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Study on the suitability of typical sand—fixing vegetation
distribution in the agro—pastoral ecotone of Northern China
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Abstract To investigate the distribution suitability of sand-fixing plants and their soil moisture vegetation carrying
capacity in the agro-pastoral ecotone of Northern China, three tree species (Pinus sylvestris var. mongholica,
Elaeagnus angustifolia L. , and Salix matsudana Koidz. ) and three shrub species (Haloxylon ammodendron
(C. A. Mey.) Bunge, Hippophae rhamnoides L. , and Caragana korshinskii Kom. ) were selected as the research
subjects. A total of 28 environmental factors and the Maximum Entropy model (MaxEnt) were combined to
evaluate the spatial distribution suitability of the above-mentioned sand-fixing plants. This study focused primarily

on water limitation conditions, and the carrying capacity model was used to quantify the carrying threshold of
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each plant species in the suitable area. The results show that the spatial variation of sand-fixing plant suitable
areas is significant. Among them: The suitable ranges of Hippophae rhamnoides L. , Salix matsudana Koidz.
and Caragana korshinskii Kom. are the widest, accounting for more than 50%, and the three plants are found
in the eastern, central, and western regions of the area; Pinus sylvestris var. mongholica and Elaeagnus
angustifolia L. have a relatively smaller suitable distribution range, are mainly found in the western and central
parts of the study area; In contrast, Haloxylon ammodendron (C. A. Mey. ) Bunge has a suitable distribution
range that covers only a quarter of the regional area, mainly distributed in the western part of the region.
According to the soil moisture vegetation carrying capacity model, the vegetation carrying capacity per km? of
sand-fixing plants in the study area is as follows: Pinus sylvestris var. mongholica 56 600-181 900, Salix
matsudana Koidz. 72 000-192 600, Elaeagnus angustifolia L. 192 100-486 000, Haloxylon ammodendron (C.
A. Mey.) Bunge 105 000-387 500, Hippophae rhamnoides L. 274 900-628 700 and Caragana korshinskii Kom.

118 500-377 300 trees per km?. In conclusion, this study provided a theoretical basis for ecological restoration

2026 4F 55 31 %

and sustainable land management in the agro-pastoral ecotone.
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Fig. 1 General situation of the study area and distribution of the standard weather stations
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Table 1 The environmental variables data used in this study for the MaxEnt model

AN = IS A Rz
Environmental variable Code Environmental variable Code
AR, C Biol WKk ZE T E A, mm Biol5
Annual average temperature Seasonal variation in precipitation
AR B R %, C Bio2 BT EFEK R, mm Biol6
Average diurnal temperature range Precipitation of the driest quarter
AR, C . B 2 B K B, mm .
. Bio3 o Biol7
Isothermality Precipitation of the wettest quarter
AR EALS R, C Biod B W 2 B K i, mm Biols
Coefficient of seasonal temperature variation Precipitation of the warmest quarter
B#HA G EEIRE,C BioS Ve Z B FEK 4, mm Biolo
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e 19 1 A d AR R, °C . [ .
Ei‘ M AR BAERE Bio6 " ;FI m Altitude
Minimum temperature of the coldest month Altitude
MR E,C . W, (D
Bio7 Slope
Annual temperature range Slope
B 7 O Ml L °C . e, )
Bio8 Aspect
Average temperature of the wettest quarter Aspect
T ZEETFHRE,C Biog 4%, mg/kg N
Average temperature of the driest quarter Total Nitrogen :
R ZEE R E,C Biolo 2, mg/kg P
Average temperature of the warmest quarter Total Phosphorus
V% B R E L C Bioll 2 #, mg/kg TK
Average temperature of the coldest quarter Total Potassium
SR K, C , )
o HEK R . Biol2 TR i pH
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EI,‘\I—[ \ ¢ ] g, ) 18 /:MA’O )
Hiﬂk'ﬂ. fﬁj.lviﬁ Kt , mm Biol3 i.;i%?u‘)?.&h % POR
Precipitation of the wettest month Soil porosity
BT A Gy FEK i, mm . TR, % .
Biol4 CL

