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Abstract Taking the waterhead area of the middle line project for diverting water from the south to the north, Hanjiang watershed in Shiquan,

as an example, ecological remediation of the small watershed was studied from aspects of necessity, practicability, plans and aims. The ecolog-

ical restoration for soil and water conservation in Hanjiang River basin can not only control soil erosion and effectively protect water resources to

provide clean water for people living in the lower reaches of Hanjiang mainstream, but also increase farmers’ income and protect environment,

which is both typical and exemplary.
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Located in the south of the central Shaanxi plain, Qinling and
Bashan mountainous area is an important region in Shanxi Province
that is rich in agricultural and forestry products as well as non-fer-
rous metals, and it is also the national engineering area of soil and
water conservation in Danjiangkou Reservoir area (the waterhead
area of the middle line project for diverting water from the south to
the north ) and its upper reaches. Qinling and Bashan mountain-
ous area has complex geological conditions and frequent natural
disasters like soil erosion, flood and mudslide, which have not on-
ly brought about great damage to personnel and property, but also
caused serious water environmental damage to the waterhead area
of the project for diverting water from the south to the north.
Therefor, it is of important significance to study ecological restora-
tion for soil and water conservation in Hanjiang ( Shiquan section)

watershed in Qinling and Bashan mountainous area''’.

1 General situations of the watershed studied

1.1 Geographical position Shiquan County is situated in the
middle of southern Shaanxi, bordering on Qinling Mountain in the
north and Bashan Mountain in the south. The length of Hanjiang
River flowing though Shiquan County from west to east is 58. 5
km, with the watershed area of 1 021.63 km’, showing that the
river is between the two mountains. Moreover, 210 National Road
and Xi’an — Hanzhong Highway can be found here, and Shiyan —
Tianshui Highway and parallel Yangpingguan — Ankang Railway
extend across Hanjiang River from east to west. The distances
from the county town to Xi’an, Ankang and Hanzhong cities are
168, 80 and 165 km respectively, and the county town is located

at the western gate of Ankang, bordering on Xiangyu in the east,
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Baocheng in the west, Guanzhong in the north, and Bashu in the
south, which has become one of important transport hubs of
Shaanxi, Sichuan and Hubei provinces. Meanwhile, the first hy-
dropower station Shiquan Hydropower Station in Hanjiang main-
stream was built here, and the reservoir area of Xihe hydropower
station with unique landscape is the core of the watershed.

1.2 Landscape The region has complex terrain, that is, the
offshoot of Bashan Mountain is located on the south of Hanjiang
River, while Qinling hinterland is situated on the north of the riv-
er; altitude is high in the north and low in the south, and Yunwu
Mountain in the north has the maximum altitude 2 008.9 m, while
the southern Shiquanju has the minimum altitude 332.8 m. In ad-
dition, mountains are high in the region, and there are 396 rivers,
ditches and streams. The density of river network is 1. 14 km/km’
and major rivers include Raofeng River (with a drainage area of
400.19 km’), Zhongba River (with a drainage area of 80. 08
km®) and Fushui River (with a drainage area of 73.29 km®).
1.3 Climatic characteristics The region is the humid monsoon
climate zone on the edge of northern semitropics, with distinctive
four seasons, abundant rainfall, enough heat, moderate and humid
climate. Rainfall concentrates in the flood season, and flood and
summer drought occurred frequently. Annual average temperature
is 14.3 °C, and annual mean precipitation is 877. 1 mm, while
average precipitation from July to September over past years ac-
counts for 52% of that of the whole year.
1.4 Social and economic conditions There are 11 towns and
139 villagers’ committees, 8 residents’ committee. Among them,
there are 47 mountain villages with altitudes of above 600 m. By
the end of 2009, total population of the project area reached
130 300, and arable land area per capita was 0. 013 hm’, while
farmland area per capita was only 0.067 hm’. Agricultural plant-
ing is the leading industry in the mountain area, and chief crops
include single-season rice and corn, interplanting potato and minor

cereals. Part of economic income is from planting mulberry to
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breed silkworm and breeding pigs, while main source of economic
income is labor export.
1.5 Natural resources The area is rich in water resources.
Among them, the quantity of local water produced by itself is only
0.26 billion m’, while 0. 56 billion m’ of foreign water flows
through here, and the amount of passing-by water in Hanjiang ma-
instream is 2. 142 billion m”, totaling 2. 962 billion m’. Addition-
ally, among mineral resources, non-metallic minerals like quartz,
vanadium-titanium magnetite, stone coal, marble and limestone
are the richest in the region.

