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Abstract : Artificial plantations were set up by irrigating saline groundwater (salt content is 4~5g/L ) in
central Taklimakan desert of extremely arid area. Four years later, it changed the ecology environment
and landscape of desert., at the same time., soil properties of artificial vegetation have been changed
greatly.

Obviously, soil has begun formation processes during the foundation of artificial vegetation, we
analysed all changes of soil properties. First, compared with drifting sand dune, the soil profile of
vegetation has been changed some: (1) more organic matters accumulate in topsoil; (2) the color of
topsoil is more darker because of the influence of root, irrigation and organic fertilizer; (3) more roots
throughout the soil profile.

By analyzing the soil particle component of typical plots, the results showed that the soil texture did
not change greatly because the time of vegetation building was too short, fine sand (0. 25~0. 05mm) was
still dominant in soil. Different from the drifting sand dune, the content of clay (<0. 00lmm) and physical

clay (<C0.01lmm) of vegetation soil was more than that of motive sand. Clay is significant important to
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improve the soil fertility. Compared with drifting sand dune, the soil bulk density, porosity and saturated
water content all were changed, it means that sand dune developed forward to the good structure soil after
the vegetation has been set up.

Saline water irrigating can settle the problem of fresh water pinch in desert. But the saline water can
bring the physiological drought to plant root, which affect the plant growth and even cause the plant to
die, so the change of salt content in the soil profile is essential to plant and land sustainable development.
In central Taklimakan desert, after the artificial vegetation was set up by irrigating the saline water (salt
content is 4~5 g/L.), the eolian soil salt content in the profile of 50cm has not increased (except topsoil of
some plots. such as irrigation experiment field), by contrary. the irrigation water played a salt eluviation
part. This is mainly because of the facile transportation of water and air in the sand. Salt accumulated
below the depth of 100cm in the profile commonly. Otherwise the change of soil pH is different, the
vegetation soil pH is higher than that in drifting sand dune. The change of salt content in soil is important
to set up artificial vegetation using saline water in arid areas and to rebuild the degenerative ecosystem.

After the artificial vegetation was set up, the most obvious character of sand is the increasing of soil
fertility which indicate the sand begun the process of soil evolution. This paper analyzed the dynamic
change of soil fertility after the artificial vegetation was set up from plant nutrient content, amount of
microorganisms and soil enzyme activities. By analyzing the content of nutrients, the author found that
there were more organic matter, total N, available N, available P than in parent material, but the content
of available K was lower than that in parent material. As a whole, after the artificial vegetation was set
up . the content of nutrient increased and the fertility advanced, this is coherent with the analysis results of
soil microorganism and soil enzyme activities. After the artificial vegetation was set up, the water and
organic matter content increased. So the results showed that soil microorganisms - bacteria, fungi,
actinomyces are more abundant than those of original soil obviously, the longer the artificial vegetation
was set up. the more the microorganisms were. But in the plots which were planted in the same time, the
amount of microorganisms were variable because the vegetation. the change of soil physical-chemical
properties, the density and type of plant, the growth of plant and the manage measures were different. On
the other hand, bacteria were predominant in soil, actinomyces were the second, and fungi the least. The
microorganisms in the topsoil were much more than those in subsoil. The biology process is very faint in
drifting sand dune so the enzymes excreted by the biology are very few. With the plant began to habitat in
the drifting sand dune. the soil enzyme activities were increased mostly. The enzyme activities in the same
age and different plant types were different, it was coherent with the change of soil nutrient and
microorganisms. Enzymes in topsoil are more active than that in subsoil.

With the system and multivariate statistical method, the author evaluated the soil fertility during the
soil forming in the extremely arid region—— Taklimakan desert., it could reflect the change of soil fertility
and the coupling relationship between the vegetation and soil. Using SPSS analysis software we calculated
membership function value, component capacity and weights of soil fertility factors by PCA, then
calculated the IFI (integrated fertility index) values of all plots. The result shows that soil fertility
advanced with the artificial vegetation building. Setting up artificial vegetation in the drifting sand dune,
plant has accelerated the biology cycle and accumulation. Affected by all kinds of manage measure and
plantations, the soil physico-chemical properties improved, biological activities increased and soil fertility
advanced distinctly.

Different plots have the different changes in soil fertility. The IFI values indicate that the soil fertility

advanced with the time of artificial vegetation extended, and the IFI values were different in different plots
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because of effect of the different vegetation and manage measure, such as the IFI value of one-year seed

plot was 0. 376. Because of more fertilizer and irrigating water, the IFI values of flower field and

grassland were 0. 689 and 0. 729, and the same as the vegetable field, its TFI value was higher than seed

plot and afforestation field which were planted in the same year of 1995. This result shows the soil fertility

is influenced greatly by vegetation type and management measures, especially the amount of fertilization.

