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Low vegetation coverage and irrational land use are regarded as two main factors in influencing soil loss. In order to
improve vegetation recovery and to adjust land use pattern on the Loess Plateau, the data of precipitation, net
primary productivity of vegetation, and eco- water requirement of main crops of key counties on the Loess Plateau
are used in this paper. The concepts of utilization/adaptation capability of eco-water requirement are used and
plotted against mean annual precipitation in the 1960s to 1990s for vegetation and crops, respectively. Results
demonstrate that in the regions with lower than 400, 400 to 510 and over 510 mm precipitation, the grass/shrub,
grass/shrub/forest and forest fit to be planted, respectively. For crops in the regions with less than 300, > 310, > 450
and > 510 mm precipitation, Kaoliang and glutinous, millet, winter wheat, and maize are satisfied, respectively.
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INTRODUCTION

Loess Plateau accounts for more than 40% of the territory
in the Northwest region of China, soil erosion of which is

amongst the highest (about 100 t ha™ year'l) in the world
(Douglas, 1989; Tang et al., 1991; Pimentel, 1993;
Derbyshire and Wang, 1994; Walling and Webb, 1996;
Xu, 1999; He et al., 2006). Poor vegetation cover and
irrational agricultural pattern are regarded as two main
factors in influencing soil erosion in this region (Fu, 1989;
Fu and Gulinck, 1994; Jiang, 1997; Chen et al., 2003;
Zhang et al., 2004). Previous studies indicated that
vegetation coverage is one of the important factors in
controlling soil loss, and the amount of soil erosion
decreases dramatically with the increase in vegetation
coverage on the Loess Plateau of China (Shi and Shao,
2000; Zhang et al., 2004; Liu et al., 2005; Zhou et al.,
2006). Van Dijk et al. (1996) found that appropriate
measures of afforestation can reduce soil erosion by 40
to 60%. Hawley and Dymond (1988) reported that 100%
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tree cover reduces storm damage and landslides at least
70%. In Utah and Montana, as the amount of ground
cover decreases from 100% to less than 1%, erosion
rates increases by approximately 200 times (Trimble and
Mendel, 1995; Pimentel and Kounang, 1998). Agriculture,
as a principal economic activity on the Loess Plateau
region (Zhang et al., 2004), increases with increasing
population and farmland reclamation after the establish-
ment of the People’s Republic of China, which results in
the acceleration of deforestation and tillage of grassland
leading to larger soil erosion (Uri, 2001). In order to
control soil erosion, the Chinese government, aided by
the Chinese Academy of Sciences (CAS), formulated
new ambitious policies about the Loess Plateau in 1999
to reduce farmland area (Hessel et al., 2003), and the
fields above a certain slope degree should be changed
from farmland to other uses to improve vegetation
coverage (Hessel et al., 2003). Some studies also
pointed out that the better-protected soil is beneficial to
make vegetation recovery easier and to make the rain-fed
agriculture sustainable development (Pimentel and
Kounang, 1998; Chen et al., 2003; Zhang et al., 2004).
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Figure 1. Map showing the study area. The dashed lines are boundaries between climates; A is arid climate, SA is semiarid climate, SH
is sub-humid climate and H is humid climate. The boundary lines between humid, sub-humid, semi-arid, and arid climates are shown as
isolines of the dryness index 1.0, 1.5, and 4.0. (modified from Xu, 2005).

Studies aforementioned indicate the importance of
vegetation recovery and the adjustment of land use
pattern in controlling soil loss on the Loess Plateau.
However, papers on recovering vegetation and land use
pattern adjustment on the Loess Plateau are scarcely
documented. Therefore, the objectives of this paper are
to direct the construction of vegetation recovery on the
Loess Plateau and to adjust crop plantation pattern and
composition in this region.

