 3 A0 b Jm S B e, IR B SR BEHOIR 34 . B TR R TRk TR IX K 2 | s %
AP ARME R B BRAR A 57 4 B SRS DRI 2 76 25 1) b 222 AR b 15 A [ A 248 78 R e 8 e 19 4 A7 A
JRy PO A S R R A R M AR R A S e, L e A M T R AR D BN, BT SR M BB T R
BEHUAR 5 3 K 0%, B R R o5 A AR BERR U BE AT S A PRk 2120 TR, 2 i ARG
TR INT 3 T A7 R AR RO, XU Ak 8% 4 W S5 R B T R R A P T R B T ) AR TR R B A 2 1
ot

100 110
90 100
90
£ 80 50 E 40
£ E 80 36
£ 70 2 (
® 8 40 ®2 4 0
h‘ge 60 %gs ) 28
=& 5 3 3 £85 R CQE\ . ‘ 2
7 £ ‘ g5 so gl / | o 20
BEE 40 20 B< \_ (Y ‘ 16
B8 K8 40 PN : \ I
=5 30 235 AN ) N []
2 10 2 | ‘ ‘ 8
5 | 5 \ ) _ ~ [ I
2 20 & 2 20 (& . N 4
E , & i |8 @ Ik
10 ) 10 K\ o 1
0 \ Q | 0 _ ‘., ‘ /i
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
T T R TR B S FRALP I B
The distance of top of southwest slope/m The distance of top of northeast slope/m

4 TEEEHNZESRE

Fig.4 Spatial classification of soil thickness
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Table 4 Vegetation types in different soil thickness
- . WFEL Speci
TR/ em FEMEY) pecies
Soil thickness [P Rt

Vegetation type

Southwest slope

Northeast slope

5—10

10—15

15—20

20—25
25—30
30—35
35—40
40—50

WFHE 3% (Allium japonicurn vegel ) | FL ¥ ( Orostachys fimbriata ( Turcz.)
Berg.) . # A5 JK ( Cynanchum thesioides ( Freyn ) K. Schum.) . B X
( Saposhnikovia divaricata (Turcz.) Schischk. ) 5§

B35 4¢ ( Dendranthema indicum) 2= 3% ( Potentilla chinensis Ser.) . D J#
( Digitaria sanguinalis (L.) Scop.) JKIKZZ( Chenopodium album L.) | %
( Pennisetum centrasiaticum) 117 ( Dianthus chinensis L.) ¥5%4 ( Scorzonera

austriaca Willd.) KT ( Lespedeza bicolor Turcz.) 5§

YL ( Rosa rugosa Thunb.) | Tl ( Eleutherococcus nodiﬂorus (Dunn) S.
Y. Hu) , KATEERSE ( Clematis kirilowii Maxim.) | 7% % ( Artemisia scoparia
Waldst. et Kit.) , 3 & 3¢ ( Salsola collina Pall.) | [1 ¥ i J& B ( Setaria
viridis ( L.) Beauv) | 81 £ 7, B8 & ( Ziziphus jujuba Mill. var. spinosa
(Bunge) Hu ex H.F. Chow) %

JLHE (Arthraxon hispidus (Trin.) Makino) Ji % BEE (Artemisia princeps
Pamp. ) \#G5 ( Rubia cordifolia 1.) B (Artemisia capillaris Thunb) | i
KiF 4 (Vitex negundo L. var. heterophylla ( Franch.) Rehd.) [FRAE . 1l
Wk (Amygdalus davidiana (Carr.) C. de Vos) 5§

NI B2 ( Rhamnus parvifolia Bunge) | F Sk TR 1Lk EE

NI ERZE FRI A% MR R HEAT ( Grewia biloba G. Don) | 11HEEE

JRHRFE N R A IR MR

JRHAT N EREE R A R R

R AHFE JR 4 TR R AR

12

11

10
12

3.6 AN[FE IR T YR S

5 WoR TR RIEE T R YA Z RS R A dr T 0, 78 DR /N T 15 em B, Bl 18R
BEYEIN, PR BN, YR E B T, Margarlef $8%(( M, ) . Shannon-wiener $§ %% ( H) ., Simpson $§4(( D)
F Pielou 62 (J) B K, Vb ZREVER B s A HE T HERETE 10—15 em BISIEEGABIR K, 75 HIEE
JEAT 15—35 em I, &35 BOM T S EETE 10—15 om BHEECE FTFRAR, 22k TR, Ysh Z Ry #h
FwEERRRE , TE IR T 35—50 cm B, YR EO D | 248 BORE AR, YrFh ZREvE R R & 2 A
FEARA A X o Ui B AP E R B WA [ 38 SR 2 T R ARV 1] 09 22 S MR I N A 2
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Table 5 Species diversity in different soil thickness

