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Abstract: The Loess Plateau is one of the most seriously eroded areas in the world. This study
determined the effects on runoff, soil loss, and phosphorus loss of six land use systems in
hillslope of the Loess Plateau; farmland, wasteland and four forest treatments (Seabuckthorn +
poplar, immature seabuckthorn, mature seabuckthorn, and immature Chinese pine). Differences
were significant (P<0.05) for runoff and erosion among treatments. Runoff, soil loss, and P loss
occurred mainly during critical period (July). Three of the four forest treatments (Seabuckthorn
+ poplar, immature seabuckthorn, and mature seabuckthorn) were reasonable land uses in
limiting runoff, soil loss, and have the positive impact on the environment. The results indicated
that farmlands over 15° produce more runoff, soil loss, and total P loss, and they should be
reforested.
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1 Introduction

Soil loss in most areas of the Loess Plateau usually measures 5,000 Mg » km™ « yr*—
10,000 Mg * km? » yr™, with amaximum of 20,000 Mg + km™ + yr™*(Chen and Luk, 1989; Jiang, 1997;
Wu and Yang, 1998; Chen et al., 2001). About 1.6 billion tons of sediments per year were delivered into
the Yellow River. Thisislikely to be amajor source of non-point pollution for water contamination of the
Yellow River downstream due to chemical transport (Nelson and Ehni, 1976; Myers et al., 1985). As the
most common land use in the Loess plateau, farming on sloping land contributes most of the sediment
delivered into the Y ellow River (Tang and Chen, 1991; Fu et al., 2000).

As one of the most seriously eroded areas in the world, the Loess Plateau has received a lot of
attention from the Chinese government and internationally (BREST-CAS, 1992;Yang and Yu, 1992; Lu
et al., 1997; Jiang et al., 1997; Wu and Y ang, 1998). In 2000, the Chinese government began to carry out
the Western Development Programme. Control of soil erosion and the development of an ecologically
sustainable environment in the Loess plateau are two important parts of it. At present, the population
density of the Loess Plateau is about 144 persons per kilometer (Wu and Yang, 1998), and the
overwhelming majority is subsistence farmers. Control of soil erosion centers on land management
practices which may affect the daily activities of millions of people. So it isimportant to study the effects
of different land use systemsin the Loess plateau on soil erosion and nutrient 1oss.

Phosphorus is an essential element for plant and its input has long been recognized as necessary to
maintain profitable crop and meet global food requirements (Hedley and Sharpley, 1998; Sharpley and
Tunney 2000). Also, P inputs to fresh waters from agricultural lands can accelerate eutrophication
(Schindler, 1977; NRC 1992,1993; Newman 1995; Nixon et al., 1996; U.S. EPA 1996; Carpenter et al.,
1998). Many existing studies have quantified P losses via runoff and soil loss from specific sources such
as fields varying in tillage and fertility management, buffer strips, riparian zones, terracing, contour
tillage, cover crops, constructed wetlands, impoundments (settling basins), tile drainage, barnyards, and
drainage ways (Jone et al., 1987; Osborne and Kovacic, 1993; Sharpley et al. 1994; Sharpley and Simth
1994; Correll 1997; Cai and Wu, 1998; Chambers et al., 2000, Uusi-Kamppa et al., 2000;). However,
very few studies have compared P losses from various sources under the same conditions (i.e., within a
watershed) and quantified their inputs (e.g. Mass, 1988; Meng et al., 2001). Without the capability to
quantify the importance of P sources, remedia practices cannot be effectively targeted (Sharpley and
Tunney 2000). Therefore information regarding runoff and associated soil and nutrient losses from
different land uses can provide valuable insight into the development of sustainable agricultural systems
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that optimize production and maintain high environmental quality (Thomas et al., 1992). The present
study was designed to address the general need for basic information on the effects of land uses on soil
and nutrient (P) loss and to address the specific need for information about the reasonable utilization of
more steeply sloping land in the Loess Plateau. The objectives of this study were to study the effect of
land use on: (1) runoff and erosion, (2) P loss; and based on (1) and (2), to suggest sustainable land uses
in the hillslope of the L oess Plateav.