METHODOLOGY
Description of study area

The Loess Plateau of China, approximately 34 to 40°N, 110 to

115°E, 1000 to 1500 m asl, has an area of 285.9 thousand km?
covering arid, semi-arid and sub- humid climate (Xu, 2005). The
mean annual precipitation varies from 200 to 700 mm in the
northwest to southeast direction, most of which occurs during June
to September (Yang and Shao, 2000). In the same direction, natural
vegetation types vary from arid desert, steppe to broad -leaf
deciduous forest. A thick loess mantle covers the study area, and
the grains size of loess becomes thinner categorized as eolian
sand, sandy loess, typical loess and clayey loess from the
northwest to southeast. Figure 1 is a Map showing the study area.

QUANTITATIVE INDICES AND DATA SOURCES

To quantitatively express the eco-water requirement of vegetation in
the study area, apart from annual precipitation, some indices are
introduced. Then, the relationships between these indices and
precipitation are studied, thereby revealing the amount of eco-water

requirement of vegetation and crops, and to guide the work of
vegetation recovery and land use pattern adjustment on the Loess
Plateau.

To test the water utilization status of vegetation to the
precipitation in the study area, the concept of utilization capability of
precipitation by vegetation (U) is used which is defined as net
primary productivity (NPP, in t-ha'l-year'l) of vegetation divided by
precipitation given in t-ha ~-year mm™.

U=NPP/P ()

Water is a decisive factor affecting the vegetation growth.
Therefore, the change of vegetation eco-water requirement change
is defined as Q expressed as follows:

O=Unw/U, =(P,- NPPy) /(P - NPP,) (2
where, Ur, NPPr and Pr are utilization capability of precipitation by
vegetation, net primary productivity, and precipitation in reference
stage (before 1970s), respectively; Un, NPPn and Pn are utilization
capability of precipitation of vegetation, net primary productivity, and
precipitation since 1970s, respectively.

Adapting capability of eco-water requirement of farm crop (W) is
defined as the ratio of natural precipitation to that of the farm crop in
its growing term, expressed as follows:

W= P/ Py ©)
where, Ps, the amount of precipitation in the growing stage of farm
crop, and Px, the amount of water requirement for crop in its
growing stage.
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Figure 2. Relationship between mean annual precipitation and (a) net primary production (NPP), and (b) vegetation adaptation capacity of

eco-water requirement.

The data net primary production (NPP) used herein are from Zhu
(1993), who proposed a modified method to estimate NPP, and
calculated the NPP values for ca. 300 counties on the Loess
Plateau. Detailed calculating way sees the study by Zhu (1993).
The precipitation and the amount of water requirement for crop in its
growing stage ( Px) in this paper are from Integrated Scientific
Research Team of Loess Plateau of the Chinese Academy of
Sciences (1992).

The effects of precipitation and net primary production on the
amount of eco-water requirement of vegetation and crops were
analyzed using two-way ANOVAs in the treatments. Differences
among means were assessed using Tukey’s studentized range test.

RESULTS AND DISCUSSION
Vegetation construction

In reference stage (1960s)

Water is a decisive factor in respect of the primary
productivity power of vegetation. Figure 2a shows a non-
linear relationship exists between net primary productivity
and means annual precipitation on the Loess Plateau.
The table demonstrates net primary productivity of
vegetation improves exponentially with increasing mean
annual precipitation indicating the bio-natural zone must
be accordance with natural precipitation (Liu et al., 2005).

According to the study by Chen et al. (2005) in the
region on the Loess Plateau where precipitation is less
than 400 mm, grass and shrub are appreciable; the
region where precipitation is between 400 and 530 mm
belongs to transition zone from grass/shrub to forest, and
forest is appreciable in the region where precipitation is
over 530 mm. Figure 2b demonstrates almost the same
result as that by Chen et al. (2005). Utilization capability
of precipitation by natural vegetation (U) increases
abruptly with precipitation increase within 400 mm, slowly
with 400 to 510 mm precipitation, while a little decreasing

trend when precipitation is over 510 mm (Figure 2b).

