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Summary
The Loess Plateau is the cradle of ancient Chinese civilization and a place where
dryland agriculture originated; it is also one of the world’s most vulnerable
ecological systems with the most serious soil erosion problems. The plateau has
supported a population of more than 100 million and over 70% of which are rural
and are relatively weak. Dryland agriculture has played a key role in providing
suﬃcient food for the inhabitants, as well as , environmental conservation and
economic development of the Plateau over the history. It is now facing a
considerable challenge from climate change with drier and warmer environment. In
order to reverse the serious ecological degradations, especially the signiﬁcant water
loss and soil erosion, the Chinese Government initiated a series of major ecological
engineering projects to control the environment. The four signiﬁcant ecological
engineering included 1) a terracing system as a vital tool for agricultural production;
2) a check dam system, constructed in loess gullies to block and collect sediment to
prevent its loss to downstream and for cropland improvement; 3) an integrated
small watershed control system including dryland farming techniques, water and
soil conservation system, and animal husbandry; and 4) the Grain-for–Green project
in the plateau, returning slope croplands to grassland or forest to increase
vegetation coverage and control water loss and soil erosion since 2000. Rainwater

harvesting technologies in various forms are becoming the central dryland farming
model to improve the eﬃcient use of precipitation, which includes limited irrigation
system and ridge-furrow mulching technologies. The grain yield and local farmer
income have been increasing rapidly since 2000 due to the eﬃcient rainwater use
technologies, especially in recent 5 years. The increasing migration of rural residents
to cities for jobs, with rapid urbanization in the recent decades, has alleviated the
population pressure in rural areas. With less cropland needed to produce food for
the residents, greater amounts of cropland have been returned to grassland or
natural vegetation. Therefore, dryland farming technologies, and urbanization
indirectly, have beneﬁted the sustainability of the semiarid Loess Plateau.
Introduction
The Loess Plateau in China is one of regions where dryland agriculture originated to
meet the food requirements of a growing population (1).
It is one of the areas with serious soil erosion, which is closely related to the
extensive operation of dryland agriculture. Thousands of years ago, the main
landforms of the Loess Plateau were expansive ﬂat plateaus with few gullies, and
where the forest cover was up to 53% (2-6). With population growth, large areas of
natural vegetation (forest, shrub and grassland) had to be converted to cultivation
to increase grain production, and eroded sloping areas increased greatly. Forest
coverage was reduced from over 50% about 2000 years ago to 33% about 1500
years ago and then to 6.1% by 1949 (3). Soil erosion accelerated as a result of the
loss of nature vegetation.
For a long period, agricultural production of the Plateau was weak and unstable
which, together with population increase, in caused food shortages and
impoverishment of the people. Since the founding of the P R China in 1949, the
Central Government has made unremitting eﬀorts, promulgating a series of policies
and measures to boost local restoration of degraded ecosystems and improve the
livelihoods of the people. In the last decade, with the rapid development of
urbanization, a large number of local peasants have migrated to cities for work,
which to .
some extent has reduced rural population pressure. At the same time, the
development of low-cost integrated dryland agriculture technology, mainly aims at
eﬃcient usage of precipitation, has resulted in signiﬁcant improvement of
agricultural production and the standard of living.
The recent Grain for Green Program implemented by the Central Government has
led to signiﬁcant changes in environment and farming production on the Plateau
and brought about sustainable ecological restoration and improvement of
production (7-8). The conceptual change on the agriculture in the Plateau
represents the development in dryland areas of China in the last 60 years, especially
the development paradigm of the Loess plateau from productivity to ecological
function(9).This paper summarizes agricultural techniques, patterns, and models of
the Plateau, describes the evolution of dryland agriculture with the unique
characteristics of traditional methods and modern progress and discuss the

