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Evolution characteristics of the artificially re-vegetated shrub ecosystem of arid

and semi-arid sand dune area
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Abstract: The artificially established rainfed vegetation for stabilizing the shifting sand dunes in Shapotou area since 1956, using
mainly the shrubs of Caragana korshinskii . Hedysarum scoparium and Artemisia ordosica at Shapotou Desert Experimental
Research Station near Lanzhou has established a dwarf-shrub and microbiotic soil crust cover on the stabilized sand dunes. Soil
particle size getting thinner and fertility, the depth of microbiotic soil crust as well as the subsoil, and the volumetric soil
moisture in the shallow soil profiles increased remarkably associated with the process of sand dune stabilization. On the other
hand, the number of microbe, the vegetation cover and the plant species attained a maximum degree when the dunes stabilized
for 40 years. The shrub numbers and the community biomass decreased when the dunes stabilized for 17 years. There is a
significant positive correlation between soil particle fractal dimension and the clay content of the shallow soil profile in the
artificially stabilized sand dunes, the longer the dune being stabilized, the greater the soil clay content in the shallow soil

profiles (0~ 3 cm), the greater the soil particle fractal dimension (D = 2.4083). It reflects the fact that during the re-
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vegetation processes, the soil structure is strengthening and tightening in the shallow soil profiles. Hence, the shifting sand
dune (D= 2.0484) getting more stabilized. Therefore, the fractal model could be used to describe the texture and fertility
states, and the stability degree of the formerly shifting sand dune, and it could be used as an integrated quantitative index to
evaluate the re-vegetation practice in the sand dune areas and its stabilization.

Key words :steppe desert; desert vegetation; fractal dimension; soil properties
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Table 1 Characteristics of eco-environmental changes in the stabilized sand dune areas since revegetation in different years

0~15cm
() . ) ) ) Soil microbes total
( ) Total Plant Community Soil crust Volumetric (10%individual /g)
YAR® (year vegetation o biomass and subsoil soil moisture
revegetated) cover (%) species (g/100m?) thickness® (%) at 0~15
(cm) cm depth Bacteria Actinomyce Fungi
48(1956) 31.4+0.52 114 14608.4+776. 3 5.01+1.91 3.26+0.21 32200. 82 48.33 4. 34
40(1964) 33.440.61 10° 15238.9+668. 8 4.4142.19 3.1740.50 63752. 76 35. 89 6.23
23(1981) 31.540. 34 10 35992.64+863.5 3.924+2.16 2.51+0.11 20213.79 44.09 5.22
17(1987) 28.0+0. 87 14# 39268.24927. 1 2.08+2.05 2.08+0.19 19119. 38 29. 82 1.71
0( b) <1.0 5h 0.0 0.0 2.03+0.04 15698. 12 1.57 0.11
a: YAR, years after revegetation;b: shifting sand dune;c: 1956 n=18; 1964 n=>58; 1981 n=
373 1987 n=29;d: N N N N N N N N N N Artemesia ordosica s

Hedysarum scoparium, Caragana korshinskii s Bassia dasyphylla, Eragrostis poaeoides, Setaria ruthenica viridis, Chloris virgata, Salsola

ruthenica, Aristida adscensionis, Scorzonera divaricata, Echinops gmelinii ;e :

N N N N N N N N
\ A. ordosicas H. scoparium, C. korshinskii, B. dasyphylla, E. poaeoides, S. ruthenica viridis, C. wvirgata, S. ruthenica,
Scorzonera divaricata. E. gmelinii;f. . . . . . . N . . A. ordosicas H. scoparium, C.

korshinskii » Elaeagnus rhamnoides, Salix gordejevii, B. dasyphylla, E. poaeoides, S. ruthenica, Corispermum patelliforme. Agriophyllum
squarrosum;g: N N N N N N N N N N N N N A. ordosica,
H. scoparium, C. korshinskii, Atraphaxis bracteata, Ammopiptantus mongolicus, Caryopteris mongolica, Haloxylon Ammodendron, Tamarix

