1 ‘
S s o T TR
n %JE_I jg/r_fir‘ll_% XL

len d Technology

4




™

n g I

[E):

T

4

>

——-

i

v&d
O

[Pl PE 74 H R AL I £R 1A
[P V4 B 2 B H AL

i



BB % B (CIP) 81

T TR ARIESUE / HFRESFE. — % PR
FHEHOR it ,2016.9

ISBN

978 -7 -5369 -6819 -6

[.O+ 1.0k . OtuFAH-PE-CE
V. DF321.1 -53

Hh [ AR [T 36 CIP %8l %5 (2016 ) 5 229888 5

I TREERIEXE

H AR E

m
=

A

SERRE

Jjo

& F 43

=

BRPGHTE DML IEAR AT BRVERLZHOR H Rttt
PELAL R 131 5 [k 710003

HE 15 (029)87211894 £ H.(029)87218236

http : //www. snstp. com

BRPGHTE L LR AT BV HOR bttt
FEL1% (029 )87212206 87260001

eV K Bl A BR 2 ]

880mm X 1230mm JFA 16
38.5

1100 F5

2016 4E9 A4 1 MR

2016 4E 9 HE5 1 YR EQ

ISBN 978 -7 —5369 —6819 -6
150. 00 7t

WRALERE  EEN w3



[T

b TR AEREE AN L O AR 1™ A 19, F R AN SR AE T R, e — 1] S B PR AR 5t
AR b TR i P AR T B ke b st IR, AR - 3t 2 D WA P 3t B804 2 0 A 4l 30
Frn ORI L RE Sl DR A 3t 3¢ 28 A e i i 7, HOAZL O A 55 2 DL LR HLE A O EARFIBE A
O SN R FIFE L, 32 8 st A7 0, 3 A LA AR B R

TEF R Tl A S B A % ) 2 v, B st R DG AR P ) 5 fRp ik, A LA 3t )
iR ECT BRI ARSI BRI S A SR P RS — R AT E A S S R, B
A NAEVE 2 , LT BE A o AN TS 400 B G 8 4 ™ B, S it )™ A ) M DR A7 o BE e~ B M 4T 258
TEJABE, TH A2 A AR TR i D g o DRI, 3t TR AN PR ANTHR v 4 A BB 25 1 i ]
AR, AT 3t TR AR R AU BRTA A A R 3t ) s e R AR , e Al
A7 A R DRI T e P 3t , S et it et AR I S A

VR, fifp o ot [l sl , AS (RS B4 PR B 2 T B R T B, i A TR T B, R T &
o TARERHAOEIT, 48 T AR, A 255 T B ke DX el ol [], MARAS B2 T - U ih TAEAY
FihE, 48 SO L 2 RN E B LR S PERE PR B M, A BB D HESh b TR LA P
o AL GREEAL R I 57 LA A SO i, W SR AR AR A A5 (]

FUA, 3 TR e 3 TREPOR R R RS R R I N 5 — BORTCIE I BRI R 2
IO BORER ZHAL LR G A REE A SE — AR B A0, 1 - 3t TR il 0 S R e 4 i TR
WSCHEMBORSEER AR, 7T LS 5 4 3 TAR A0 T LA SRy st e, P, A+ TR X — X [A]
(B TAEBORIIBESE , HR I A B A58 IS A & , F1 0 T TS S A KRR 14t , BB
% oy -3ty TREAR PR SCHEE

A L TR RS BT, s - TR SCBCR RS S HE) T, 1E TR S BRAR 2 T
), 38 1 SERRHIE N A B M TR AT 3t TREBIE ST , FLAEHES) 3 TRERI ISR A 51k, B
I A3t ARG 2220 0T A R IE SO 48 T — 300 20 B 3 TRE AR 18 38R ) o A ER
WS e [ A B URRRIR A S AR P - b B0 TR E R S B = AT PRV A b B TR ORI
O EAERRSE EWTFE 1 L HI B 1991 48 2 43830, WA GHE L3 TR IS WHFE R 50, Uit 4
Tl S R RS A R SE 2 B MR R £5 5 BR I BEIE  BOR Tk S BRI R, 3t
100 &, 29 110 75 B SCERTE Lt TRERL A 7 A A b TR 5 5 1A B4 A4 2 B 1 | i S 1k A
Ja kA, ATIEAEE b TARA G R L BT N R A B TARE 2% . di T iial e fe, in 2 e A FR,
AW Z TR SOR B, o)