Among all plots, three plots with the highest soil fertility were flower field, grassland and vegetable field,

the IFI values were 0. 689, 0.729 and 0. 773 respectively.

Key words: artificial vegetation; drifting sand; soil-forming evolution;
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Table 1 The condition of sample plots
No. Plot Time of seedling Plant species Management condition

1< )

1 Top of drifting sand

(Zhongsandian)

2( )

2 Bottom of drifting sand
(Lianhezhan)

1998

R helterforest of
3 Shelterforest o Spring 1998

Lianhezhan
k

. 1292 e exveriment 1998
rrigation experimen .
e ! Spring 1998
field
la

1997

5 Seed pl f

v Deed ploto Spring 1997
one-year in
Zhongsandian nursery

6 Flower field 1997
in Zhongsandian Spring 1997
nursery

1997

7 Grassland of Autumn
Lianhezhan 1997
Sanjiao afforestation 1995
field in Spring 1995
Zhongsandian

Tamarix ramosissima
Haloxylon ammodendron

Calligonum mongolicum

Tamarix ramosissima
Haloxylon ammodendron
Calligonum mongolicum

Tamarix ramosissima
Haloxylon ammodendron
Calligonum mongolicum

Portulaca grandiflora
Kochia scoparia

Secale cereale
Poa annua
Festuca ovina wvar.
brachyphylla

Tamarix ramosissima
Haloxylon ammodendron
Calligonum mongolicum

; 1

H
No fertilizer; ditch irrigation at frequency
of twice a month

N 3
Taking three irrigation methods: ditch
irrigation, sprinkle irrigation and plot

irrigation

1997 ,
N ,1998 o (4~9
) 2
Fertilizing sheep manure as basal manure,
furrow dressing (ammonium phosphate and
urea) during growth period; no fertilizing
in 1998. Plot irrigation at frequency of
twice a month during growth period

1997 s N
,1998 °
(4~9 ) 4

Fertilizing sheep manure as basal manure.

dressing ammonium phosphate and urea

during growth period; fertilizing sheep
manure and a bit of urea in 1998. Plot
irrigation at frequency of 4 times per month
during growth period (from April to

September)

(75 000 kg/ hm?) . (750
kg/ hm?) 3

1 3~14

52.5 kg/hm?, Fertilizing organic manure
(75 000 kg/hm?) and compound phosphate
(750kg/hm? ) as basal manure; plot
irrigation at frequency of once a day,
dressing nitrogen after 3 ~ 4 times
irrigation
,1998 5
, 1995 ;1996 ~ 1997
s 4~9
1 Fertilizing sheep manure as basal
manure, dressing urea every strain in
1998; irrigating underground saline water
in 1995 and living sewage from 1996 to
1997, irrigating at frequency of once a
month during growth period (from April to
September)
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1
No. Plot Time of seedling Plant species Management condition
3a - . .
Seed plot of 1995 Tamarix ramosissima .
ee ¢ S
9 P . L. Haloxylon ammodendron — Fertilizing sheep manure only as basal
three-year in Spring 1995 L . L
. Calligonum mongolicum manure, plot irrigation.
Zhongsandian nursery
3a 2~3d 1
10 Vegetable field of 1995 Fertilizing sheep manure as basal manure
three-year in Spring 1995 All kinds of vegetables and ammonium phosphate, urea;
Zhongsandian nursery irrigation at frequency of 1 time per 2~ 3
days
2 (1998-06)

Table 2 Analysis of soil particle component

( .mm) Content of all class particles (%)
Plot  Depth
No. (cm)  Coarse sand  Fine sand Coarse silt Fine silt Coarse clay Clay Physical clay
1~0.25 0.25~0.05 0.05~0.01 0.01~0.005 0.005~0.001 <0.001 <0.01
2 0~10 23. 46 71.62 1.94 0.07 0. 39 2.52 2.98
10~50 7.80 87.57 1. 86 0.16 0.13 2.48 2.77
3 0~10 11.49 81.03 4.69 0.10 0.03 2. 66 2.79
10~50 26. 36 67.76 2. 88 0.33 0.13 2.54 3. 00
3 0~10 1.10 92. 64 2.78 0.22 0. 40 2. 86 3.48
10~50 0.79 93. 60 2.93 0.18 0. 06 2.44 2.68
7 0~10 17.07 71.85 6. 37 1. 90 0. 20 2.61 4.71
10~50 30. 24 62.67 3.63 0. 46 0. 89 2. 11 3. 46
9 0~10 0. 00 90. 76 5.51 0.49 0.16 3. 08 3.73
10~50 0. 00 95. 00 1.56 0.68 082 1 2.55 3. 44
2.1.2 " 2) s
s (0. 25~0. 05mm) ,
(<0. 001mm) (<<0. 0lmm) . s
b b 9 9’
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2.1.3 =
=
0.0 270 %
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g d250
’ ’ =~ 400
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2.1. 4 pH Fig. 1 The change of topsoil saturated water content