potential link between dryland agriculture and climate change. It focuses on two
aspects: (1) the relationship of environmental management and dryland agriculture
of the Loess Plateau of China over the last 60 years and (2) the interaction between
ecology and production in seeking sustainable development.
2 Regional backgrounds
2.1 The formation and geomorphology of the Loess Plateau
The Loess Plateau is located on the North central region of China, at latitude
34°~40°, longitude 103°~114°.
The plateau stretches over 1,000 km from east to west, and about 700 km from
north to south, including the areas west of the Taihang Mountains, Northeast of
Tibetan Plateau, north of the Qinling Mountains and south of the Yinshan
Mountains. The plateau occupies parts of Shanxi, Shaanxi, Gansu, Qinghai, Ningxia,
Inner Mongolia, Henan and some other provinces, a total area of about 640,000km2
(Fig. 1), with the elevation range from 800 to 2,400 m.
The formation of the Plateau and the Himalayan orogeny are closely related (10).
The Himalayan orogeny led not only to the formation of the Tibetan Plateau, but
also to the uplift of the Qinling Mountains, hindering the northwest cold air mass
from spreading south, and the southeast warm wet snap from spreading north. The
Himalayan orogeny caused the gradual strengthening of the northwest wind during
the winter, and in Spring it blew dust up to more than 3,000 m in altitude to inland
arid desert regions of Central Asia, causing the southeast wind drift. Owing to
interference of the southeast monsoon and the barrier and interception of the
Qinling Mountains, Liupan Mountains, Lvliang Mountains and Taihang Mountains,
the wind was dissipated, depositing its dust along the Yellow River and hence
forming the thick loess (11). During the Pleistocene (from about 2,588,000 to 11,700
years ago), the Tibetan Plateau rose to its current height and eventually formed the
northwest arid region. As the climate became drier and cooler, Malan loess
accumulated more rapidly by wind action, eventually creating the total area of
640,000km2 of loess in northern China and a spectacular Loess Plateau along the
middle reaches of the Yellow River (12).
Apart from a few rocky mountains, the Loess plateau is covered with thick loess that
has a thickness between 50 to 80m, and even up to 150 to 180m. The texture of
loess is exquisite and uniform, and the particle size is only 1~10mm. The Plateau is
an area of cracked-terrain land, which is mainly divided by ravines and hills. This
terrain accounts for about 90% of the area covered by Loess. In the centre of the
thickest loess area, there are several relatively ﬂat plateau surfaces between the
rivers Jinghe, Luohe, Marin and a few sections of the Puhe. The top surface of the
plateau is relatively ﬂat, but some areas are eroded to the valleys with steep sides.
The tableland area of Plateau has reduced by soil erosion to less than 10% of the
total area of Loess Plateau (13).
2.2 Climatic characteristics and distribution of dryland farming of the Loess Plateau
The southeast monsoon frequents the northwest arid area of the Chinese Loess
Plateau (14) and the annual average temperature is 8.8°C (spring 10.0°C; summer

20.9°C; autumn 8.8°C and winter -4.6°C) (13).
From 1957 to 2009, the average annual precipitation of the Loess Plateau region
was 434 mm (15), with a general trend of more precipitation in the south than in the
north, and more in the east than in the west, and a decrease progressively from
southeast to northwest (Fig. 2) (15). Most rain falls in the summer (June to August),
accounting for 50%~65% of the annual precipitation. Autumn (August to November)
accounts for 13%~23%, spring (March to May) accounts for 18%~32% and winter
(December to February) is the least- about 5% (16). The rainy season (May to
September) accounts for 78%~92% of the total annual precipitation (16).
Arable land of the Loess Plateau covers about 1 458.159 x 104 ha (17). Data for the
year of 2008 showed that farmland with slopes greater than 5° accounted for
31.21% of the total cultivated area, in which areas with 5~15° inclines accounted for
42.14%, 15~25° accounted for 19.38%, and >25° for 7.27% (17).
The irrigated farmland covers only 25.2% of the total arable land, mainly distributed
in west Inner Mongolia and Weihe river plain areas.
The rainfed agriculture sector accounts for more than 70% of the cultivated area,
mainly distributed in the semi-arid hilly areas with precipitation range 250~550 mm
per year.
2.3 Changes in the Climate of the Loess Plateau
Based on the dataset of 224 weather stations on the Loess Plateau, from 1961 to
2010, the average temperature increased signiﬁcantly (1.91°C/50yr), a greater
increase than in the overall northern hemisphere (18). By 2030, the temperatures in
Northwest China may be further raised by 1.9~2.3°C (19). However, the overall
change in precipitation over the Loess Plateau has not been signiﬁcant, whereas the
precipitation signiﬁcantly decreased by 47.6 mm per 10-year in the southeast
region. According to the rainfall data of 89 weather stations on the Plateau, the
precipitation over the entire Plateau fell by 49.1 mm over the 52 years from 1957 to
2009 (Table 1)(15).Spring, summer and autumn exhibited no signiﬁcant diﬀerence in
decreasing trend of precipitation, with an average reduction rates of -0.09 mm/a,
-0.57 mm/a, -0.19 mm/a, respectively (16).
Since the 2nd century B.C., a trend of increasing drought has been the main climatic
observation (20). The frequencies of drought years have consistently increased in
the Plateau. In the Sui and the Tang dynasties in the 6-9th century, the proportion of
dry years was less than 17%. From then on the probability increased progressively:
27% in the 10th~14th century; 43% in the 15th~17th century; 46% in the 18th
century, and >51% since the 1830s (11). An increasing arid climatic trend is bound to
have a signiﬁcant impact on the ecosystem of the Plateau.
2.4 Ecological degradation and poverty in the Loess Plateau
The Plateau is the cradle of ancient Chinese civilization and is one of the world’s
most vulnerable ecological environments. The area of soil erosion covers
45.4x104km2 and accounts for 60% of the total Plateau area (of which water erosion
covers 337,000 km2, and wind erosion 117,000 km2) (21). The annual loss of soil is
estimated a to be 2,000 - 2,500 tons km-2 (22). The main reasons for the soil erosion