N

chinensis, Asterothamnus centrali-asisticus, B. dasyphylla, E. poaeoides, Stilpnolepis centiflora, C. patelliforme, A. squarrosum; h:

N N N H. scoparium, A. squarrosum, Pugionium calcaratum, Corispermum declinatum, S. centiflora
, . 1956,1964 ( (Populus
pseudo-simonii) . Wihnus pumila) IR ( . (Artemisia sphaerocephala) . . . )
18 . 3, . . o 1 ,
. 14608. 4g/100m*,15238. 9g/100m*, 1981 .
1987 . 35992.6g/100m?, , 0~15cm 2.03% 3.26%,
60. 6% o . ) . ) . .
1 . ) ( ) ( . )
2.2
s C 2 o s .
s . 172 ,0~3cm 14.77%,2. 04 %,
134 11 . 48a(1956 ) , 37.98%,4.50% .
345 25 0~3cm (0. 05~0. 002mm) . 40a ,
65% , . , 1. 53g/cm?( )
1. 39g/cm®*(1956 ), o
2 . . . N
. 17,23,40,48a  ,0~3cm 0.10,0.16,0.11,0.17g/kg.,
4 (1956,1964,1981.,1987 ) . 0.13g/kg. 0~3cm
N 0.21,0.22,0.18,0. 20mg/kg. s 4 (1956,1964.,1981,1987 )
s N 0. 20mg/kg.
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2 (0~3cm, 3~5cm)
Table 2 Average values and standard error of soil characteristics (0~ 3cm, 3~ 5cm depth of soil profile) in the stabilized sand dune areas

revegetated in different years

(a) Soil particle N
( ) Soil size (mm) distribution( %) . Electric Soil organic Total
YAR?(year profiles Sand Silt Clay Bulk den:lty pH conductivity matter Nitrogen
revegetated)  (cm) (1~0.05)  (0.05~0.002) (<<0.002) (g/cm?) (ms/cm) (g/kg) (mg/kg)
48(1956) 0~3 57.53+1.26 37.9841.11 4.50+0.21 1.3940.13 8.03+0.73 0.1540.01 8.8941.33 10.1942.71
3~5 76.40+1.19 21.2641.31 2.34+0.16 — 8.1240.10 0.06=40.01 2.59+1.10
40(1964) 0~3 64.30£1.03 31.5041. 24 4.204£0.27 1.4440.20 8.02+0.06 0.1540.02 5.39+1.02 7.37£1.79
3~5 88.5941.17 9.8640.71 1.54+0.11 8.17+0.11 0.06+0.01 2.33+1.03
23(1981) 0~3 67.3141.43 29.16+1.11 3.52+0.60 1.3940.16 7.81+0.13 0.1240.02 4.46+0.96 5.3742.31
3~5 76.7941.10 20.5741.30 2.64+0.33 — 8.04+0.06 0.06+0.02 1.4640. 95
17(1987) 0~3 83.194+1.21 14.77+0.14 2.0440.09 1.47+0.11 7.6040.41 0.1440.03 2.4840.22 3.82+1.02
3~5 94.65+1.43 4.40+£0.54 0.954+0.02 — 8.1440.12 0.06+0.01 0.8140.03
0( by 0~3 99.7141.12 0.1140.01 0.1840.00 1.53+0.17 7.4940.13 0.14=£0.05 0.8640.09 0.31+0.04
3~5 99.72+1.91 0.11£0.01 0.17+0.01 — 7.8040.10 0.01 0.04-+0.01
a: YAR, years after revegetation;b: shifting sand dune;n=10, mean—+se
(0~3cm) pH s . N
(0~3cm) .
2.3
o)) 3. 0. 6404
~0.9907 s (p<<0.05) (p<<0.01), 1 s
»0~3cm o 40a »0~3cm 2.40,
3~5cm s 1964 (0.1452), 1981 (0.0344),
4 s 0.0904, s
s s 1964 o
3 (0~3cm, 3~5cm)
Table 3 Soil particle composition and fractal dimension of soil particle in the stabilized sand dune areas
(a) Soil particle size (mm) distribution( %)
¢ ) Soil s = actal Correlation
YARa (year  profiles  0-5  0:25 0.1 0.05 002 0.0l 0005 0.002 d:;;;:m Corelation
revegetated) (cm) ~0.25 ~0.1 ~0.05 ~0.02 ~0.01 ~0.005 ~0.002 ~0.001 . :
48(1956) 0~3 5.07 27.90 24.55 23.12 6. 88 4.26 3.71 1. 56 2.93 2.4083 0.9817
3~5 12.19 46. 36 17. 85 12.29 4.13 2.70 2. 14 0. 81 1.53 2. 3155 0. 9907
40(1964) 0~3 7.27 36. 05 20. 98 18. 28 6.01 3.75 3.45 1. 46 2.75 2.4059 0. 9887
3~35 17. 45 59.77 11. 37 5. 79 1. 89 1. 10 1.08 0.57 0. 97 2. 2607 0. 9666
23(1981) 0~3 3.93 36. 39 26.99 18.82 4.72 2.82 2. 81 1. 30 2.23 2. 3634 0. 9830
3~5 7.92 46. 46 22. 41 12.47 3. 63 2.29 2.17 0.91 1.73 2. 3290 0. 9853
17(1987) 0~3 13.70 55.19 14. 30 7. 80 3.19 2.05 1.74 0.70 1. 34 2. 3046 0. 9846
3~5 21.42 67.50 5. 74 2.76 0. 68 0. 39 0.57 0. 26 0. 69 2.2154 0.9035
0( ) 0~3 23.70 75.65 0. 36 0.07 0.02 0.01 0.01 0.01 0.17 2. 0484 0.6410
3~35 19. 84 79.54 0.33 0.07 0.02 0.01 0.01 0.01 0.16 2.0369 0. 6404
a: YAR, years after revegetation;b: shifting sand dune
2.04~2.05 s . o
s s