Precipitation of the driest month

Soil clay content
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Table 2 The environmental variables of different sand-fixing vegetation types used in the MaxEnt model.
B2 A IS
Vegetation type Environmental variable
1o A Bio2,Bio4,Biol2, Biol3, Biol4, Altitude , Aspect,
Pinus sylvestris var. mongholica TN, CL,POR
LN Biol, Bio7, Biol0, Biol2, Biol3, Biol5, Bio19,
Salix matsudana Koidz. Altitude , Aspect, TK, TN
7 Biol, Bio2, Bio3, Bio7,Biol2, Biol4, Altitude ,
Elaeagnus angustifolia L. Aspect, TN, TK,pH,CL
B Biol, Bio8,Biol2,Biol3, Biol5, Altitude , TN, CL ,
Haloxylon ammodendron (C. A. Mey. ) Bunge POR
b g Biol, Bio2, Bioll, Biol2, Biol3, Altitude, Slope ,
Hippophae rhamnoides 1.. Aspect,pH,POR,CL
7 2 0 X8 L Bio4, Biol0, Bioll, Biol3, Biol9, Altitude , Aspect
Caragana korshinskii Kom. TK,TN,pH,CL
%3 EHEBEENRHRRKE
Table 3 Crop coefficients and water consumption rates of different vegetation types
Bl WK AR R Ry PR AE B A A T et 7 5 R R A K 4y
i 2 Al T2 E /m /N R Cr;\ 1M A& kg
Vegetation type Soil depth of vegetation Minimum area required i p ; Water consumption
. coefficien o
water-absorbing root systems per plant for growth per individual tree
Sr \[37]
1:%?1% ) ) 0.55 3.0X3.0=9.0 1.06 386~1 226
Pinus sylvestris var. mongholica
o 0. 60 4.0X4.0=16.0 0.90 749~2 378
Saliz matsudana Koidz. ’ ’ ’ ’ ’ )
i 0.70 1.5X2.0=3.0 0.70 163~520
Elaeagnus angustifolia 1.. ’ o T ’ -
1:&1;3'—2[38]
Haloxylon ammodendron (C. 0.60 1.5X2.0=3.0 0.34 141~456
A. Mey. ) Bunge
Wl i [ 38
{/_jﬁ ) 0.45 1.5X2.0=3.0 0.67 133~336
Hippophae rhamnoides 1..
> f& b& [37]
Fr &L 0.90 1.5X2.0=3.0 0.47 211~669

Caragana korshinskii Kom.
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Table 4 The contribution rate and AUC value of the main environmental variables of sand-fixing vegetation

HH A 2 T I T DUk A/ % AUC &
Vegetation type Environmental variable Contribution rate  Area under the curve
o e LT EY 27.9
A . R e K it 20.3 0.952
Pinus sylvestris var. mongholica
i i 17.4
g T % 1 i 5 24.7
!/ [N -
bl i 22.3 0.835
Salix matsudana Koidz. =R {]? Fek it 7
AR 11.8
A S i 30.3
e N
. g 16.5 0.834
Elaeagnus angustifolia 1.
TR i S 14.1
- e i F B K 23.6
pa e .
EiF 21.9 0. 889
Haloxylon ammodendron (C. A. Mey. ) Bunge Gk
A K it 12.6
y R A 0y B K i 23.7
b gy
L<II , = 2 19.8 0. 950
Hippophae rhamnoides 1..
P 15.3
" i 32.4
7% b XY N
FamalL B3 10 B K it 19.9 0. 869
Caragana korshinskii Kom.
TR B9 2 18.0
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(a) Pinus sylvestris var. mongholica (b) Salix matsudana Koidz.

(c) Y& (d) R
(c) Elaeagnus angustifolia L. (d) Haloxylon ammodendron (C. A. Mey.) Bunge
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(e) Hippophae rhamnoides L. (f) Caragana korshinskii Kom.
[ MEERX ] RIS F X TS E X IR EHLX
Unsuitable areas Marginally suitable areas Moderately suitable areas Highly suitable areas

2 HELFRUZETOHEDEREERISTER
Fig. 2 Division results of suitable growing areas for six fixed sand vegetation species in the agro-pastoral ecotone

of Northern China
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Fig. 3 Soil water-carrying capacity for typical sand-fixing plants in the agro-pastoral ecotone of Northern China
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