1.6 Status quo of soil erosion Total area of the watershed is
1 021.63 km’, and 627.94 km’ of land has suffered from soil ero-
sion, accounting for 61. 5% of total area. Annual average erosion
modulus is 2 748 t/km’, and surface and liner erosion are common
water erosion types, while gravitational erosion like landslide and
collapse caused by rainstorm in some areas. Soil erosion mainly con-

centrates large areas of sloping land, barren hills and forestland.

2 Necessity and feasibility of ecological restoration for
soil and water conservation

2.1 Necessity The implementation of " Danzhi" project marks
the advancement of soil and water conservation towards standardi-
zation, legalization and normalization, and serious soil erosion has
been relieved to a certain degree. However, due to large control
tasks, little investment and lack of young and strong labor who
works in cities, it is difficult to make the masses work standard
and conduct large-scale organization, directly affecting the project
in quality and quality, so it is difficult to realize expected control
benefit. Soil and water conservation is a long, formidable, com-
prehensive and social work, and to maintain control achievements
and ensure sustainable development, the government should sup-
port the project through investment. Ecological restoration is an ef-
fective method with little investment'” ™.

2.2 Feasibility On the one hand, there are prerequisites for
vegetation growth and restoration, such as suitable climate charac-
teristics and rainfall. On the other hand, local government pays
more attention to ecological construction and development of eco-
logical industry. To ensure the smooth implementation of
"Danzhi" soil and water conservation project and each construc-
tion task, completely improve agricultural infrastructure condi-
tions, increase farmers’ income, and protect water quality of Han-
jlang River, the pattern of economic development has formed ini-
tially in the county, mainly developing ecological tourism (such as
tourism development of Hanjiang ecological landscape and leisure
farm park in the suburbs) and ecological industry (such as mul-
berry, green tea, raw lacquer and woody oil). Combing with eco-
logical migrants from villages in high mountains, a city-level ex-
perimental zone with the integration of urban and rural areas,
"Yangliu New District in Raofeng River basin" , has been built,
while tertiary industry has been developed, and skill training of
farmers and labor export have been carried out, which promotes

the migration of substantial rural labor that can relieve land pres-

sure. In addition, the level of productivity has improved, and ag-
ricultural production mode has transformed from traditional exten-
sive management into intensive management, while deep-seated
problems like excessive dependence and occupancy of land re-
sources have been addressed. Besides, the key technology for eco-
logical restoration has been carried out in " Danzhi" project, and
the masses’ ecological awareness has increased, building a good

atmosphere for ecological restoration.

3 Plans of ecological restoration for soil and water
conservation

Ecological restoration of the water source aims to decrease soil ero-
sion and protect water quality, on the premise that the improve-
ment of people’s living standard and development of production
should be realized in the project area. With high mountains and
steep slopes, thin soil and thick stones, heavy and concentrated
rainfall, the region suffers from moderate soil erosion, so the plans
for ecological restoration should be carried our according to local
conditions.

3.1 Mountainous areas with altitudes of above 600 m There
are 47 mountainous areas with altitudes of above 600 m, where soil
erosion has become increasing serious because of high mountains
and steep slopes, scattered population, lagging economy, bad natu-
ral and production conditions, traditional farming mode. In the are-
as above, we should implement ecological migration, increase in-
frastructures and land remediation in the new sites of migrants,
conduct modern agricultural technical training, change traditional
cropping and planting modes, maintain the achievements of retur-
ning farmland to forestland or grassland, and strictly forbid people
from reclaiming steep slopes.

3.2 Raofeng River basin Raofeng River road district has an
area of 400. 19 km®, and low mountains and hills are common.
Due to dense population, national highway extending along the riv-
er, and excellent location, it is the political, economic and cultur-
al center of the basin, and should be supervised especially be-
cause of frequent human activity. In agricultural production, the
industry planting silkworm to breed mulberry is in a dominant po-
sition, and major land use types are young forestland and shrub
land, with small canopy density. Ecological construction just star-
ted, so the ecosystem is very vulnerable and has poor ability to
hold water, soil and fertilizer. Therefore, we ought to strengthen
supervision and law enforcement and check soil erosion caused by
human factors. Biological measures should be applied to slopes,
and suitable engineering measures should be adopted. In dam dis-
trict, basic farmland protection and pollution prevention should be
implemented, and ecological and efficient agriculture should be
popularized. Besides, the amount of pesticide and fertilizer ap-
plied to farmland should be reduced, and domestic sewage and
garbage should be treated before being discharged to decrease
COD discharge. Meanwhile, we ought to develop soil and water
conservation in suburban areas using location advantages,

