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Changes of Species Diversity and Productivity in Relation to Soil Properties in

Sandy Grassland in Horqin Sand Land
ZUO Xiao-an, ZHAO Xue-yong, ZHAO Ha-lin, LI Yu-giang, GUO Yi-rui» ZHAO Yu-ping

(Naiman Desertification Research Station, Cold and Arid Regions of Environmental and Engineering Research Institute; Chinese Academy of
Sciences, Lanzhou 730000, China)

Abstract: This study provided the analysis of changes of species diversity and productivity in relation to soil properties in six typical habitats
(wet meadow, dry grassland, fixed dune, semi-fixed dune, semi-shifted dune, and shifted dune) in Horqin Sand Land. The changes of
vegetation and soil properties, following the degraded process of sandy grasslands show the following trends: (D productivity decreases
gradually, @ species diversity changes in a pattern of near-formal distribution, firstly increases from wet meadows dry grassland to fixed dune
(at the peak), and then decreases from semi-fixed dune, semi-shifted dune, to shified dune, while 3 contents of soil fine sand, silt, soil
organic carbon, total nitrogen, and electrical conductivity, decrease consistently. Ordination technique of canonical correspondence analysis
(CCA) was used to examine the relationship between the vegetation pattern and soil parameters. Results show that soil organic carbon, total
nitrogen, available nitrogen, available potassium, soil water content> pH and electrical conductivity are main factors of vegetation pattern in
this area. These factors are closely related to the first two canonical axes, accounting for 40% of the species-soil properties relationship, and
soil nutrient is the key factor for determining the distributions of the major vegetation type and pattern. Furthermore, the correlation between
species diversity or ecological dominance of the communities and gradient of soil factors is significant, shows that changes of species diversity
and productivity are affected by soil nutrients, soil water content, pH and electrical conductivity. The regression model of productivity and soil
property reveals that soil nutrient is the key factor to community productivity, accounting for 86.73% of the relationship between productivity-
soil properties.
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Table 1 Richness, diversity and biomass of sandy grassland community
TS i C D H J M LAEYRE/gem? KT %
PR + WUEE Chloris virgata + Leymus secalinus B | 11 0.72 1.75 0.73 474.71+13.78  5.52+1.28
PR + < HE Chloris virgata + Carex duriuscula BT | 12 0.62 1.53 0.62 405.67+90.29  7.02+0.85
KEBL T 5 Cleistogenes squarrosa THi A 13 078 1.81 0.71 227.08+27.75 5.56+1.14
W + MR EE Artemisia scoparia + Setaria viridis T-Hify 14 0.83 2.10 0.80 141.74+8.86 3.52+0.48
VO + R Artemisia scoparia + Phragmites communis THif 15 0.7 1.99 0.73 183.74+10.92  5.25+0.38
I8 5+ V3 Eragrostis pilosa + Artemisia frigida [i] 5 Y I 21 0.88 2.41 0.79  182.40+2.55 3.11+0.23
Vi + Witk Artemisia frigida + Euphorbia humifusa [#] 5 Y I 18 090 2.47 0.8 144.34+7.54 2.88+0.21
VL + MR Artemisia frigida + Setaria viridis [ 5 ¥ 21 0.88 2.53 0.83  172.28%22.22  3.17+0.26
)% 4 % . Digitaria ciliaris + Melissitus ruthenicus [#] 5 ¥ f. 20 0.91 2.63 0.8  150.41+21.14  3.76+0.21
FAEE + HJE 5 Bassia dasyphylla + Eragrostis pilosa [#] 5 > . 18 0.83 223 0.77 191.48+15.65  3.34%0.15
i &+ 2 B Melissitus ruthenicus + Artemisia halodendrom  “FIEEYW R 15 0.85  2.15  0.79  136.98+21.76  3.10+0.30
& Y+ T Melissitus ruthenicus + Digitaria ciliaris FEEWE 17 0.87 235 0.8  205.38+18.14  2.90+0.73
iSSP Ivetis denticulate + Phragmites communis FwsbE 14 0.83  2.03  0.77 133.97+20.06 3.86+0.53
WIS 4 ZE LR Ixetis denticulata + Artemisia halodendrom PRV E 11 0.75 1.77  0.74 59.09+19.17  3.23+0.26
WK Agriophyllum squarrosum wahb 5 0.48 0.97 0.60 30.18+14.69  3.47+0.54
WEFEAE Inula salsoloides wahb 7 0.73 1.46 0.75 66.21 +7.34 3.77+0.45
W 3 Sonchus oleraceus Wb 6 0.62 1.28 0.71 46.20+9.20 3.79+0.38
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Table 2 Soil physical characteristics of sandy grassland(x + 5)
e 17 )
e BHKSBE MEEE LRI ik
i 1y 2 1Y 1% g em”3 fkgom-> 0.50 ~ 0.25~ 0.10~ 0.05 ~ 0.02 ~ <0.002 mm
0.25 mm 0.10 mm 0.05 mm 0.02 mm 0.002 mm ’
i G| 6.27+1.06 1.58+0.08 1.91+0.15 28.87+1.53 48.14+6.87 8.91+£0.21 7.22+3.08 3.18+1.95 2.94+0.3]
THify 4.78+1.10 1.51+0.45 1.70+0.35 16.31+£8.95 28.06+14.51 28.00+9.98 20.46+11.50 3.87+1.97 2.37+0.34
fi] 5 Y0 . 3.25+0.33 1.59+0.01 1.68+0.75 29.99+7.15 54.06+6.11 7.7+2.67 3.99x1.65 1.34+0.61 2.58+0.42
FEEDRE 3.00£0.10 1.59+0.02 1.28+0.85 36.78+0.62 48.73+0.86 6.89+0.15 3.14+0.09 1.89+0.06 2.68x0.15
PP 3.23+0.10  1.62+0.02  1.10£0.90 38.53+1.15 53.44+0.95 3.09+0.10 1.33+0.67 1.44+0.20 2.29+0.07
W I 3.67+0.18 1.64+0.01 0.80+0.43 33.35+5.81 61.66+4.76 0.96+0.42 0.90+0.67 0.53+0.30 1.98+0.04
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Table 3 Soil chemical characteristics of sandy grassland(x + s)
N H EC C N p K AN AP AK