on the Loess Plateau are drought, heavy rain in the summer, steep terrain, loose soil
and sparse vegetation (23). In this environmental context, over-exploitation and
unsustainable agricultural practices included by population growth, such as farming
on steep slopes, deforestation, overgrazing, has led to severe ecological
degradation. The lost in ecological function of water conservation has led to further
erosion (6, 23) and decrease of fertility (24-25). According to the Loess Plateau forest
distribution map in diﬀerent historical periods, the coverage of forest declined from
53% (770B.C. ~221B.C.) to 42% (221B.C. ~A.D.8), to 32% (A.D.618~A.D.279) and to 4%
(A.D.1386~A.D.1911) (26). Some species disappeared with the destruction of
vegetation by human activity over nearly 600 years (27).
Ecological degradation exacerbated the impoverishment of people living in the
Plateau. According to 2008 statistics, the total population of the Plateau was 108
million, of which the rural population was 73.33 million (17). The population density
of the Plateau was 167 people per square kilometer, equivalent to 1.229 times of
the national average. The GNP of the area was 1.85 trillion RMB, and rural per capita
net income was 3,196 RMB (17). In 2001, the State Council approved a national
poverty alleviation and development plan for 592 counties, of which the Loess
Plateau region accounted for 115 counties (17). In order to survive, people have to
reclaim land, and as a consequence, enter a vicious cycle of ‘the poorer, the more
cultivated; the more cultivated and the poorer.’ Therefore, how to reduce soil
erosion, and improve the quality of soil and environment, is a task that must be
confronted and solved in the Plateau.
3 Four ecological engineering constructions on the Loess Plateau
Residents and governments have made tremendous eﬀorts to reduce soil erosion in
the Plateau region, promote ecosystem restoration and reconstruction, and
promote a comprehensive development of agriculture, forestry and animal
husbandry.
Through an accumulated wealth of experience, the major ecological projects include
terracing, construction of a check dam, small watershed management, and Grain for
Green
project (Returning farmland to forest and grass). These projects and valuable
experience have played important roles in promoting sustainable development in
the region.
3.1 Terrace
Terrace is a kind of farmland built on a hill, which in general is divided into four
types in the Plateau, namely sloping terrace, interval terrace, ﬂat terrace and backslope terrace (Fig. 3) (28). Terrace in the watershed of the Yellow river has a long
history. There is terraces dating documented and veriﬁable, back to the Ming and
Qing dynasty (1368~1840), and there are hundreds of thousands of terraced
hectares of historical legacy. After the founding of New China, governments of all
levels have paid attention to the construction of terrace over the last 60 years.
Before 1958, the terrace was mainly built on the hill; after 1958, mainly constructed
as level terrace, and since 1990, mechanized level terracing has been adopted and

construction eﬃciency was greatly improved (29). The statistics of 2008 showed that
the area of terraced landscape on the Plateau covered325.6x104 ha, accounting for
22.33% of the total arable land area (1458.159x104 ha) in the Plateau (17), and it is
expected that over the period of 2010~2030, 260.8x104 ha of land will be terraced
(17).
Terracing is the primary step for farming on the Plateau. Terraced slope can be
altered to reduce the slope length and increase rainfall inﬁltration rate, enhancing
soil water storage, improving the eﬃciency of water and nutrient use (4, 6, 30-32).
From 1951 to 1995, retention of water of the Yellow River basin by terrace reached
19 billion m3, which accounting for 23.4% of the total storage capacity of soil and
water conservation (81.27 billion m3) (29).
A large number of tests have shown that terraced water eﬃciency and soil
conservation beneﬁt could have attained 86.7% and 87.7%, respectively (Table 2).
Eﬀects of water and soil conservation by terraces have a very close relation with the
precipitation. For example, when the single rainfall integrated parameters, annual
rainfall and ﬂood ﬂow rainfall were less than 2010 mm2/min, 350 mm and 125 mm,
the beneﬁts of the soil and water conservation by the terraces could reach 100%
(33-34). For example, when the rainfall synthesis parameter PI, rainfall in ﬂood
period, annual rainfall of runoﬀ generation were less than 20.0 mm2/min, 350 mm
and 125 mm, respectively, the beneﬁts of the soil and water conservation by the
terraces could reach 100% (34). However, the conservation beneﬁts of terraces
would be lower when rainfalls were larger.
Terrace level also aﬀects the quality of soil and water conservation.
The terraces on the Plateau may be divided into three quality categories according
to their soil and water conservation beneﬁts (35). Category 1 is best quality, in which
soil and water conservation beneﬁts are 87% and 90%, respectively; Category 2 is
good quality, the both beneﬁts are 82% and 85%, respectively; Category 3 is poor
quality with both the beneﬁts of 76% and 78%, respectively (35). The construction of
terraces greatly increased crop yields (Table 3) (36,37,38). Terraces not only increase
conventional crop yields but also accelerate the development of cash crops,
including vegetable, fruit and potato production on the Plateau, and increase per
capita income (Fig. 4) (37). Due to agricultural development on terraces, the
population carrying capacity of the Plateau also increased from the 148 people/km2
to 374 people/km2 (37). The construction of terraces also provides convenient
conditions for the optimization of farming technology and has a profound impact on
regional sustainable development.
3.2 Check dams in the Loess Plateau
A check dam is considered the most eﬀective way to reduce soil erosion in the river
(39-40).
Soil erosion in the Plateau is mainly derived from the slopes and river banks. In the
loess gully region, the proportion of the total sediment deposited from the river
banks is 90%, i.e. 9 times the amount deposited from the slopes (41-43).The check
dam blocks the transport of sediment to the downstream area and collecting the