Water is a crucial factor in determining vegetation
growth on the Loess Plateau. He et al. (2003) pointed out
mass mortality of infant plants or even mature trees in the
artificial forest due to water deficit. The water deficiency
for vegetation is, first because of less precipitation, which
can not be changed by human power and the second
reason, is the irrational figuration of grass/shrub/forest.
Microscopically, the figuration of the three kinds of
vegetation should firstly adhere to bio-climatic zone rule.
Combined with the study by Chen et al. (2005) and
Figure 4, in the region where the precipitation is lower
than 400 mm, grass/shrub are appreciable; in the region
where the precipitation ranges from 400 to 510 mm, the
adaptation capability of vegetation changes little, and the
precipitation satisfies the water requirement of grass and
shrub; in the region where precipitation is over 510 mm,
forest is suitable to plant. Secondly, afforetation is also
subjects to the different location vertically in a given
catchment (Kimura et al., 2005) . Thirdly, the selection of
anti-arid grass/grass/forest type and the management for
them also determine the vegetation recovery on the
Loess Plateau. Because the growth of vegetation on the
Loess Plateau mainly depends on the natural precipita-
tion, to prevent and control soil erosion rational figuration
of grass/shrub/forest is very important on the Loess
Plateau.

Current stage (1970s to 1990s)

Regarding the utilization capability of eco-water require-
ment (U) in 1960s as reference value unit (Q = U in
1960s), the Q values in the 1970s to 1990s for the key
counties on the Loess Plateau are plotted in Figure 4,
which demonstrates that the Q values in the 1970s are
less than unit indicating water deficit appears comparable
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Figure 3. The relative changes of adaptation capacity of vegetation
since 1970s to that in the reference term (1960s).

to those in 1960s, and the status of water deficit is up to
the greatest in the 1980s, though Q values in the 1990s
present a little increase compared with those in the
1980s, almost all the Q value spots is still less than unit.
Figure 4 tells us the reduction of precipitation leading to
the water deficit for vegetation since 1970s is a crucial
cause of lower living ratio of the planted grass/shrub/
forest on the Loess Plateau.

Figure 3 shows the relative changes of adaptation
capacity of vegetation since 1970s to that in the reference
term (1960s).

Crop eco-water requirement

Foxtail millet, glutinous millet, maize and Kaoliang are the
main food crops; the sown area of which occupy 50% of
the total area of food crops, and 90% of them are sowed
on the arid land (Yang and Yu, 1992). Statistical data of
the 36 key counties on the Loess Plateau shows that the
adaptation capacity of eco-water requirement (W) of
millet sown in summer, maize sown in spring, winter
wheat and winter wheat interplanted with maize all
positively correlate with precipitation in their growing
stage. Furthermore, millet sown in summer in almost all
the key counties is mostly satisfied with its eco-water
requirement by natural precipitation (W 1); other crops,
like winter wheat, maize sown in spring and winter wheat
interplanted with maize sown in spring can not be
satisfied with eco-water requirement, and the adaptation
capability of eco-water requirement of maize sown in
summer is the smallest one for the crops. Figure 4 and
Table 1 shows millet sown in summer fits to be planted in
the regions where precipitation is over 310 mm. Winter
wheat fits to be planted in the > 450 mm precipitation
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Figure 4. Relationship between mean precipitation and
adaptation capacity of eco-water for main crops on the Loess
Plateau.

regions, and maize in the > 510 mm precipitation regions,
while winter wheat interplanted with maize in the > 480
mm precipitation regions. According to the study by Yang
and Yu (1992), glutinous and Kaoliang should be planted
in the other regions with less than 300 mm precipitation
(Table 1). Figure 4 indicates that almost all the crops on
the Loess Plateau can not satisfy the natural precipita-
tion. Returning farmland to forest and grass or regulating
the agricultural structure in arid sloping farmland is
needed and millet sown in summer is appreciable in over
310 mm precipitation region on the Loess Plateau.