ERUESL b

- (H,0) /pS*em™! lg*kg™! lg*kg™! lg*kg™! lg*kg™! /g*kg™! /g*kg™! g kg ™!
G| 9.07+0.30 126.50+30.20 8.08+2.45 0.55+0.13 0.26+0.06 28.75+1.77 22.10+1.84 9.43+0.57 145.00+7.07
5 A 8.28+0.16 69.33+28.04 6.32+0.81 0.45+0.05 0.39+0.12 29.17+4.76 20.63+4.54 7.00+2.20 86.67+5.77
I 72 Vb . 8.04+0.13 31.80+2.59 3.36+0.31 0.31+0.02 0.19+0.02 25.00+8.47 15.10+1.13 13.84+3.27 110.00+ 14.14
FREVP I 7.91+0.04 29.33+0.58 1.64+0.25 0.21+0.03 0.14+0.01 28.33+1.44 9.14+0.83 8.45+2.08 86.67+0.02
RV R 8.2840.01 28.00£0.02 1.02+0.02 0.15+0.02 0.12+0.02 29.16+1.44 6.23+0.21 8.690+0.55  70.00+0.01
W I 7.96+0.17 19.67+2.89 0.49+0.11 0.13+0.01 0.08+0.01 27.50+0.00 7.70+0.96 8.21+0.61  50.00+0.00
3.3 UPBTEHUREE A0 IR T AT LR R BAEEBFR AT RKR(p <0.0D) . WHEE E
3.3.1 WU HLREVE LI T RO A SC A AP R B A SRR RS R R