sediment. The check dam raises the base level of slope’s bottom, reduces the soil
erosion, and eﬀectively prevents the soil of cutting. The check dam prevents the
gully bank’s erosion. Check dams block the sediments eﬄux from slopes area to the
gully area (44).
Dams have a history similar to that of the terraces, dating to the Ming Dynasty.
Renowned water resource expert, Li Yizhi, who advocated the ‘Gouxu’theory to
manage the Yellow River, and introduced check dams as part of a strategy to govern
the River. In 1945, China invested in the ﬁrst ‘government-run’ check dam (29). Since
1949, the construction of check dams has reduced the water and soil loss of the
Plateau (45-46). In the last 50 years of the 20th century, more than one hundred
thousand of check dams have been built in the Plateau (5). In 1983, the ‘Key
conservation of soil and water in the Gullies’ project conducted a three-year
experiment to develop appropriate planning, and technical speciﬁcations and
regulations (Table 4) (44). Since the implementation of this ‘Key Gully Plan’ in 1986,
1,118 of check dams were established since then till 1999 on the Plateau (45).
However, it is expected to take another 100 years to complete the remaining
construction of approximately 130,000 check dams (5).
Dams constructed in the Yellow River region (1951~1952) held back 9.6 billion m3 of
water accounting for 11.8% of the total impeded by conservation measures. The
eﬀect of intercepted sediment and reduced runoﬀ is closely related to the height of
each check dam. According to the statistics of 4,877 check dams, those with heights
of 5~10, 10~15, 15~20, 20~25 and 25~30m, had sediment interception eﬃciencies of
13.5%, 27.9%, 38.3%, 42.0% and 48.4% respectively, and eﬃciencies of runoﬀ
reduction of 1.97%, 4.63%, 7.26%, 6.37% and 7.73%, respectively (33).
Check dams have become a unique characteristic of the Chinese Loess Plateau.
They play an important role not only ecologically, but also in grain yield. Dams
produce high fertility and soil moisture (5, 47). Grain output is typically increased the
by 8~10 fold (5, 41)and even up to 16 fold (48) that of the hilly farmland. Planting
around 1 ha of dam is equivalent to planting on 2~3 or 5~6ha of terraced slopes
(48).
A study of the World Bank Loan Project for Yan River Watershed Management (1994
to 1996) showed that the input rates of dams, terraces, irrigated agricultural land
were 3.3, 2.4 and 4.2 times that of hilly land, respectively, while their net beneﬁts
were 12.8, 5.1 and 13.2 times that of the inclined land, respectively (29).
Although the check dam has a signiﬁcant role in reducing gully erosion and
increasing agricultural production, it is still controversial. Four reasons are for this
point. (1) Check dam construction requires a substantial investment in ﬁnancial and
human resources. (2) Due to insuﬃcient funding, the construction quality of a
majority of check dams is poor, so the collected sediment is unlikely to prevent
ﬂooding and may even exacerbate soil erosion. Owing to this poor quality, following
a prolonged drought, in 1977 and 1978 they were subject to frequent rainstorms,
and it was estimated that more than 80% of the dams were destroyed (5), leading to
fulminant and serious soil erosion. (3) Following dam construction, agricultural