2 Materialsand methods

2.1 Sitedescription

Seventeen field plots (5m by 20m) were established in 1992 at An’sai Soil And Water Conservation
Station (36° 41'N, 110° 58'E), An'sai county, Shaanxi province (Fig. 1). All the plots were on calcic
cambisols (FAO-UNESCO, 1974), which is weakly resistant to erosion. In 1997, seabuckthorn in plots 3
and 4 was cut down and the regrowth was used as immature seabuckthorn. To avoid the effects of
position, all plots were established in one line (Fig. 2). They were oriented parallel to the slope and
adjacent to each other, with borders to isolate plot runoff and sediment. A discharge ditch was created at
the top of each plot to control runoff and sediments from the upper slope. At the base of each plot, two
volumetrically calibrated tanks were arranged in series for runoff and sediment collection.

The station is in northern part of the Loess Plateau which has a subarid climate. Mean annual
precipitation is about 473.9 mm (1929—1980), with about 60% falling between June and September
(Fig. 3). The maximum rainfall recorded is 851.0 mm in 1964, and the minimum is 296.6 mm in 1974.
The average annual potential evapotranspiration is 1,556 mm (Shaanxi Province Meteorology Bureau,
1992). The average annual temperature is 8.8°C, and there are 159 frost-free days.

2.2 Treatment and management

Field plots were assumed to represent land uses, and six land use treatments were used in this study,
each replicated twice (Fig. 2). Land use were: Plots 1 and 2: seabuckthorn (Hippophae xhammoides) +
poplar (Populus simonii) (SP); Plots 3 and 4: immature seabuckthorn (Hippophae xhammoides) (1S);
Plots 5 and 6: farmland (FR); Plots 7 and 8: wasteland (WS); Plot 9 and 10: immature Chinese pine
(Pinus tabulaeformis) (ICP); Plots 11 and 12: mature seabuckthorn (Hippophae xhammoides) (MS).
These 12 plots were established at lower slope with a uniform slope of 24°. In order to test different slope
treatments, at the top of the same slope, five plots without replication (plots 13—17) were established:
farmlands at 10°, 15°, 20°, 25°, and 30°.

There was a apparent humus layer in the SP, MS, and IS treatments. Millet with contour tillage was
planted continuously in farmlands. Fertilizer (at N, P rates of 120, and 60 kg/ha) was applied in farmland
prior to planting and mixed into the soil by harrowing.

2.3 Methods

Runoff and sediments were collected in two volumetrically calibrated tanks arranged in series at the
base of each plot. As soon as each erosive event ended, depth of runoff in each tank was measured and
the runoff sampled to determine sediment content, then all tanks were emptied.

Aliquot samples (1L) of runoff were centrifuged at 2,500 rpm for 30 min to separate sediment from
the liquid. The supernatant liquid obtained after centrifuging was sent to analyze P contents in 24 hr.
Settled sediment was air-dried and weighed to calculate concentrations in grams per liter. Samples (250
ml) of rainfall, taken from the recording rain gauge, were analyzed for P contents.

Water samples (including runoff and rainfall sample) were analyzed as follows: after digestion with
K,S,0g, total P was determined calorimetrically. Soil and sediment samples were air-dried, and passed
through 1.0 and 0.15 mm sieves. total P calorimetrically after wet digestion with H,SO, + HCIO,.

Flow of runoff was expressed as:

Flow (L)= Runoff depth (cm) X the square measure of tank (cm?) X 107

P loss was expressed as the following equation:
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P lossin runoff=[Nutrient conc. (mg « L™) X Flow (L)] X N
P lossin sediments=[Nutrient conc. (g * kg™) X Weight (kg)] X N
Where n is the total number of erosive stormsin each year.

3 Resultsand discussion
3.1 Effectsof land use on runoff and sediment

There were total five erosive storms in 2000, and they were all in July and August (Table 1). No
erosion-generating storms occurred after August 2000. Usually there are 2—3 erosive storms in An’'sai
station annually and more than average in 2000.