A4S Z AR, 75 BIBR P RR 2B A L B P S8R, 3K\ EXRO0T BB R T8 R ) Sk
PRI BREG PSS AT SR PR SR Aol , DA E B BT O A A TARAE R, 42 Bl
B A B G A, D9 Z AT RO, 7RI, — I 3278 20 A 2 |

2 T
2016 4£ 9 A



= X

Sand stabilization effect of feldspathic sandstone during the fallow period in Mu Us Sandy Land
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Sand stabilization effect of feldspathic sandstone during
the fallow period in Mu Us Sandy Land

Han Jichang'*, Liu Yansui’’,Zhang Yang'~

(1. Shaanxi Provincial Land Engineering Construction Group Co. Ltd., Xi’an 710075, China;2. Key Laboratory
of Degraded and Unused Land Consolidation Engineering, the Ministry of Land and Resources of China, Xi” an 710075,
China;3. Institute of Geographic Sciences and Natural Resources Research, CAS, Beijing 100101, China)

[ Abstract] Depended on the analysis of ground snow situation, soil moisture loss speed and soil structure after
planting crops of Mu Us Sandy Land remedied with feldspathic sandstone in the fallow period, it is concluded that
feldspathic sandstone mixed with sand improved the sand stabilization in the governance of Mu Us Sandy Land in the
fallow period. The sandy land remedied with feldspathic sandstone had big snow coverage, 25% ~75% higher than
normal sand; soil moisture losses slowed down, and moisture content rose by over 3 times; soil structure had been
improved, and water stable aggregate content increased by 6. 52% ~ 18.04% ; survival rate of protection forest in-
creased to 85% ; and ground flatness is less than 1% . The above conditions weakened sand rising conditions of Mu
Us Sandy Land in the fallow period and formed two protective layers of snow cover and soil frozen layer under cold
weather so as to prevent against wind erosion.

[ Key words ] feldspathic sandstone; sand stabilization; Mu Us Sandy Land; desertification; land consolidation

1 Introduction

Mu Us Sandy Land is a depression located at southeastern Ordos Plateau and north of northern Shaanxi
Loess Plateau; it is one of China’s four major sandy land ( Han et al. , 2012). Due to the long war damage
in history, sharp population fluctuations, unreasonable land reclamation and overgrazing, serious grassland
degradation (Liu et al. , 2010) , land desertification and low productivity have been caused in the Mu Us re-
gion (Kong, 1996). Serious land use issues, especially desertification and frequent sandstorm disasters not
only destroyed the local ecological environment, deteriorated the natural environment, but also seriously af-
fected the region’ s economic and social development, people’ s livelihood and production ( Liu et al. ,
2014 ).

Though the research on desertification prevention and remediation has greatly progressed at present, the
situation of “local governance and overall deterioration” still continues. The existing sand stabilization tech-
niques mainly include engineering (or physical, mechanical ) sand stabilization, biological sand stabiliza-
tion, chemical sand stabilization and comprehensive sand stabilization ( Han and Zhang, 2014 ). Engineer-
ing sand stabilization measures mainly use materials such as wood, grass, tree branches, pebbles to set ob-
stacles on sand surface, and use grass square, nylon mesh, concrete slab, etc. , to control flowing direc-
tion, speed and structure of windblown sand, change surface roughness, and realize wind prevention and
sand stabilization. Its main features are efficient but with high cost, poor compatibility with biological envi-
ronment and great implementation difficulty. Biological sand stabilization makes full use of the limited water
and nutrients in the sand belt to plant trees, grass or shrubs to restore the vegetation, increasing roughness
and governing the desert, it can properly protect ecological environment, but the bad climatic and hydrologi-
cal conditions of desert or sand caused low plant survival rate and poor sand stabilization effect, unable to
ensure long — term ecological benefits and rural sustainable development ( Jiang et al. ,2008 ; Liu et al. ,
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2013 ). Chemical sand stabilization sprays or scatters dry chemical material on the sand surface to form sand
solidification layer, thus avoiding the direct impact of air flow on sand surface, but generally, sand stabiliza-
tion cycle is short, it is difficult to be applied and implemented in a large area. As far as large — area gov-
ernance, the present prevention and remediation means have limitations, modern sand prevention engineer-
ing requires efficient, cheap, rapid, convenient and environment — harmonious sand stabilization technology.
To sum up the features of the above several measures, adopting good points and avoiding shortcomings, de-
veloping comprehensive sand stabilization technology or discovering one multifunctional sand stabilization ma-
terial to play a role in wind prevention and sand stabilization and enable the land to generate huge economic
benefits will be of great significance for the governance of Mu Us Sandy Land.