production is facing enormous challenges. Because of poor drainage of new
farmland near dams, nearly 33.3%~50% of the dams in northern Shaanxi and
western Shanxi suﬀered from salinization, causing grain losses of 50 million kg. (4)
The long-term ecological impact and role of this large-scale human check dam’s
intervention in the Plateau is unclear (5). Therefore, the large-scale promotion of
check dam construction needs careful consideration from engineering, technical
and ecological angles for farming. In more recent times during China's economic
development, the materials and techniques of check dam construction have been
developed considerably and can eﬀectively prevent storm erosion. Nevertheless,
check dam construction requires a lot of human resources, and it continues to be
an enormous ﬁnancial burden (49).
3.3 Integrated management of small watersheds in the Loess Plateau
The integrated watershed control of soil erosion is a summary of long experience,
and lessons learned.
Early comprehensive treatment of watersheds was applied in many countries during
the 19th century (50-52), and proved to be a practical technology which could
reduce soil erosion and enhance ecosystem resilience (53). The integrated
watershed system is considered a small watershed as a unit, according to the
characteristics and patterns of soil erosion, local conditions, farmland fortiﬁcation,
engineering measures taken, plant measures combined with agricultural technical
measures, comprehensive management of landscape, farmland, forest and roads,
rational use of rainwater and land resources, optimizing structure of agriculture,
forestry and animal husbandry (23).
There are more than one million small watersheds in Yellow River Region, and each
watershed is from a whole geographical unit, where the generation of sediment
transport from a small basin. There is a need to consider all of the major factors
controlling soil erosion for ‘integrated watersheds’. These include farmland
construction, commercial forestry, fuel, protection of woodland planting, soil
conservation, adjustment of agricultural structure and needs of local people (23). It
combine reduction of soil erosion with local economic growth, applying a variety of
eﬀective ecological engineerings (terracing, check dams and soil reservoirs) and
environmental management techniques (contour farming and straw mulch) (5).
These measures started in the 1980s, coordinated the ecological restoration and
increase of productivity (54). By 2000, these projects have been carried out in more
than 5 000 basins (5). The CAS Institute of Soil and Water Conservation and other
relevant organizations in Shaanxi Province have built 5 models, and 11
comprehensive management demonstration areas, achieving good economic and
social beneﬁts. The total loss of soil in 11 typical watersheds reduced by 50%~90%,
and crop yields increased signiﬁcantly.
Nevertheless, the implementation of integrated small watersheds in the Plateau
presents problems. First, this project will require substantial external ﬁnancial,
material and human resources (5). Second, there are more than a million small
watersheds in the Plateau that has been costly. Thus, although small watershed

management in the area has gained remarkable success, it has been too slow to
relieve environmental deterioration. Thus, at present the ecological status of the
Loess Plateau is still deteriorating overall, despite some ‘partial improvements’ (55).
3.4 Grain for Green project
Grain for Green project is a large ecological engineering aiming at ecological
restoration and soil erosion reduction in China (56).
According to regulations, the farmland in slope with the gradient >25° for southwest
and >15° for northwest in China, respectively, should be replaced with grasses and
trees. Farmers participating in the project receive grain, treeing seedlings, grasses
seeds and cash as compensation provided by the government (57).
The pilot project of Grain for Green was carried out in 1999 in Sichuan, Shaanxi and
Gansu provinces, and formal project began from 2002. The project involved 25
provinces and 1897 counties in China. Till now, Grain for Green project is an
ecological engineering with strongest policy and became the world's largest
ecological engineering (56).
Grain for Green project has changed the local employment and income structure
(58). For example, in Wuqi County, the proportion of the labor force engaged in the
cultivation before the ‘Grain for Green project’ was 87.82% in 1998, fell to 19.16% in
2006 (58).
The proportion engaged in animal husbandry raised from 6.3% to 24.6%, but there
´s a signiﬁcant decline in herd sizes, because the grazing leads to higher costs of
feeding and raising forage shortages. The main labor reduced from agriculture
moved to the relatively high income industries such as building construction,
catering, transportation and other non-agricultural industries. After returning
farmland, the compensation income becomes the main source of income of local
farmers, followed by families operating income and subsidy of returning farmland
to forest, the ratio were 48.31%, 27.39% and 24.30%. The grassland area increased
20.3%, the forest area increased by 13.786 times (58).
The main three factors guarantee the successful implementation of Grain for Green
Project are. The ﬁrst one is government's high-handed policy, there’s a huge
investment for this project. The second is the rapid development of China's
economy and urbanization; this provides an opportunity for farmers who migrate to
cities, they can get a higher income than farming at home, the land is no longer their
main income source. The third is great progress of dryland agriculture technology; it
provide a guarantee to achieve enough food and higher economic beneﬁt in limited
lands (59). According to the project plan, the government subsidies of Grain for
Green project will end in 2018 (60). Thus, although the sustainability of Grain for
Green Project remains to be seen, but on the whole, it ought to help keeping the
vegetation coverage, rural industrial structure adjustment, in order to promote the
ecosystem reconstruction and sustainable development (60).
4 The development of dryland agriculture in the Loess Plateau
4.1 The signiﬁcance of dryland agriculture
Dryland Agriculture is the main system, charged with the task of self-suﬃciency in