BB /e TR Southwest slope Z-AtH Northeast slope

Soil thickness H J M, D H J M, D
0—5 1.23+0.12¢C 0.89+0.09abA 0.89£0.09¢B 0.890.03¢C 1.19+0.29dD 0.82+0.04hcB 1.81£0.63heB 0.630.11cC
5—10 2.20£0.13abAB  0.92+0.03aA 3.07£0.23abAB  0.87+0.03abAB  1.77£0.18he¢BC  0.93+0.02aA 1.82+0.32heB 0.81+0.03bAB
10—15 2.47£0.12aA 0.91£0.02aA 3.630.36aA 0.90£0.01aA 2.43£0.12aA 0.93£0.01aA 3.25£0.48aA 0.90+£0.01
15—20 2.020.18bAB  0.78+0.02bAB 2.99+0.53abAB  0.82+0.02bB 2.0120.14hB 0.83+0.01hcB 2.55+0.34abAB 0.83+0.02abAB
20—25 2.07t0.19bAB  0.81£0.01abAB  2.79+0.63bAB  0.84+0.03bAB 1.84+0.09bcBC  0.84+0.01hB 1.91£0.20beB 0.81+0.02bAB
2530 1.73£0.41becB  0.69+0.12bB 2.610.50bcB 0.79+0.03bBC 1.93+0.07beBC  0.79+£0.06¢B 2.57+0.63abAB 0.80+0.01bB
3035 1.99+0.04bAB  0.81+0.02abAB  2.39+0.26hcB 0.83+0.01hB 1.90£0.13beBC ~ 0.79£0.01cB 2.32+0.48bAB 0.79+0.02bB
35—40 1.88+0.17beB  0.82+0.01abAB  2.01+0.38¢B 0.80+0.04bB 1.70£0.09¢BC ~ 0.790.01cB 1.73£0.21beB 0.77+0.02bB
40—50 1.5120.34¢B 0.68+0.13bB 1.8420.34¢B 0.73+0.05¢C

H.Shannon-wiener 27840 Shannon-wiener diversity index;J;Pielou 515850 Pielou evenness index; M ,: Margarlef 8 A Margarlef richness index; D); Simpson PA=2iTi Simpson
diversity index; il —FIAFAE FEHRREFRLE(P<0.01) s F—FIRRNE TR #5257 B3 (P<0.05)

3.7 AR LR T AAE b 5
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i SEAE HIRIRIEAE 0—15 om WHZHTHEIN , BEIRZHTFEAR . 3R 7 Sow | P RISOMUZR U E A 5 S8 M 38 1
1E P<0.01 /K- L #RA7AEMR 35 IEAR G, U W] S8R L B2 M) 1 e B ot JEE A9 788 A, - J TR B, 98 A 2 i e
T TP A S22 5 B H N B A R S BE AT PR B L AT R LK SRR I3 e R R A
WSCHE A 2 2 BB ey, AR 2 2 BE RS I, S B80T RS R FOR G, (A R AR 2 2 AT BT A

R6 TRATEEEMNEEERSE

Table 6 The vegetation coverage in different soil thickness

MR e PEHI Southwest slope AL, Northeast slope
Soil thickness A HEARZ FAR HEARZ

Herb coverage Shrub coverage Herb coverage Shrub coverage
0—5 6.58+2.42¢C 7.84+1.90cC
5—10 19.96+5.95hB 6.37+0.20cC 11.88+2.54¢C 10.56+0.94(E
10—15 28.12+4.47ThAB 19.20+1.64¢C 29.60+3.18bB 19.67+1.77¢E
15—20 23.44+3.02bB 37.77+8.87bBC 26.22+2.47bAB 31.34+1.93dD
20—25 36.27+4.03abAB 36.08+11.97bBC 20.56+3.50abAB 46.47+2.90cC
25—30 41.81+14.65aA 34.94+10.34bBC 20.97+1.05abAB 51.69+1.76bcBC
30—35 44.04+8.80aA 42.27+8.78bB 22.89+2.68abAB 51.50+3.96bcBC
35—40 32.67+7.95abAB 54.56+6.95abAB 16.93+7.12abAB 58.92+4.98hB
40—50 24.10+6.25bB 67.12+6.63aA

] — AR RS b R 7R 25 Sl i 25 (P<0.01) [/ — SR [R)/INE 013 R 25 57 3 (P<0.05)

®7 TEEESZERXEST

Table 7 Analysis of the correlation between soil thickness and coverage

ARICPEREAR s DU A PR S EAR ARALHE A ARALHREAR
Relevance indicators - E =3 =55 ==
F R F Soil thickness 1
VORISR AZ 0.618 |
Herb coverage of southwest slope '
7z v 126 [Bp