2 Study area and methodology

2.1 Siudy area

Mu Us Sandy Land is in semiarid and arid climate area, belonging to inland plateau, far away from the
Pacific, blocked by mountains, preventing the moist air mass above the Pacific from reaching the place, and
moist air above southwestern Indian Ocean is also isolated by the Himalayas. In periphery and interior of Mu
Us Sandy Land there is not any mountain land or forest with high precipitation as perennial supply of water
source, it is only supplied by direct infiltration of 250 ~300 mm precipitation and beam land infiltration at
side direction of catchment area, the supply is limited, belonging to typical temperate continental climate,
with annual mean temperature 6.0 ~8.5°C , annual mean gale weather 10 ~40 d, and maximum 95 d. Gale
duration of 1 d in Mu Us Sandy Land accounts for 60% ~70% , duration of 2 ~3 d about 20% ~30% , and
4 ~6 d about 5% , annual mean sandstorms 11 ~29 d, belonging to ecologically fragile agriculture — pasture
ecotone. Annual prevailing windy season of Mu Us Sandy Land is from October to next May, being exactly
the time of fallow period of crop cultivation in Mu Us Sandy Land. Feldspathic sandstone covers an area of
16,700 km” in the sandy land. Feldspathic sandstone alternated with sand in Mu Us Sandy Land has low di-
agenetic potential and structural strength. It is also highly subject to weathering and rapidly expands when it
comes into contact with water, resulting in severe soil erosion ( Ye et al. , 2006; Wang et al. , 2007).

The study area is located in Yuyang District (108°58' ~110°24'E, 37°49" ~38°58'N) of Yulin City in
south of Mu Us Sandy Land and windblown sand grass land area, belonging to agriculture — pasture ecotone,
having superior natural conditions compared with other regions of Mu Us Sandy Land, but wind erosion de-
sertification and water loss and soil erosion were serious due to man — made sabotage.

Annual prevailing windy season of Mu Us Sandy Land is from October to the next May, when is exactly
the time of fallow period of crop cultivation in Mu Us Sandy Land. The crop harvest reduces the surface veg-
etation cover on the one hand, on the other hand, causes the disturbance of land to a certain extent, thus
creating conditions for the movement of sandstorm. Feldspathic sandstone covers an area of 16,700 km’ in
the sandy land. Feldspathic sandstone alternated with sand has low diagenetic potential and structural
strength. It is also highly subject to weathering and rapidly expands when it comes into contact with water,
resulting in severe soil erosion ( Wang et al. , 2007).

The existing researches show that, after mixing feldspathic sandstone with sand into soil in Mu Us Sandy
Land, the soil’ s physical character can be improved, and moisture content of topsoil will be significantly in-
creased. The Mu Us Sandy Land can play a role of natural water — retaining agent, providing a foundation for
plant growth (Han et al. , 2012; Yan et al. , 2013). The snow covered on the surface of sand in the fallow
period is regarded as a protective casing retarding windblown erosion, which has sand stabilization effect.
After sand snow is melted, the exposed drift sand will generate sandstorm via wind effect, causing significant
wind erosion phenomenon. It is discovered from the research of the sand of feldspathic sandstone settlement
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area and the original landform sand survey that, after snowfall, snow melting speed of remedied sand in this
region is slower than that of the original landform sand. This paper is based on placement test and sampling
analysis in test area to research the remedied land snow melting differences, reveal the formation of protec-
tive casing under wind erosion and influence mechanism of snow melting speed, and combines water retai-
ning property and stability analysis of mixing feldspathic sandstone with sand into soil to discuss and research
the sand consolidation effect of feldspathic sandstone in Mu Us Sandy Land.