the Plateau (42, 61).
Since China's central government implemented the grain-for-green project in the
plateau in 1999, the cultivated land area declined by 10.1% from 1996 to 2007,
including a dramatic decline of 15.15% from 1996 to 2003 (62). From 2003 to 2007,
the cultivated area increased by 5.95% compared with that in 2003. Between 1996
and 2007 grain productivity decreased by 3.76%, a lesser decline than that of the
cultivated area (62). A dramatic decrease of total grain production in Loess Plateau
was about 8.73% from 1996 to 2003, whereas between 2003 and 2007, grain
production increased by 5.45% over that in 2003, owing to an increase in the area
cultivated (62). In Gansu province, following the Grain-for–Green project, total grain
yield, the grain yield per unit area and the grain yield per capita all increased fairly
uniformly (Fig. 5). The improvement of dryland tillage techniques increased output
per unit area (63-69).
Despite China’s grain production policy, it was planned to restore the ecology of
western China while the price of grain fell (70). However, any change in grain
production through implementation the policy should include local self-suﬃciency
(62), as the people of the Plateau were very poor (42). The Grain-for-Green project
provides Government subsidies as a main income source for each farm household
but only until 2018. An investigation of livelihoods indicates that 37.2% of farmers
may re-cultivate the ‘returning land’ in the Plateau (8). Therefore, improvement of
dryland agricultural techniques relates to both regional and China’s food safety, to
the livelihood of local people, to the past achievement of Grain-for-Green Project
and to the ecological restoration of the Loess Plateau.
4.2 The development of dryland agricultural techniques in the Loess Plateau
The key to dryland agriculture is utilizing limited rainfall eﬃciently (71).
In a typical semi-arid region of the Plateau, the precipitation over farmland
distributes as follows: evaporation loses 50%~60% of rainfall; plant transpiration
used 30%~40% rainfall; and about 10% rainfall lost as runoﬀ or by other routes (72).
The annual precipitation over the entire Plateau is about 3000 billion m3, which is
equivalent to ﬁve times the amount needed in this area (72). Water-harvesting ecoagriculture is the main tillage mode to increase the eﬃciency of use of precipitation
in the semiarid Loess plateau (73).
A series of tillage techniques are designed for rainfall harvesting at minimal cost.
These techniques are successful examples for improving grain productivity in
dryland of developing countries (74). The system is based on traditional terraces
and horizontal trenches to gather precipitation. Either the rainwater is gathered into
a underground cistern to supplement irrigation at the critical period of crop growth,
or the rainwater is drained into the crop planting zone by the rainwater harvesting
surface, e.g. a plastic ﬁlm mulched ridge-furrow system, which can enhance the
water supply in plant growth zone (75-77). The technique can improve rainfall
utilization eﬃciency in dryland.

4.2.1 Limited (supplementary) irrigation technique of the dryland Loess Plateau
Supplementary irrigation was mainly due to the farmer’s requirement of low cost
and a growing shortage of ground water resource (78).
Limited irrigation achieved good results in the Midwest Great Plains in the U.S.,
where the rainfall is about 480mm annually.
Experiments showed that continuous cultivation of dryland is possible when limited
irrigation (about 150mm) is carried out at the critical stage of a crop’s water
requirement.
Grain production could be increased by over 60%, and water eﬃciency doubled
compared with an adequate irrigation treatment (78). In China, according to the
local situation, some expert deﬁned the limited irrigation as ‘according to the
amount of available water resource in local area and water requirement of local
crop, the manager conduct the lowest water supplying based on the natural rainfall
condition’ (72). In the hilly region of the Plateau, the irrigation water relies mainly on
rainfall. Underground water tanks can be established to collect rain and provide
supplementary irrigation at the critical stage of crop growth.
In Gansu province, a typical semiarid region of the plateau, a so-called ‘121’
rainwater harvesting project had been initiated by the local government in 1995.
The government supported the construction by each household, one area for water
collection, two storage areas and one to plant cash crops (71).
This project has successfully provided drinking water for 1.3 million people and their
1.18 million livestock. In 1997~1998 a rainwater catchment and irrigation project
was instituted to provide supplemental irrigation water with a highly eﬃcient
method. This produced higher crop yields (79-80) and full utilization of natural
rainfall to support dryland agricultural with water-saving irrigation (from 1997 to
2010).
The system of water-harvesting has been greatly improved developed a new watertank system with low cost speciﬁcally for the semiarid Loess Plateau (81).
Meanwhile, the water-harvesting technique was used together with micro-irrigation,
increasing the crop’s water use eﬃciency (34, 82). In addition, a simple
supplemental irrigation, with low cost such as wet sowing and hole irrigation with
mulching, could further improve the crop water use eﬃciency (71). Nevertheless,
limited irrigation could not be used widely for grain crops in the semiarid Plateau,
because of the small quantities of rain collected and the high cost of establishing
the system (80). In order to beneﬁt from the cost of an increase in supply of
unavailable water, it is recommended that supplemental irrigation should be used
mainly for cash crops, e.g. potatoes and other vegetables.
4.2.2 Ridge-furrow mulching technologies in the Loess Plateau
Ridge-furrow mulching technologies (RFMTs) were proposed and innovated by a
local research worker in Gansu province (83).
In the central area of the Plateau in Gansu province, the yields of wheat, oat, potato
and pea are low and unstable (the spring wheat yield is 2,250~3,000 kg per ha). In
order to improve farmers’ livelihoods, RFMTS are used to extend planting of maize