Runoff from different land uses was summarized in Table 1. Significant differences (P<0.05) in total
runoff and soil loss were observed among treatments (Table 1, Fig. 4 and 5). It meant that, through
adjusting land use practices, we could control soil erosion.

The expected low runoff and corresponding erosion from SP, ST, and SA were related to the dense
canopy cover and litter, which enhanced rainfall interception and surface detention. Furthermore,
favorable soil properties, reflected in the humus layer in plots, resulted in infiltration exceeding rainfall
rates, thereby negating runoff (Komass et al., 1992; Thomas et al., 1992; Rai and Sharma, 1997; Sttot,
1999). No soil loss was observed in SP, ST, and SA (Fig. 5). Expect for shield of the dense canopy cover
and litter, the small numbers of observations may also response for it, although erosive stormsin 2000 are
more than average.

CPT and WS produced more runoff and sediment than SP, ST, and SA. It even produced more
runoff than FR (24°) in August. Sediment from CPT and WS was much less than that from FR (24°)
(Fig. 5). This was due to the surface conditions of CPT and WS that prevented downslope movement of
soil. If used as component of landscape diversity, CPT at 24° would produce more runoff and soil 1oss
and so was not reasonable.

Tota runoff and soil loss of FR was much more than that of the other land uses (Table 1, Fig. 4 and
5). The result was primarily attributed to the component of loess (Fu, 1989; Fu and Gulinck, 1994) and
thin crop cover, which resulted in rainfall rates exceeding infiltration (Norton et al., 1999). With high
rainfall frequency and long duration, increasing soil water content reduced the infiltration rate and runoff
increased steadily.

According to the above discussion, FR produced much more runoff and soil loss, and it is the most
common land use in Loess Plateau. So we tested the slope treatment of FR. Runoff and soil loss from FR
(10°—30°) concentrated in the first erosive storm in July, and it was different with that of FR (24°)
(Table 1). This meant that position might influence runoff and soil loss from FR.

Total runoff changed little among FR of 15°, 20°, and 25° (Table 1), while there were little
differences of total soil loss among FR of 20°, 25° and 30° (Fig. 6). The amount of total runoff and
sediment from FR of 15°, 20°, and 25° was much more that of FR of 10°. So for the purpose of reducing
runoff and soil loss, farmlands of over 15° should be reforested. 30° might be the threshold degree for
runoff, because when slope reached 30°, total runoff (645L) began to decreased, and even less than that
(858L) of 10°(Table 1).

Lots of researchers had defined critical periods for runoff and erosion from agricultural land in terms
of periods when soil was least protected and hence more vulnerable to erosion by excess runoff than
during times when crop canopy or residue provided adequate cover (Yoo and Touchton, 1988). In our
study, the critical periods should be July. Runoff and sediment were more in critical periods than in non-
critical periods when crop stand and canopy cover reduced runoff amounts and so sediments (Fig. 4 and
Fig. 5). Differences between the two periods were significant (P<0.05) for runoff but non-significant for
soil loss. Small numbers of observation and no soil loss datain SA, ST, and SP might be the reasons. But
for FR (10°—30°) at upslope slope, differences between these periods were significant (P<0.05) for both
runoff and soil loss. Thisindicated that, in order to effectively control soil erosion, more attention should
be paid in July and for FR.
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3.2 Effect of land useon P loss

In terms of the foregoing definition of critical period, total P loss in runoff was listed in Table 2.
Except for SP, the relative proportion of total P loads was typically higher in July (Table 2). This might
be due to the significant differences of runoff for critical and non-critical period (Fig. 4).

Higher non-critical period P loading in runoff of SP was related to the little changes of runoff for the
two periods and decomposition of surface residue from previous season (Thomas et al., 1992). And there
were little differences of total P loss in runoff among SP, ST, and SA (Table 2). So the proportion of P
losses among ST, SP, and SA in critical and non-critical period meant different modes of P movement
existed among them. The plant structure and humus layer of SP, ST, and SA might response for this.