2.2 Research method

2.2.1 Survey research of snow melting

This paper respectively surveyed remedied land covered with feldspathic sandstone and snow melting sit-
uation of original sand landform’ s sunny slope, shady slope and flat ground and underlying surface covered
with snow. It selected slope aspect, gradient, elevation and other regions with similar terrain conditions for
survey. During survey, six typical points in the study area were selected to measure snow thickness with
plum blossom method, and average values were taken. Gradient of remedied land is very small, in order to
get similar gradient and slope aspect for comparison, microtopography with mechanical ploughing was select-
ed for survey. Specific terrain conditions at survey sites are shown in Table 1.

2.2.2 Method of water retaining property of soil mixed with feldspathic sandstone and sand

In the 70 x70 x50 (length X width x height) osmotic vessel, the migration process of moisture of mix-
ture of feldspathic sandstone and sand was simulated. The specific procedure is to fill in sand at 30 ~50 c¢m
depth, fill in mixed sample of feldspathic sandstone and sand ( diameter within 2 ~3 ¢m) with a ratio of 1:2
at 0 ~30 cm, connect lower part of vessel with ground, and simulate the mixing state of feldspathic sand-
stone and sand in the fallow period of land. Water was filled in the vessel containing mixture until the water
oozes from lower part; 0 ~30 ¢cm mixed sample of feldspathic sandstone and sand was collected respectively
at 6 h, 18 h, 30 h, 42 h, 54 h, 102 h, 294 h, 318 h and 342 h after watering, and feldspathic sandstone
rock mass was stripped out of the mixture, respectively to measure the moisture content of mixture of feld-
spathic sandstone and sand and feldspathic sandstone rock mass. In the meantime, only sand in another ves-

sel was filled for comparison.

Table 1 Overview of the surveyed regions

No. Landform type Slope aspect Gradient( °) Elevation(m)
ZL-1  After covered with feldspathic sandstone Sunny slope 17.3 1259
ZL -2  After covered with feldspathic sandstone Shady slope 14.7 1259
ZL.-3  After covered with feldspathic sandstone - 0 1259
YS-1 Original landform Sunny slope 18 1257
YS-2  Original landform Shady slope 13.9 1257
YS-3  Original landform = 0 1257

2.2.3 Method for stabilizing soil mixed with feldspathic sandstone and sand

Feldspathic sandstone and sand should be mixed into soil according to ratios of 1: 1, 1:2 and 1:5. We
take total load as contrast, measure composite soil aggregate before and after utilization, select the sampling
regions with the same condition of site (5 m x5 m) for implementation, take samples with diagonal method
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in the region for three times and take the average value. The test method is the Savinov’ method.
3 Results and analysis
3.1 Analysis of snow melting phenomenon

Table 2 Snow cover investigation list

No. ZL -1 ZL -2 ZL -3 YS-1 YS-2 YS=3

Survey time December 14, 2011, 11:30 a. m.

Snow thickness (c¢m) 7.6 11.4 9.0 5.9 10.6 8.1
Snow coverage (% ) 95 99 98 85 95 90
Thickness of ground dry soil layer (c¢m) 0 0 0 1.5 1.6 1.5
Survey time January 5, 2012, 11:10 a. m.