in the semi-arid Plateau. These RFWHS are based on the concept of gathering and
using rain in-situ (Fig 7). By modifying the micro-topography of farmland, limited
rainfall is retained in the furrow- the location of the crop root zone. Rain is
redistributed in space at the ﬁeld level (84). It is an innovative technique for
boosting crop productivity in semiarid rain-fed environments (85).A ﬁeld is
cultivated with a wide ridge and a narrow ridge (‘double ridge’) before spring or
autumn sowing, and then the entire soil surface is covered by plastic ﬁlm. The seeds
are sowed in the furrow between broad and narrow ridges (Fig.6).
Maize grain yield on RFMTS could reach 7 500~9 000 kg ha-1, higher than other
traditional crops, e.g. wheat, oat, pea and maize without ﬁlm covering (86). RFMTS
increase maize yield by 30%~90% compared with normal cultivation (86), and wheat
yield by 100%~150% (75). In the cooler region of northwest China, maize cannot
attain reproductive development in time to produce a viable cob, but with a plastic
ﬁlm mulching the crop can be planted earlier and it emerges earlier so that
reproduction is not compromised (67, 86-87). The increased quantity of maize straw
assists local livestock breeding (88) and reduces grazing pressure on natural
grassland. As a consequence of the tremendous increase in yield, the areas over
which RFMTS are used has gradually increased, and they have been adopted for
crops such as wheat and potato (89-91).
From 2008, use of RFMTS has been extended by the Ministry of Agriculture to
Qinghai, Inner Mongolia, Ningxia, Shaanxi and Shanxi provinces.
Through long-term research and practice, the best ratio of ridge, furrow and plastic
covering time has been determined for various climates, soil types and crop water
requirements (84, 92-93). Increased yields with RFMTS should be attributed to three
factors: (1) inhibiting water evaporation from the soil surface and increasing soil
water content during critical stages of crop growth by the plastic ﬁlm mulching
(67,83,85); (2) increasing soil temperature, and hence accelerating seedling
emergence and early growth in cooler locations (85, 94) and (3) improving soil
nutrient availability, especially nitrogen (81). RFMTS contribute to rain use and crop
yield where the annual precipitation is in the range of 230~440 mm (95).
RFMTS increase crop yield but with excessive soil utilization (96). As a result of
increased soil temperature and moisture content, soil microbial C and N biomass,
soil enzyme activity, soil respiration rate and nitrogen mineralization rate are all
increased (92, 97-98). Thus, Li et al (99) reported that in an upland rice system soil
organic matter and total N could be reduced by 8.3%~24.5% and 5.0%~22.0%,
respectively, with ﬁlm covering in contrast to that without the ﬁlm. Therefore, it is
proposed that the application of RFMTS should be combined with increasing soil
organic matter content (100). The ‘white’ pollution (plastic mulching waste) has led
to dispute in dryland application of RFMTS. A few studies have focused on the eﬀect
of plastic ﬁlm residues on crop yield and soil quality. It is estimated that about 45kg
ha-1 yr-1 of plastic ﬁlm residues occur. We conducted a pilot ﬁeld experiment with
10-year, 30-year and 60-year accumulative residue of plastic ﬁlm in Zhonglianchuan
and Xiaguanying, Yuzhong County, Gansu province. The corresponding amount of