M 4 T LLUE H, B HLR S 2R 2T
RO O RS RS B pH LS R K
2R IEAXKRRp <0.01), S RE &AL

AR K R (p <0.01), 5578 5 B35 (1 A K
F(p<0.00). BES/KE AP pH FIHL T35
WL IEAH R R R (p <0.01).
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Table 4  Correlation among soil physico-chemical properties, diversity and productivity of sandy grassland community
14 D H pH EC BD M C N p K AN AP AK Sand Silt  Clay
14 1.00
D 0.01 1.00
H 0.10 0.96" 1.00
pH 0.84" -0.25 -0.20 1.00
EC 0.87° -0.19 -0.14 0.9  1.00
BD -0.27 -0.25 -027 -0.15 -0.30 1.00
M 0.74" -0.37 -0.39 0.90" 0.93" -0.31 1.00
C 0.80 0.10 0.17 0.7 0.84™ -0.61" 0.757 1.00
N 0.68" 0.21 0.28 0.55"  0.66™ -0.72" 0.59" 0.95" 1.00
p 0.21 0.23 0.25 0.15 0.34  -0.89" 0.34 0.69"  0.80" 1.00
K 0.16 -0.25 -0.22 0.32 0.23 -0.09 0.33 0.16 0.11 0.08 1.00
AN 071 0.11 0.21 0.59" 0747 -0.63" 0.67° 0.957 0.9 0.767 0.11 1.00
AP -0.31 0.35 0.40 -0.36 -0.45 022 -0.58" -0.27 -0.19 -0.12 -0.43 -0.20 1.00
AK 0.80" 0.30 0.44 0.56" 0.52" -0.21 0.32 0.66" 0.64" 0.15 -0.14 0.60" 0.14 1.00
Sand  -0.32 -0.07 -0.08 -0.34 -0.55" 0.80" -0.57" -0.73" -0.76™ -0.93" -0.25 -0.78" 0.37 -0.07 1.00
Silt 0.26 0.09 0.09 0.28 0.50" -0.81"" 0.52" 0.697 0.717" 0.93" 0.23 0.73" -0.34 0.03 -0.99" 1.00
Clay 0.60" -0.33 -0.28 0.57"  0.58" 0.24 0.59° 0.28 0.16 -0.25 -0.02 0.25 -0.33 0.32 0.07 -0.15 1.00

DW: s EAEYI R D: Simpson F5%0: H: Shannon-Wiener $84: pH: BRTSL : EC: H3 35 BD: 2 8 SM: HHEK 35 & C: R AT AL N: B

P: RIEATE K DI AN: I A AP: I AEE; AK: TIER

x*+F IR p<0.01
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B, 3 FH L6 234 CCCAD I3 V- AT FE e 3 #7549
F CCA —4EH P CE 1) iz e HE 7 25 R g s
17 BRI A TR 80 B2 b ) o0 ARl A
o, Sk R TR R, 7 kB L AR R R
VIREVE I 0 A 5 % B DR AH OGP IR K0S, i Sk
RAEHE T T R 23R T35 DN 5 HE P A DG PR )
KN i Sk Ak 1) 5 B2 7 438 DXL o5 1k 1 il 2 1)

AU Sand: YR & Sile: BRI & Clay: RS RL B i * RIR p <0.05,

AR I

M5 FE 1 e LUE A ALK AR
ARARA R 1 HE 7 A SRR, 1 C R
BRI - 0.79+ — 0.80~ — 0.74~ — 0.80, 5 1 4%
A b W S R DR T AE L3R A BRI AR Ak
e BV CCA B8 1 A ZE 2047, Bl A A 58 bl A
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Fig.1 CCA analysis between community and soil

factors in sandy grassland
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Table 5 Cumulative percentage variance, eigenvalue, species-soil factors