and total porosity
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3 (1998-06)
Table 3 Analysis of soil fertility
Plot No. Depth Organic Total N Available N Available P Available K Suc,résc Pm,tc,asc
matter activity activity
(em) (g/kg)  (g/kg)  (mg/kg)  (mg/kg)  (mg/kg) (e 2“1)/ (‘;g 24}1)/
1 0~10 1.11 0.19 42.04 0.0 177.9 70. 20 0. 00
10~50 0.97 0.18 21.77 0.0 184.0 66. 05 0. 00
2 0~10 1.04 0.19 32.49 0.0 148.9 70. 20 0. 00
10~50 0.98 0.18 22.17 0.0 174.9 66. 05 0. 00
3 0~10 1.19 0.28 20. 92 0.0 136.0 82. 64 1. 64
10~50 0. 99 0.27 30. 20 0.0 187.9 71.03 0. 00
4 0~10 1.35 0.27 22.98 26. 4 124.9 72. 69 2.26
10~50 0. 99 0.27 16. 90 0.0 111.0 69. 37 1.33
5 0~10 1.36 0. 36 38. 24 5.0 118.5 75.17 1.95
10~50 1.33 0.38 22. 36 8.4 123.9 72. 69 1.33
6 0~10 3.96 0. 37 35. 31 16. 8 118.0 85. 96 10. 31
10~50 1.89 0.28 22.19 10. 2 97.0 70. 20 4.15
7 0~10 2.57 0.37 39.92 36.8 81.0 167. 24 3.81
10~50 1.56 0.28 23.49 8.8 71.1 70. 20 2.26
8 0~10 1.87 0.46 36.07 17.6 124.5 82. 64 1.12
10~50 1.08 0. 38 26. 00 0.0 104. 8 69. 37 1. 95
9 0~10 1.70 0.56 35. 36 7.4 115. 8 82. 64 1.12
10~50 1.07 0.28 21.76 6.0 105. 9 67.71 2.57
10 0~10 4. 37 0.45 50. 86 19.0 131.5 90. 93 10. 93
10~50 2.97 0. 37 27.75 74.2 135.0 82. 64 4.74
H,0,
Plot No. Pzrc(::;jtayse if\iﬁf ph(l)i:)l}lltcrraelase phi\sl:){}?ilzease Bactezia Actinomyces Fungi
(0. INKMnO,  (pgNH;3-N/ (pg  / (pg/
L/g -24h) g -24h) g -2ah) g e24b) O /% « /e /e
1 0.50 0. 00 0. 00 0. 00 2.62X10"  1.85X102 31.7
0.45 0. 00 0. 00 0. 00 7.87X10°  3.13X10%  3.13X10?
2 0.45 0.13 0. 00 0. 00 4.47X10%  4.02X10? 1.01X10?
0. 40 0. 00 0. 00 0. 00 4.52X107  1.01X10%  3.02X102
3 1.50 0.15 1.24 0. 44 2.04X10°  6.82X10%  2.54X10?
1.75 0. 00 0. 008 0.026 4.22X10°  1.17X10°  4.69X10°
4 0.50 0. 00 0.53 0. 66 1.28X10%  7.09X102  2.96X107
0.35 0. 00 0.09 0. 055 3.66X10°  1.30X10%  8.02X103
5 0. 60 0.29 1.26 1. 60 9.80X10°  2.91X10°  1.04X10°
0.55 0. 00 0. 65 0. 86 2.75X10°  4.52X10'  1.05X10
6 1.15 2.55 5.51 4.52 2.44X107  3.53X10°  1.87X10°
0.45 0.49 0.59 0. 86 3.41X105  1.31X10*  7.76X10!
7 1.15 1.45 4.32 4.37 1.17X107  1.24X10°  5.11X10°
0. 80 0. 00 0.56 0.56 1.29X 108 1.99X10° 1.09X10°
8 0.95 0.45 3.24 2.43 1.38X107  3.04X10°  2.53X10°
0. 40 0. 00 0.24 0.26 4.84X10°  1.87X10*  1.37X10°
9 0.75 0. 60 2.25 2.49 2.86X107  3.54X10°  2.71X10°
0.45 0. 00 0.29 0.28 2.40X10°  1.87X10'  1.25X10°
10 1.05 2.48 4.47 3.36 3.28X107  1.05X10%  4.34X10°
0. 70 0.26 2. 64 1.83 8.90X10°  1.60X10*  3.63x10
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Table 4 Membership function value of soil fertility of the different plots
1 2 3 4 5 6 7 8 9 10
Fertility factors Plot Plot Plot Plot Plot Plot Plot Plot Plot Plot
eriity factors No.1 No.2 No.3 No.4 No.5 No.6 No.7 No.8 No.9 No.l0
Bulk density X 0.03 0 0.52 0.58 0.79 0.76 1 0. 85 0.82 0. 88
. 0 0.21 0.67 0.67 0.74 0. 89 1 0.75 0. 74 0.93
Saturated water content X,
Total porosity X3 0 0 0.23 0.23 0.55 0.62 1 0.39 0.41 0. 42
pH  pH value X, 0.91 0.82 1 0.27 0.91 0 0.73 0.82 0 0.09
Total salt content X5 0 0.63 0.10 0.88 0.95 0.96 1 0.80  0.99 0.75
Organic matter X; 0.02 0 0.05 0.09 0.10 0. 88 0.46 0.25 0. 20 1
Total N X; 0 0 0. 25 0. 24 0.47 0.50 0.49 0.74 1 0.72
Available N X 0.71 0.39 0 0.07 0.58  0.48 0.63 0.51 0.48 1
Available P X, 0 0 0 0.54 0.10 0. 96 0.75 0.36 0.15 1
Available K X 1 0.70 0.57 0. 45 0. 39 0. 38 0 0. 45 0.36 0.52
L. 0 0 0.13 0.03 0. 05 0.16 1 0.13 0.13 0.21
Sucrase activity X
.. 0 0 0.15 0.21 0.18 0. 94 0.35 0.38 0.38 1
Protease activity X,
.. 0 0.05 0.06 0 0.11 1 0.57 0.24 0. 24 0.97
Urease activity X3
H,0, -
X L. 0.05 0 1 0. 05 0.14 0.67 0.67 0.29 0. 29 0.57
peroxidase activity X4
0 0 0.23 0.10 0.23 1 0.78 0.41 0.41 0. 81
Neutral phosphcrease X5
0 0 0.10 0.15 0. 35 1 0.97 0.55 0.55 0.74
Alkaline phosphcrease X4 ’ ’ ’ ’
Bacteria X7 0 0 0. 06 0. 04 0. 30 0.74 0.36 0.87 0. 87 1
Actinomyces X g 0 0 0 0 0.23 0.28 1 0.28 0.28 0. 85
Fungi X9 0 0 0 0 0.20  0.37 1 0.53 0.53 0. 85
SPSS 5 (69.6%)
b Y N Y b
o b b
b S) o 5 b