strengthen sightseeing garden construction for water and soil con-
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servation, and develop water protection industry to promote local
economic development.
3.3 Reservoir area Located in the reservoir area of Shiquan
and Xihe Hydropower Station, southern district ( Xihe, Yundou,
Houliu and Zhongbei towns) and reservoir area are ecotourism are-
as in Hanjiang River basin ( Hanjiang reservoir area, Yanxiang
Cave and Zhongba Grand Canyon), and mountains are high and
slopes are steep along the river, while steep slope reclamation and
downslope cultivation were very serious in old days. After ecologi-
cal management in recent years, large areas of water conservation
forest and economic forest (mulberry, tea and citrus) have formed
through greening and returning farmland to forestland. Soil and
water conservation work should focus on strengthening closed for-
est, and engineering measures need to be implemented in some ar-
eas, so as to improve ecological protection in the tourism districts.
In addition, during the control process, we should combine slop-
ing land control and ecological restoration, backbone water conser-
vation project and small water conservancy project, as well as soil
and water conservation ecological construction and development of
agricultural and tourism economy, so as to control soil erosion and
restore ecological environment. Afterwards, rural travel and
tourism industry can be developed gradually based on the plans
above.

3.4 Other measures Ecological compensation mechanism sys-
tem should be improved to make people’s production and living
conditions, and farmers’ income should be in accordance with lo-
cal economic growth. The long-term ecological compensation
mechanism of water head sites is established to address the overall
balance between water head sites and water use areas based on

value theory'® ™).

4 Targets of ecological restoration for soil and water
conservation

On the whole, ecological restoration for soil and water conservation
aims to significantly improve agricultural production conditions,
increase farmers’ income, and make rural environment clean and
beautiful, so as to lay solid ecological foundations for building a
moderately prosperous society in the watershed'®’.

4.1 Goals of controlling soil erosion Keeping in step with
the construction of Danzhi project in Shiquan section of Raofeng
River, it is expected that land utilization rate will be improved,
and rural infrastructure will be improved through adjustment of
land use structure and planning of dominant and distinctive indus-
try after two years of controlling; through popularization of ecologi-
cal and organic agriculture and high-yield technology, the amount
of fertilizer and pesticide applied to farmland will be decreased to
control non-point pollution in the basin; prevention and supervi-
sion system will be improved to control soil erosion caused by hu-
man factors; through comprehensive control and ecological restora-
tion, all tasks to control soil erosion planned should be finished,
preventing silts from entering the reservoir area of Xihe Hydropow-

er Station in Hanjiang River mainstream.

4.2 Targets of ecological construction In ecological con-
struction, villages and courtyards should be beautified, that is,
trees and hedgerows should be planted along main roads, and e-
conomic garden with cherry and grape should be built in a yard,
and 2 =5 ponds used to collect garbage should be built in court-
yards within 100 m. Meanwhile, large-scale demonstration gar-
dens of ecological and efficient agriculture and industrialized agri-
culture should be developed in table land, and ecological control
of grooves and river channels in mountainous areas should be im-
proved. Besides, we ought to make water conservation projects
safe during the flood season, and control soil erosion caused by
human factors, building new distinctive mountainous rural coun-
tryside.

4.3 Development goals of rural economy Based on the ad-
justment of land use structure in " Danzhi" project, some sloping
land with the slope of 5° — 15°should be transformed into highly
standard farmland, laying foundations for developing industrialized
agriculture or efficient agriculture, while other sloping land will be
built into economic and fruit forest terrace. Meanwhile, cherry,
grape and other economic fruits will be planted around roads and
gardens, and closely planted mulberry garden will be built to make

farmland area per capita reach above 0. 15 hm’.

5 Conclusions

The ecological restoration for soil and water conservation in Han-
jlang River basin can not only control soil erosion and effectively
protect water resources to provide clean water for people living in
the lower reaches of Hanjiang mainstream, but also increase
farmers’ income and protect environment, and it is typical and

exemplary.
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