Before 1958, large amounts of soil on the Loess
Plateau were reclaimed for farmland, even on steeper
sloping surface (Chen et al., 2003). For repeatedly tillage,
the steeper farmland can lead to large erosion, and
should be converted to natural vegetation. The irrational
plantation just leads to low productivity per unit area of
farmland with not high total crop outcome. Large amount
of irrational farmland reclamation results in severe soil
loss (Chen et al., 2003). While in the farmland where the
water is enough with not larger slope degree, such as
crops planted on dam-land, the productivity capacity per
unit area farmland is highly improved, which is tenfold of
those of the irrational farmland, and the total crop
outcome is not lower or higher than before. The study by
Zhang et al. (2004) in Zhifanggou catchemt verifies above
viewpoint.

Relationships of vegetation recovery, farmland and
soil erosion

Studies mentioned previously demonstrate the great
contribution of vegetation to fighting against soil loss, and
vegetation recovery, especially on steeper sloping
surface is suggested a good way to reduce soil loss on
the Loess Plateau (Chen et al., 2003; 2004; Zuazo et al.,



Table 1. Eco-water requirement of main crops planted on the Loess Plateau.

Type Millet®  Maize®  Winter wheat”  Winter wheat + maize® Kaoliangb Glutinous”
Eco-water requirement (mm) 310 508 448 480 <300 <300
arepresents data from Integrated Scientific Research Team of Loess Plateau of the Chinese Academy of Sciences (1992), and bfrom Yang and
Yu (1992).
506; plantation were discussed on the Loess Plateau given
450) —#— Total farmland (ha) different precipitation ranges, and the conclusions were
—— Total grain yield (Mg) obtained:
4004
350 1. In the region where the precipitation is lower than 400
mm, grass/shrub are appreciable; in the region where the
300, precipitation ranges from 400 to 510 mm, the precipitation
550 satisfies the water requirement of grass/shrub/forest; and
in the region where precipitation is over 510 mm, forest is
2004 suitable to plant.
156 2. For crops’ plantation on the Loess Plateau, in the
region where precipitation is less than 300 mm, Kaoliang
100 and glutinous should be planted; in the region where

1960 1970 1980 1990 2000

Figure 5. Change of the total farmland area and grain yield
in Zhifanggou watershed (a small watershed of Loess
Plateau) from 1958 to 2000 (Zhang et al., 2004).

2004). Though farmland reduces for some of them are
converted vegetation construction, the improved
productivity capacity per unit area for farmland makes up
for it, and the total crop yield does not decrease or even
increase Figure 5. Farmland is more highly susceptible to
erosion because it is tilled repeatedly, the tense erosion
on which is estimated to be 75 times greater than that
occurring in natural forest areas (Pimentel and Kounang,
1998). Soil erosion makes large amounts of soil loss,
which is regard as a major cause of the deforestation now
taking place throughout the world (Pimentel and
Kounang, 1998). For the soil loss accompanying with
nutrient loss, about 30% of the world’s farmland has
become unproductive and, therefore, has been aban-
doned by humans (Lal, 1990, 1994). So, the higher the
vegetation coverage is, the less the soil is eroded away,
and the higher the farmland productivity capacity
improves.

Conclusions

Poor vegetation coverage and irrational land use are
regarded as two main factors in influencing soil loss on
the Loess Plateau of China, and both of them is to a great
extent determined by precipitation. In this paper, with
derived indices, such as U, Q, and W, and some studies
by others, the vegetation construction and crops’

precipitation is over 310 mm, millet is suggested; winter
wheat fits to be planted in the > 450 mm precipitation
regions, and maize in the >500 mm precipitation regions,
while winter wheat interplanted with maize in the > 480
mm precipitation regions.
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