Snow thickness (c¢m) 4.8 10.7 8.7 0 10.0 7.5
Snow coverage (% ) 85 95 95 <10 80 70
Thickness of ground dry soil layer (c¢m) 0 0 0 6.4 1.0 2.0

It snowed in Yuyang District of Yulin City on November 26, 2011, and snow thickness was 12 ecm. Af-
ter snowfall, snow melting situation survey (Table 2) was respectively performed twice on December 14,
2011 and January 5, 2012. The survey showed that, on the slope with the same slope aspect, the thickness
of snow on the land remedied with feldspathic sandstone was bigger than that of original sand without remedi-
ation, the snow on remedied land melted slowly, and the snow on sunny slope of sand without remediation
after snowing for 40 d was almost totally melted; from the angle of terrain, snow melting speed was sunny
slope > plane > shady slope; frozen layer on remedied land appeared from the surface. When the sand was
covered with snow, surface layer still had 1 ~2 em dry sand layer (Fig 1a). After the snow on sand surface

layer was melted, thickness of dry sand layer increased, within 5 ~8 cm.

Fig.1 Dry sand layer with snow (a) and mixed land of feldspathic sandstone with snow cover (b)

After land remediation, feldspathic sandstone did not have dry sand layer after being covered, ground sur-
face layer under original sand landform snow had one layer of dry sand layer. Sand soil without remediation had
many non — capillary pores with good water transmission performance, and the melted snow water could rapidly in-
filtrate downward to sand layer; and feldspathic sandstone and fine texture, developed capillary pores, good water
preservation , poor water transmission (Han et al. , 2012) and high surface moisture content, which would be fro-
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zen as temperature drops, and surface layer snow melted slowly. Snow and soil frozen layer formed two protective
layers on the surface, reducing the wind erosion effect in the fallow period (Fig 1b).

After land remediation with feldspathic sandstone, soil property and sand microtopography were
changed. The following analysis of sand stabilization effect of feldspathic sandstone in the fallow period was
made considering these two aspects.

3.2 Effects of soil properties change on sand stabilization

After the sand was mixed with feldspathic sandstone, soil character would be changed from sandy soil
into silty loam, capillary pore would increase, noncapillary pore would reduce, and water preservation would
improve. Improvement of water preservation of soil on sand surface layer and increase of soil moisture content
changed molecular force among soil particles and helped the implementation of biological sand stabilization
measures, thus improving soil structure and wind erosion resistance of soil.

3.2.1 Effects of mixed soil moisture change on sand stabilization

The lack of soil moisture is the biggest stumbling block for vegetation growth; insufficient moisture will
cause earlier weakening of vegetation. Feldspathic sandstone itself has the effect of natural water retention a-
gent, remedies Mu Us Sandy Land by mixing feldspathic sandstone and sand to improve water preservation
effect of soil surface layer of sand and moisture conditions, and enables biological sand stabilization measures
to constantly exert effect. Moisture content of sand soil is a very important wind erosion resistance factor. If
surface moisture content increases, starting wind speed of sand grain will increase (Liu and Dong, 2002 ).
When air flow blows over underlying surface consisting of loose particles, sand grain is affected by head re-
sistance and gravity; as far as sand grain with grain size less than 0. Imm, the effect of cohesion and viscous
force should also be considered. When the sand contains moisture, the strain between water molecule and
sand grain particle would enable the cohesion among particles to increase, enabling it not easy to be risen.
2% sand soil moisture content is an important turning point, when moisture content is less than 2% , wind-
blown erosion resistance is poor and change is big; when moisture content is more than 2% , wind erosion re-
sistance tends to be stable; when moisture content reaches saturation capacity, extreme wind speed of wind

erosion resistance is stabilized by about 14 m/s, which can resist Grade 6 ~7 gale (Dong and Qian, 2007).

25 [ —#—TFeldspathic sandstone —ili— Mixing of feldspathic —& —gand
sandstone and sand

20 [

15T

10 1

Moisture content(%)

6 18 30 42 54 102 294 318 342
Time(h)
Fig.2 Variation of moisture content as time changes
After saturating feldspathic sandstone, mixture of feldspathic sandstone with sand and sand, observed
342h soil moisture content as time changes ( Figure 2) , and found that, feldspathic sandstone and mixture of
feldspathic sandstone with sand changed little as time goes, respectively 1.59% and 4.38% ; and minimum
moisture content was respectively 17.49% and 11.57% , exceeding sand’ s saturation moisture content,

therefore, it could resist at least 14m/s wind speed erosion. When sand was observed for 294 h, moisture
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content was 1. 39% , lower than 2% ; wind erosion resistance became very poor. Therefore, feldspathic
sandstone and sand was mixed by increasing moisture content of soil surface layer to improve windblown ero-
sion resistance.