Tota P loss in runoff was significantly higher of FR than of SP, ST, and SA. This difference was
attributed primarily to fertilization on FR plot (Meng et al., 2001). There were no differences to total P
losses in runoff among FR, WS, and CPT (Table 2), although runoff among them had much changes
(Table 1). Thisindicated the high P solubility and mobility in July of WS and CPT.

Table 3 summarized the Loading of total P lossin sediments. No P loss in sediments of SP, ST, and
SA. P loss was higher in sediment for FR than for WS and CPT, and it was also higher during critical
than non-critical period. Thiswas attributed mainly to fertilization and higher amount of soil loss from FR
than from WS and CPT. Compared to Table 2, total P loss in SP, ST, and SA was primarily through
runoff, and sediments were the main sources of total P loss in FR, WS, and CPT. The role of sediment
load in total P loss corresponded to the findings by others (Angle et al., 1984; Sharpley et al., 1991;
Huang et al., 1998). In the case of P mobilization, adsorption to particles is an especially important mode
of transportation (Gilliam et al., 1985).

The same trends of P loss in runoff and sediment existed in farmlands (10°—30°). The relative
proportion of total P loads was typically higher in critical than in non-critical period, and sediments were
the main sources of total P loss, not runoff. Despite receiving the same annual P fertilizer rate, P loss in
runoff decreased with slope increasing, while P loss in sediment increased with slope increasing,
especially when slope surpass 15° (Table 3). This was related to changes of runoff and sediment yields
from FR (10°—30°) (Table 1; Fig. 6). The more loss of P from FR over 15° not only made the on-site
productivity down, but also accelerated the eutrophication of the downstream location.

Adding Table 2 and Table 3 together, we would get the total P loss in soil erosion. The amount of
total P loss from the six land uses was. FR>CPT>WS>ST>SP>SA, and from FR (10°—30°) was:
25°>20°>30°>15°>10°. CPT at 24° not only produced more runoff and soil loss, but also caused more P
loss. More runoff, soil loss, and P loss from WS than from ST, SA, and SP showed the importance of
plant cover for controlling soil erosion.

4  Conclusion

More total runoff and sediment from FR than from SP, ST, and SA reflected the protective effects of
continuous vegetation cover. FR over 15° would be reforested for it produced more runoff and soil loss.
Runoff and sediment from the six land uses were mainly produced in critical period when the soil was
largely exposed.

Peak P loss occurred during the critical period and from FR. And a considerably larger proportion of
total P loss occurred in the sediment fraction. 15° is also a threshold limit value for P loss from FR. CPT
not only produced more runoff and soil loss, but also caused more P loss. As component of landscape
diversity, it should be located at slope of less than 24°.

SP, ST, and SA produced less runoff and soil loss than FR, WS, and CPT. They will aso decrease
nutrients loading in surface waters and so have a positive impact on the environment. FR (<15°) offers the
potential for achieving environment quality while simultaneously maintaining high production levels. By
extrapolating the results to the hilly area of Loess Plateau, the sustainable land uses SP, ST, and SA.

Acknowledgements
This project was supported by the Chinese Academy of Sciences (No. KZCX2-405) and the National
Natural science Foundation of China (No. 49725101)



120

References

Angle JS, McClung G, Mcintosh MS, Thomas PM, Wolf DC. 1984. Nutrient losses from conventional
and no-till corn watershed. Journal of Environmental Quality.13: 431-435.

BREST-CAS (Bureau of Resource, Environmental science and Technology, Chinese Academy of
Sciences). 1992. Development and comprehensive treatment on small catchment in Loess Plateau.
China Science and Technology Literature Press, Beijing (in Chinese).

Cai CF, Huang L. 1996. Conditions and losses of purple soil nutrients in slope land in TGRA. Geography
Research (in Chinesg). 15: 77-83.

Carpenter SR, Caraco NE, Correll DL, Howarth RW, Sharpley AN, Smith VH. 1998. Nonpoint pollution
of surface waters with phosphorus and nitrogen. Ecological Application. 8(3): 559-568.

Chambers B, Garwood TWG, Unwin RJ. 2000. Controlling soil water erosion and phosphorus losses
from arable land in England and Wales. Journal of Environmental Quality. 29:145-150.