PRS2 i 0.963 " 0.527 1
Shrub coverage of southwest slope

= = 2 [y
AL A R i 0.349 0.609 0.434 1
Herb coverage of northeast slope

Vil A 2 2E pe
SALHIRA 7% 0.983** 0.669 * 0.962** 0.374 1

Shrub coverage of northeast slope

x  FOREFBE(P<0.05) ;" FKRESW BE(P<0.01)

4 itig

AT e Xt AT LA Ly DX L 3t 2 A ) R e ) 435 1 ) S8 5 P AR R RE R A R A 0 R L BF 9 IX
SRR BB, AR R M e 1) 2 ST P B RS 11,69 em A1 12.77 em, T3/ T 2L fE 0—15
em, ARAG T RIPERE ] 2 AS3ETET 43 50 o SO0 71.43% R 62.81% . WA Z5 5 508 8% AL & =
B deTs A BUL X BIRTFEEE R LLBOR T AT XA S8 V2 32 B Ay 5 8, 71 S T - 496 20 5 3 24 R 21 13
em,80% M HIEE AL 20 em, R A F BT, BIEAL T SIS R CEY) O BB, A
(] LA B2 N2 15 3 B 52 MR, R RURE T FRT A0 DR 2802 32 W) B Ay 32 5 R 3R ek /N RUBE, 7 R e A &
B IR A A R AR IR R MBI R AR SE DX TR AT LR R A 1 DX L, Ak T il
RSP ZE KR IX, U000, IR AARRE R 2 48 PO R B . SRl FE PSS B SARAFAE , 52
IS S AEY) A K R LA R &R B R AL 518 AT A% DT Ll s ph R ph B,
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M [ AE SRR ST A SRR TR, 99 DX I ) - 35 88 22 () A A A AN I 1) T ) AR 38 T - 38 /5
JEB GO AR B B (AT, 10 U A 39 114 - 9 V8 B A i S0 ) s TR AT S, S R e DR R i - 4
JEEJEE s e AL S Y 2 S R TR, i 33 - 388 B2 ) A8 AR 4033138 20.0 m A 22.50 m, SRR - 4852 TS SR .
AR RSN, X FESIZMIX A R T A AR IR AT O, SRR AT 5 DX A ARG 4 B 3
T (R T ATy A AR /NS — B MR | 7 I iR & & B A v ol T 8 AR T S R3O R A )
SRR AR, B2 T BIEAE AR B LS AR AR RO R e T E AR TR T T
1 T RS S AT b R, T P R R AR A TS AR kR ) T RO R e A TR AR
s MRS L EBEE , - A= /N A —E SR BRI 0

LRI RE ) — N B RS, R IR AR AR AR A SE AR B4R T AR ROR R Y o A
R, &R TR E R 8] R, o S L X AR 1Y 2 () 25 4 R A 2 R SE D R L 7 AR R A
e 23 R R 8 1T AR AP b 2 M98 532 TR A T o D AR L o £ T AR E AR 0 IR
WEFELE R ], R BE R MR A A ) 0 A MU PR, 2 E SRR SE/NT 5 om I, 4 AT BRER ™ H AH B /D,
223 A B S SR T B BEAS R E v, WD ARV AN R 5 BB B SRR B 1, Wy b 2 R A
AN B A IR R ARSEREAR T A8 R RT 35 em W il THEARJZ S BRI, SECT LG
PERYTEB G S, (015 R ARV AR K2 RIS 0, Y Rh Z RV E AN i 2 A BRI A, BRI, R R
ORAT LR L DX L e AP A v 20 A1 B9 2 B BR A DX, T AAE R AT LR Ll XA R S e o, JE A
TR L SRR EAKAE O T, B EE A A IR JE SR 2 M SE R

5 Zhig

ORAT AR L DX L 22 e, SR I B BEBRAR A, 25 ] 0 A A3, R T 0—15 em, M5
TR M2 U S8R B R Il 5 40 2 ) S S A 20 ) 2 TR AL S 205 A DR 3 i ol S8 5 s ) A8 5 1Y
FEFHET . SIRREE RS [ 57 TPt S i 1 R R R AR R 2 BEE AN R )R R A
T PUAS EFAESE B SEARCAT TR B AR ) A REAE I BEA LR R B W, 2 A R T R A
AR Ik AR AR AL, U WS Y L HERE D S 2 YRS AR K BB AR . L, 1R AT
LB L DX L AP K R 5 e v | 08 0 A SR B S L) 22 1] ) 5 2R, 308 495 45 1) 00 ol sl o M) £
SRR T ARSI I SRR 2Ty 3, A R R AT TAE A Rt
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