2.2.2
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(integrated fertility index,IFI),

IFI = W, X F(XD)
Wi s (X)) , 6,
5

Table 5 Values of component capacity and weights of the soil fertility factors

X] XZ X3 X\ XS XG X7 X8 X9 Xl() Xll XIZ X13 Xll XIS XIG X]T X18 XIO

Facter

C i 0.169 0.172 0.163 0. 116 0.131 0.167 0.143 0.093 0. 165 0.146 0.120 0.165 0.168 0.102 0.184 0. 188 0.161 0.166 0.173
apacity

Weicht 0.058 0.059 0.056 0.040 0.045 0.058 0.049 0.032 0.057 0.050 0. 042 0.057 0.058 0.035 0. 064 0.065 0.056 0.057 0.060
eig

6 UFD
Table 6 Values of IFI of different plots soil fertility
Plot No 1 2 3 4 5 6 7 8 9 10

I1F1 IF1 values 0.114  0.124  0.247  0.241 0.376  0.689 0.729  0.487  0.470 0.773

2.2.3 C 6 s
o ’ ’ 9
N IFI1 s 3a
s s s s IF1 s 2a
0.376, s JFT 0. 689 0.729,
s 4a (0.773) .
N JFT 0.689.,0.729.0.773,
3
QD) s s
(2 (0~10cm) (10~50cm) . N
(3 4~5g/L s ,0~50cm
s (7]
(4) b b b o
(5) ’ b b b
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