Chen LD, Wang J, Fu BJ, Qiu Y. 2001. Land use change in a small catchment of northern Loess Plateau,
China. Agriculture, Ecosystem and Environment. 86:163-172.

Chen YZ, Luk SH. 1989. Sediment sources and recent changes in the sediment load of Yellow river,
China. In land conservation for future generation. Proceedings of the 5™ international soil erosion
conference. Rindwanich S (eds). Ministry of agriculture. Bangkok, Thailand, 18-29 January 1998.
Department of land devel opment, Bangkok, 313-323.

Correll DL, Jordan TE, Weller DE. 1992. Nutrient flux in a landscape: effects of coastal land use and
terrestrial community mosaic on nutrient transport to coastal waters. Estuaries. 15:431-442.

FAO-UNESCO. 1974. Soil map of the world (1:5,000,000). Food and agriculture organization of the
United Nations. UNESCO, Paris.

Fu BJ. 1989. Soil erosion and its control in the Loess Plateau of China. Soil Use and Management. 5:76-
82.

Fu BJ, Chen LD, Ma KM, Zhou HF, Wang J. 2000. The relationships between land use and soil
conditionsin the hilly area of the Loess Plateau in northern Shannxi, China. Catena. 39(1): 69-78.

FU BJ, Gulinck H. 1994. Land evaluation in an area of severe erosion: the Loess Plateau of China. Land
Degradation & Rehabilitation. 5:33-40.

Gilliam JW, Logan TJ, Broadbent FE. 1985. Fertilizer use in relation to the environment. In Fertilizer
technology and use. Englestas OP (eds). 3" ed. SSSA, Madison, WI. 561-588.

Goltermann HL, de Oude NT. 1991. Eutrophication of lakes, rivers, and coastal seas. In The handbook of
environmental chemistry. Vol. 5,Part A , Water pollution. Hutzinger O (eds). Springer Verlag, Berlin,
Germany.

Hedley MJ, Sharpley AN. 1998. Strategies for globa nutrient cycling. In Long-term nutrient needs for
New Zealand's primary industries: global supply, production requirements, and environmental
constrains. Currie L (eds). The fertilizer and lime research center, Massey University, Palmerston
North, New Zealand.

Huang L, Dong ZH, Cai QG. 1998. Soil nutrients loss in TGRA. Journal of Soil Erosion and Soil and
Water Conservation (in Chinese). 4: 8-21.

Jiang D (eds). 1997. Soil erosion and control models in Loess Plateau. China hydroelectricity press,
Beijing (in Chinese).

Jones OR, Eck HV, Smith SJ, Coleman GA, Hauser VL. Runoff, soil, and nutrient losses from rangeland
and dry-farmed cropland in southern High Plain. Journal of Soil Water Conservation. 40: 161-164.

Kosmas C, Danalatos N, Cammeraat LH, Chabart M. 1997. The effect of land use on runoff and soil
erosion rates under Mediterranean conditions. Catena. 29: 45-59.

Maas JM, Jordan CF, Sarukhan J. 1988. Soil erosion and nutrients losses in seasona tropical agro-
ecosystems under various management techniques. Journal of Application Ecology. 25: 595-607.
Meng QH, Fu BJ, Yang LZH. 2001. Effects of Land Use on Soil Erosion and Nutrients Losses in the

Three Gorges Reservoir Area, China. Soil Use and Management. 17:(in press).

Myers CF, Meek J, Tueller S, Weinberg A. 1985. Non-point sources of water pollution. Journal of Soil

Water Conservation. 40: 14-18.



121

Nelson WC, Ehni RJ. 1976. Land use and nonpoint pollution in the Sheyenne Valley. Water Resource
Research. 1: 381-190.

Norton D, Shainberg I, Cihacek L, Edwards J. 1999. Erosion and Soil Chemical Properties: Soil Quality
and Soil Erosion. Soil Quality and Soil Erosion. La R (eds). CRC Press. Washington, D.C., New
York. 39-56.