In addition, Mu Us Sandy Land has cold climate and high soil moisture content, which will generate
soil frozen layer; if moisture content is low, it will be hard to form frozen layer (Table 2). On the one
hand, after the water is frozen, it generates a large quantity of hydrogen bonds, the ice has tetrahedral crys-
tal structure, and hydrogen bonds connect this tetrahedron into as a whole. Under the effect of ice, single —
grain sand is cemented into one layer of protective casing to isolate direct connection between air flow and
loose sand surface, thus can reduce the wind erosion.

Increase of soil moisture content is good for survival of protection forest. According to the erosion fea-
tures in project area, the protection forest was placed with “net — shape” to form criss — cross forest protec-
tion belt, and supported with sea buckthorn, sand willow and other shrubs to form three — dimensional wind
prevention and sand stabilization system. After land remediation, survival rate of protection forest could
reach 85% ; survival rate of aspen on the sand without remediation was 52% ~84% (Tai et al. , 2004 ).
Sand remediation with feldspathic sandstone provided advantageous conditions for biological sand stabiliza-
tion.

3.2.2 Effects of mixed soil stability change on sand stabilization

Sand stabilization effect of Mu Us Sandy Land after mixing feldspathic sandstone with sand into soil is
closely related to the stability of soil structure. Water stable aggregate means that soil structure form will not
be broken after soil structure is immersed in the water, water stable aggregate is not only the important com-
ponent of soil but also the productivity that ensures and coordinates liquid manure and gas heat in the soil,
impacts type and activity of soil enzyme, maintains and stabilizes loose curing layer of soil and directly influ-
ences plant. Compare mixing proportion of feldspathic sandstone with sand based on 1: 1, 1:2 and 1:5, and
water stable aggregate quantity in mixed soil before plantation and after one — season and two — season plant-
ing (Table 3).

Table 3 Mass percentage ( % ) of water stable aggregate of soil mixed
with feldspathic sandstone and sand

Feldspathic

Before planting One — season planting Two — season planting
sandstone ; sand
1:1 28.22 29.29 29.33
1:2 2155 21.87 23.92
1:5 18.38 18.02 20.82
0:1(sand) 10. 87 11.50 11.29

With the extension of planting time at different proportions, the quantity of aggregate in mixed soil ten-
ded to increase, indicating that soil structure had gradually cured and developed benignly. Compared with
total load, if the sand was remedied with feldspathic sandstone, soil aggregate content would increase, and
the added values were respectively: 7.51% ~17.35% , 6.52% ~17.79 % , and 9.53% ~18.04% . Sand
remediation with feldspathic sandstone was helpful for increasing aggregate content, enhancing soil structure
and intensifying the sand stabilization and soil formation effect.

3.3 Effects of terrain factors change on sand stabilizationland remediation engineering changed the
sand’ s terrain conditions of original landform, discrepancy in elevation of sand’ s original landform was with-
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in 10m, flatness after land remediation was within 5%o ~ 10%0, and the surfing sand dune was changed into
flat ground, changing surface energy distribution and impacting the strength of wind erosion as well.

Sand dune was divided into sunny slope, shady slope, semi — sunny slope and semi — shady slope, the
remedied land was flat without obvious slope aspect. According to the research ( Fuh Bawpuh, 1958 ) , radi-
ating seasonal gross and annual gross of slopes at different slope aspects was different as latitude and gradient
changed, and the variation trend was different as well. Especially in winter half year, radiating gross on
south slope was much more than that of flat ground, and the higher the latitude was, the bigger gradient
would be (but not more than the hottest gradient) and the bigger difference between them would be. For ex-
ample, on the south slope with the hottest gradient (67°) at latitude 50, solar radiation gross in winter could
reach 79.9 kcal -+ ¢em ~, and solar radiation gross on flat ground in the same period was 80.2 kcal + ¢cm 7,
both ones were nearly equal. In winter and the entire year, when the radiation on horizontal plane rapidly
decreased as latitude increases, but solar radiation gross of radiation area on south slope with big gradient in-
creased as latitude rose. Therefore, sunny slope received bigger solar radiation and had faster snow melting
speed. After land remediation, solar energy distribution in the sand changed, latitude of Mu Us Sandy Land
was within 37°27" ~39°22'N, sun incidence angle in winter was small and snow melted slowly.