correlation coefficients for the first four axes of CCA

5 He v 4l

SPX, SPX, SPX, SPX,
pH -0.47  0.77 0.04 0.24
S (EC) -0.56 0.71 0.23 0.22
A E(BD) 045 0.19 -0.34 -0.22
T KRSV -0.34  0.77 0.34 0.27
RO -0.79 0.36 0.40  0.00
2HEND -0.80 0.12 0.46 -0.07
AP -0.50 -0.24 0.62 0.10
A (K -0.02 0.24 0.03 0.17
A CAN) -0.74  0.24 0.50 -0.16
HRWECAP) -0.07 -0.45 -0.36 -0.35
AR CAKD -0.80 0.23 -0.26 -0.23
YR 5 (Sand) 0.43 -0.01 -0.69 -0.25
KL £ CSilt) -0.39 -0.04 0.68 0.29
WKL E B (Clay) -0.13  0.65 0.01 -0.04
FEAEAE 0.64 0.52 0.40 0.29
P 5 IR BT A O R AL 0.98 0.99 .00 0.97
RERETT 71 % 22.0  40.0 54.0 64.0

3.4 VR HEER VIR 2 HEE S SR TR R Y
KA

TV RETR (I Fh 2 FE R 20D R A AR 385
FRECD), & e SRR TR 1 25/ D RE ) 2 A4
A2ETRbR L, O T 3 — D B A M3 s A R VR
AR 71 OC R, ABFIIEEE TR 2 1 5 4
BBSEIX 2 AN Fa b, BFF SRR 0 V0 B bk )
%5 TIER TR I OC R BRI Z AR AR SR
P IR T A G (R 4D, RIA R T
BBV S5 R IEAEIX 2 AN Fabe 2 TR ¥ A 2 2 1 AH
KAk

H 17 MEEE CCA HEFP 1) AX, (X DO HT AX, (X,)
oy %) L I 6T R 2 (1) A ol 22 5642 C D R AR I 34
FECDOMEIA AT a5 R K 6.

6 AEMBTEMNS M D AR E I35

Table 6 Regression analysis between CCA taxis values and

species diversity of plant communities

VS

LR EL Ry — R? p n
By B,

b X, 0.79 -0.05 0.23 0.053 17

X, 0.79 -0.07 0.46 0.003 17

" X, 1.9 -0.22  0.31 0.019 17

X, 1.9 -0.27 0.39 0.008 17
D=0.79-0.05X, -0.07X, R2=0.66 p<0.001 n=17
H=2.02-0.22X, -0.26X, R2=0.63 p<0.001 n=17

YRR RE ) BV (1) CCA HEIF I AX, « AX, 73
S5 Simpson 8% ( D) Shannon-Wiener $8 %0 ( H) £
PEIRTE (00 52 2R BCERARAR HAS 235, 03 v i o
AR T IR o B R 2 ), LA K b 2 RE
5 SR B 2 T S R A DG R RE b, VK 11
ARSI SE RN b 22 RN 23 1) 5 7K 3k B R ks A1
NP A

R, K 6 W W, Vb ot Bt R ) A 1) AR 2 AR
PPE R 2 R H0o) ) 5 R A B B AN K #h
JPRRR S — JCHRbr Z AT W M et R R,
R*53920 0.66 F110.63, R IR RI VD St V% 2
FEPE AR 458557 53 FHK 6 K R 55 Ak 22 R 7 L )
Y 1) Jorh, 7E Simpson A2 AP0 3B H8 o A
TIEFED I DTER RN 41.67 % » 7K 35 B B W FE 1) o1
MR 4 58.33% ; Shannon-Wiener 2 £ PEFRHUR A 1,
TIEFE I DTER N 45.83% , 7K R B B W 1) oT
BREH 54.17% .

3.5 WIREHBEA 1S LIER T OCR

HEG AR &5 PR R 7 A OGP (3R 4), R AR
Y5 WL AR A RCR R K
5% pH AL SR B B I IEAKC SR (p <0.01) .
SEREE AR WS KSR T £ o Rl AR AR
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W = 259.62 — 35.71C + 459.76N — 3.08AN +
2.33AK + 17.70SM - 59.04pH + 2.98EC
(R*=0.94.p <0.001)
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