o s s s s 2. 0484 2. 4083,
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C 2 C b,
2.2217  2.3230 , (b) (D=2.3230),
(a,c) . 1987 C 3 >

Fig. 2 The surface cover types of the artificially stabilized sand dune

a under shrubby canopy without microbiotic soil crusts present

b under shrubby canopy with microbiotic soil crusts present

c fixed sand dunes with neither vegetation nor microbiotic soil crust present
4 (1989 ) (0~3cm, 3~5cm)

Table 4 Fractal dimension of soil particle in the re-vegetation sand dunes (stabilized in 1989) of different ground surface cover

Soil particle size (mm) distribution(%;)

. Soil .
Ground profiles 05 0:25 0.1 0.05 0.0z 0.0L 0.005 0.00z _ Fractal Correlation
surface cover (em) ~0.25 ~0.1 ~0.05 ~0.02 ~0.01 ~0.005 —0.002 ~0.001 : dimension coefficients
a 0~3  13.27 6847 836  4.81  1.77  1.11  0.85  0.37  0.98 2.2539 0. 9500
3~5 13.20 68. 00 8. 48 4.99 1.62 1.12 1.10 0.46 1.03 2.2700 0.9527
b 0~3  13.72 54.76 13.08 8.60  3.23  2.29  2.06  0.80  1.46 2.3230 0. 9871
3~5 20. 16 70.59 4.28 2.09 0.77 0.59 0. 57 0. 25 0.70 2.2277 0. 8958
c 0~3 17.77 71.17 4.59 2. 64 1.27 0. 85 0.68 0. 26 0.76 2.2329 0.9213
3~5 16.77 72.11 5.41 2.33 1.07 0.71 0. 62 0. 26 0.72 2.2217 0.9144
asb,c 2 See fig. 2
3
9 b
b o
o s s 18 «(
) s . 3« . Do ,
s 4 9 o
s ( 28%~33.4% )
b 9 b
b 9 b (
N ND B
s s 1956.1964.1981.1987
o 9 b
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