Wind is the driving force of windblown sand movement, the process of surface sand grain divorced from
earth’ s surface under wind field effect and initial motion has become the start of sand grain, which marks
the beginning of surface wind erosion. Under certain condition of wind direction, wind speed has always
played a decisive part in the whole motion process of sand grain. Protection forest in project area effectively
reduced wind speed (Bao et al. , 2007). Compared with plane under this condition, when wind direction is
fixed, windblown sand on slope is more easily raised ( Wu et al. , 2010). Windblown sand movement of the
exposed cultivated land is different from windblown sand movement of desert, sand rising wind speed of culti-
vate land is faster than that of desert sand ( Shen and Zou, 2005). After land remediation, ground gradient
diminished, thus increasing wind speed of sand rising and strengthening wind erosion resistance of soil.

4 Conclusion

Land remediation for Mu Us Sandy Land with feldspathic sandstone changed soil conditions and terrain
conditions of land remediation region and reduced windblown sand level of project area, especially feldspath-
ic sandstone still has the sand - fixation function in the fallow period.

Feldspathic sandstone has water preservation effect that can expand sand soil moisture loss, increase soil
moisture content, speed up sand rising wind, and enhance the soil’ s corrosion resistance. Due to high soil
moisture content, earth’s surface will tend to form frozen layer and snow coverage is big, reaching more than
85% . With the increase of cohesion, two protective layers of snow cover and soil frozen layer have been
formed to reduce wind erosion effect.

In addition, soil moisture loss slowed down and moisture content increased by over 3 times. Condition
improvement was helpful for promoting the implementation effect of the biological sand stabilization meas-
ures, increasing survival rate of protection forest to 85% and effectively reducing wind speed, thus mitigating
wind erosion. Third, remediation of soil of Mu Us Sandy Land improved stability of soil structure through
crop planting and increase of soil water stable aggregate content and provided advantageous conditions for
sand stabilization effect of feldspathic sandstone. After land remediation, land flatness was improved and ter-

rain factor of slope surface erosion was moderated.
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Land policy and land engineering
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[ Abstract ] Based on the relationship between land policy and land engineering, we defined the concept of
‘land engineering’ and its contents, and demonstrated the significance of the establishment of land engineering. On
the one hand, the land policy guided the development of the land engineering. On the other hand, the land engineer-
ing is an important means to improve and execute the land policy. The contents of land engineering are summarized
as follows: (1) conversion of non — agricultural land into agricultural land; (2) conversion of low standard use land in-
to a high standard use land; (3) conversion of current land into human construction use; (4 ) conversion of polluted
and damaged land into usable land. Our study provides scientific support for the efficient utilization of land re-
sources.

[ Key words] Land, Policy, Engineering, Discipline construction

1 Introduction

Land policy is a series of standards, directions and guidance for specific economic and social interests
in order to achieve land use and management in a certain historical period. As land resources are non — re-
newable , the core content and basic objective of a land policy is to maintain the balance between the supply
and demand of land resources via policy adjustment to achieve the sustainable use of land resources. The
generalized land policies include the land laws, rules and regulations, while the narrowly defined land poli-
cies include all the land policies that are directly or indirectly made to adjust the relationship of humans and
land. In either way, land policy is a directional and macro political behavior appearing as the attitude,
norms and guidelines of the behavior makers (Lu, 2002; Chen and Han, 2005).

Land policy belongs to the category of production relationship and its relationship to land productivity is
the conversion between adaptation and non — adaptation. The infiuence of a land policy on economic devel-
opment requires people to continuously adjust the production relationship, as well as the land regime and
policy, according to the corresponding productivity. At present, the social productivity has entered the rap-
idly developmental stage, which requires the land policy to be adjusted accordingly.