NRC (National Research Council). 1992. Restoration of aquatic ecosystems: science, technology and
public policy. National Academy Press, Washington, DC.

NRC (National Research Council). 1993. Soil and water quality: An agenda for agriculture. National
Academy Press, Washington, DC.

Osborne LL, Kovacic DA. 1993. Riparian vegetated buffer strips in water-quality restoration and stream
management. Freshwater Biology. 29:243-258.

Pote DH, Daniel TC, Sharpley AN, Moore PA, Edwards DR, Nichols DJ. 1996. Relating extractable soil
phosphorus to phosphorus losses in runoff. Soil Science Society of America Journal. 60:855-859.

Ra SC, Sharma E. 1998. Hydrology and nutrient flux in an agrarian watershed of the Sikkim Himalaya.
Journal of Soil and Water Cons. 53: 125-132.

Schindler DW. 1977. Evolution of phosphorus limitation in lakes. Science. 195:260-262.

Shaanxi Province Meteorology Bureau. 1992. Shaanxi province climate data of land surface from 1951 to
1990. Shaanxi Province Meteorology Bureau, Xi’an (in Chinese).

Sharpley AN, Foy B, Withers P. 2000. Practical and Innovative Measures for the Control of Agricultural
Phosphorus L osses to Water: an overview. Journal of Environmental Quality. 29:1-9.

Sharpley AN, Sims JT, Pierzynski GM. 1994. Innovative soil phosphorus indices: assessing inorganic
phosphorus. In New directions in soil testing for nitrogen, phosphorus and potassium. Havlin J,
Jacobsen J, Fixen P, hergert G (eds). Agronomy Monography. ASA, Madison, Wi. 40:115-142.

Sharpley AN, Smith SJ. 1994. Wheat tillage and water quality in the Southern Plains. Soil Tillage
Research. 30:35-38.

Sharpley AN, Troeger WW, Smith SJ. 1991. The measurement of bioavailable phosphorus in agriculture
runoff. Journal of Environmental Quality.20: 235-238.

Sharpley AN, Tunney H. 2000. Phosphorus research strategies to meet agricultural and environmental
challenges of the 21st century. Journal of Environmental Quality. 29:176-181.

Sttot DE, Hart GL, Bradford JM, Kung K-JS, Huang C. 1999. Impact of soil organisms and organic
matter on soil structure. Soil Quality and Soil Erosion. Lal R (eds). CRC Press. Washington, D.C.,
New York. 57-76.

Tang KL, Chen YZ. 1991. Characterizes of soil erosion in Loess Plateau and its treatment methods.
Chinese Science Technology Press, Beijing (in Chinese).

Thmoas ML, La R, Logan T, Fausey NR. 1992. Land use and management effects on nonpoint loading
from Miamian soil. Soil Science Society of America Journal.56: 1871-1875.

U.S. Environmental Protection Agency. 1988. Nonpoint source pollution in the US: Report to Congress.
Office of Water, Creteriaand Standards Division, USEPA. Washington. D. C.

Uusi-Kamppa J, Braskerud B, Jansson El, Syversen N, Uusitalo R. 2000. Buffer zones and constructed
wetlands as filters for agricultural phosphorus. Journal of Environmental Quality. 29:151-158.

Withers PJA, Davidson IA, Foy RH. 2000. Prospects for controlling diffuse phosphorus loss to water.
Journal of Environmental Quality. 29: 167-175.

Withers PJA, Jarvis SC. 1998. Mitigation options for diffuse phosphorus loss to water. Soil Use
Management. 14: 180-192.

Wu Y, Yang W (eds). 1998. Forest and grassland vegetation constructions and its sustainable
development in Loess Plateau. Science Press, Beijing (in Chinese).

Yang W, Yu C. 1992. Regiona treatment and evaluation in Loess Plateau. Science Press, Beijing (in
Chinese).

Yoo KH, Touchton JT. 1988. Surface runoff and sediment yield from various tillage systems of cotton.
Trans. ASAE. 31:1154-1158.



	1?Introduction
	2?Materials and methods
	3?Results and discussion
	4?Conclusion