plastic ﬁlm residue was 450kg ha-1, 1,350 kg ha-1 and 2,700 kg ha-1, respectively.
The ﬁlm was shredded and incorporated into the ﬁeld. The preliminary result
showed that this residue has no signiﬁcant inﬂuence on maize yield in contrast with
the treatment without ﬁlm incorporation (Table 5, unpublished data). But further
research should be conducted on the eﬀect of ﬁlm residue on crop yield and soil
quality over extended periods.
5 Conclusions
The two key driving forces of ecological degradation in semi-arid areas of the world
are nothing more than climate change and unsuitable human activities.
Climate change has resulted in drier and warmer in the Loess Plateau. This leads to
a decline in vegetation and then to a series of environmental issues. Unsuitable
human activities implies that in order to increase food production or land income
for ridding the local poverty, the people have to cultivate and over-graze more land,
which results in damage to sustainability of the ecosystem, and then in its further
degradation. Ecological degradation enlarges the gap between demands of local
people and ecosystem services. This leads to further aggravated predatory land
reclamation, and a vicious cycle of ecological degradation occurs.
The primary way to overcome the ecological problems is to increase unit land
productivity so that a fewer area of cultivated land meets the needs of the local
population. This procedure alleviates the ecological pressure, providing the space
for its ecological restoration.
The Loess Plateau Region is a unique area with an historic accumulation of loess.
Excess land reclamation and
over-grazing for food production resulted in an extensive environmental
degradation, causing widespread poverty that has plagued the local government
and people for many decades. Since P R China was founded in 1949, the Central
Government and social organizations have paid much more input to the
development of the plateau, and taken a series of measures including the
application of ecological engineering and improvement of agricultural techniques.
However, this region was still impoverished and ecological deterioration continued
before the turn of the new century.
From the year 2000, dryland farming productivity on the plateau has increased
signiﬁcantly and livelihood greatly improved with the farming development of new
techniques of high rainfall use eﬃciency. Meanwhile, the progress of China’s
economy has promoted a rapid urbanization and more and more local young
residents move to cities to ﬁnd jobs. Both movements are the main driving forces to
land use change and ecological restoration. The local people can use less land than
before to feed themselves and improve their living standard. A greater area has
been returned to grassland or natural vegetation. The area of vegetation has
increased while the climate has become drier and warmer.

The change of the pattern of land use shows a new promise for the Loess Plateau,
and it contributes to the strategy of “large land for ecological restoration and small
land for farming production” in the Loess Plateau. However, there is still a long way
to go for dryland farming development of the Plateau owing to uncertainty and
future challenges of climate changes. More research and further positive measures
should be taken to establish new complex ecosystems and realize the harmony of
production and environment in the context of climate change.
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Figures

Figure 1.
Figure 1. Maps showing location and coverage of the Loess Plateau

Figure 2.
Figure 2. The distribution of mean annual isohyets from nearly 830 mm in the southeast of the
Loess Plateau to nearly 100 mm in the northwest in 1957-2009 (Wan et al., 2013)

Figure 3.
Table 1. The variations in annual precipitation (mm) in diﬀerent decades across the Loess
Plateau, China (Wan et al., 2013).

Figure 4.
Figure 3. Diagrammatic map of four types of terrace in the Loess Plateau

Figure 5.
Table 2. The beneﬁts of soil and water conservation of ﬂat terrace on the Loess Plateau (Wu et
al., 2004).

Figure 6.
Table 3. Crop production and increases compared with yields in sloping ﬁelds >10o on terraced
land constructed in diﬀerent years (Liu et al., 2011).

Figure 7.
Figure 4. Farmers income per capita (Yuan) during 1985-2005 in Zhuanglang County, Gansu
Province, China. (Construction of large-scale terracing across the entire Zhuanglang County
started in the 1960s, and in 1998 almost the entire county was terraced. The terraced ﬁelds
accounted for 95% of the total arable land) (Liu et al., 2011).

Figure 8.
Table 4. Scheme for the check-dam systems, including numbers of key projects and check dams
in the Loess Plateau (Huang, 2000)

Figure 9.
Figure 5. The dynamics of total area of cropping land (104 ha), total grain yield (107 kg), grain
yield per hectare (102 kg ha-1)and grain yield per capita(kg Hd-1) in the dryland area of Gansu
Province (from 1993 to 2011, which included the Yuzhong County, Huining County, Tianshui
region, Pingliang region, Qingyang region and Dingxi region) (the data are from Gansu statistical
yearbook).

Figure 10.
Figure 6. Sectional view in ridge–furrow rainwater-harvesting system (RFRRH).

Figure 11.
Table 5. The eﬀect of plastic ﬁlm residue into soil on maize production (kg/ha) (unpublished data
from Li’s group of Lanzhou University), modeling after 0 to 60 years by F0, F10, F30, F60,
measured during two years (2012, 2013)
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