The essential contents of a land policy are as follows: (1) Land policy is substantially a performance of
a production relationship and is one type of policy. Hence, policy theories are applicable to land policy, and
all land policies should be consistent with the principles of policy science. (2) Regarding the characteristics
of the land phenomenon, land policy emphasizes that the human — land relationship should be adjusted for
specific economic and social interests, refiecting the constraints and guidance of the land policy on land pos-
session, occupancy, use, income, distribution, operation and management. (3) Land policy should be
made by the nation or political parties. Similar to the laws, the land policy serves the ruling class, which de-
termines the class functions and the nature of the land policy. (4) Regarding the direction and objectives of
a land policy, a land policy is made to achieve land management and utilization within a certain historical
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period. Hence, clarifying the goals and direction of a land policy can contribute to improving the accuracy of
the policy definition. (5) Land policy is the sum of a series of guidelines and direction, which is aimed to
adjust and guide the institutional or personal management and utilization of the land. As a land policy can be
used to adjust the land ownership and benefits, it can significantly affect the relationship between the people
and the state. Hence, land policy is the basis for the relationship between the land, the people and the
state. The land policy should be implemented via specific techniques and methods, which can be provided
by land engineering ( Willamson, 2001). Land engineering aims to actively coordinate the harmonious de-
velopment of the human — land relationship, using engineering means to resolve major land issues by such as
converting unused land into usable land and low standard use land into high standard use land.

2 Data and methodology

This paper obtained some date and information form two typical land engineering, which were the Daji-
han project in the Yulin City and the Chan — Ba Ecological District in Xi’ an. This paper intends to elaborate
the land engineering content and the relationship between the land engineering and land policy. Two typical
cases are summarized as follows:

2.1 Dajihan project in the Yulin City, Shaanxi Province

Located in the hinterland of Maowusu Sandy Land, Yuyang District of Yulin is a sand marsh area and
belongs to agriculture pasture ecotone; due to man — made destructions, it suffers from severe wind erosion,
desertification and soil erosion. Yuyang district is located between 108°58’ ~110°24'E and 37°49" ~38°58’
N, with an altitude of 1000 ~ 1600 m. The ridge of the sand area is mainly Cretaceous red and gray feld-
spathic sandstone. The average temperature in the region for years is 8. 1°C, with the extreme highest tem-
perature of 38.6°C , and lowest temperature of —32.7°C. The annual average frost — free period is 155 days.
The regional average annual rainfall is 413.9 mm, annual evaporation is 1904 mm, average wind speed is 3.
5 m/s, the maximum wind speed is 18.7 m/s and the maximum permafrost depth is 1.48 m. Aeolian sand
soil is the major soil type, accounting for 93.4% of the total area. There is a large of sand and feldspathic
sandstone, that cause soil erosion.

2.2 Chan - Ba Ecological District in Xi’ an

The Ba River is a river in Shaanxi Province; it originates in Qin — ling. This river was previously
named the Zishui River, but the name was changed to the Bashui River because of the achievement of King
Qinmugong. In the Qin and Han dynasties, there was a bridge called the Ba Bridge across the river, which
was an important transportation hub in the ancient Shaanxi area. The Chan River and the Ba River are two of
the eight main rivers in Xi” an. The Chan — Ba region refers to the region surrounded by the Chan River and
the Ba River.

3 Results

3.1 Land engineering and iis contents

Land engineering can appropriately allocate land resources and organize land use in all aspects, from
the macro aspect to the micro aspect and from the global aspect to the local aspect, to maintain an ideal land
use structure and subsequently to obtain the greatest structural - functional benefits. Based on the current
land use status, the objectives of land engineering can be classified into two categories: (1) unused land
such as barren hills and wasteland, which can be comprehensively developed into usable land; (2) used
land, of which the land resource value and utilization rate can be promoted by land engineering. Therefore,
the core mission of land engineering is to increase the land use range and promote land productivity. In the
modern society, land productivity is not only the agricultural crop output per unit area, it is also the benefits
produced by all usable land, including agricultural land, industrial land, and land used for research, educa-
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