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Abstract: Nitrogen is one of the important constraining factors affecting vegetation growth, especially in arid and semi-arid
areas of natural grasslands. In a natural grassland ecosystem without fertilizer inputs, the vegetation nutrients mainly come
from plant litter decomposition and the mineralization of organic nutrients. Soil nitrogen storage is the result of the historical
accumulation of plant litter and the long-term weathering of parent rock in the grassland ecosystem. It is an important
nutrient source for vegetation growth, is closely related to vegetation productivity, and is an indicator of ecological service
function change. In recent years, the ecological and economic problems caused by grassland degradation and grassland soil
nutrient depletion have become the focus of governments and researchers due to climate change and human activity

disturbance. Although climate change has important effects on grassland ecosystems, it is difficult to control and manage at
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the smaller spatial-temporal scales. Human activity is one of the main influencing factors affecting grassland ecological
systems. Therefore the control and management of human activities can effectively protect grassland ecosystems and promote
sustainable grassland utilization.

Grazing is a significant human disturbance of grassland ecosystems, and is one of the important factors

affecting the grassland nitrogen cycle. In order to examine the impact of grazing on soil N storage, we created a grazing
pressure index model using the statistical annual grazing livestock data ( 1990—2011) from counties and MODIS-NDVI
(1000 m resolution, 2001—2011) , which combined grazing capacity and vegetation productivity per unit area. We used
the pressure index model to assess the spatial distribution of grazing pressure in typical steppe of Inner Mongolia, China,
and used field sampling point data in 2010 and 2011 across study area to analyze soil N storage and other several related soil
properties at low grazing pressures ( LG ), moderate grazing pressures ( MG ), and high grazing pressures ( HG). The
results showed that grazing pressure had a significant effect on soil bulk density (BD) , soil total carbon content( TC) and
soil total nitrogen content (TN) , especially in the surface soil layer (0—10cm). The BD, and TC and TN contents
significantly differed between LG, MG, and HG. The TC and TN contents decreased with increasing grazing pressure, and
the BD increased as the grazing pressure increased. Clay content (CC) did not significantly differ between the three grazing
pressures. Soil N storage showed similar variation characteristics with TN content, but decreased with increasing of soil
depth and grazing pressure. In the surface soil, in 2010 and 2011, the soil N storage showed significant differences among
LG, MG, and HG. Within the range of 0 to 50 c¢m, the soil N storage decreased with increasing grazing pressure, and
significantly differed among LG, MG and HG (2011, P< 0.05; 2010, P< 0.01). Therefore, grazing has no significant
impact on the clay content, and the clay content variation is not the reason for the reduction in soil N storage in the study
area. Heavy grazing is one of the main influence factors affecting nitrogen loss in the steppe ecosystem, and thus, reducing

grazing pressure helps to reduce the loss in soil N storage and restores vegetation productivity.

Key Words: NDVI; Rate of stocking; Grazing pressure gradient; Soil N storage; Inner Mongolia
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Table 1 Characteristics of Soil bulk density, clay content, total carbon and nitrogen content of different soil horizons in 2011 and 2010

2011 2010
) TIERE A o e EE A o i RS
Grazing Soil . M ™ Total carbon  Total nitrogen . " Total carbon Total nitrogen
Bulk density  Clay content Bulk density Clay content
pressures deplh/( cm) BD/( 3 ) éC/‘V content content BD/( 3 ) éC/W content content
g/om v TC/ % TN/ (g/kg) g/cm ? TC/% TN/ (g/kg)
AT 0—10 ®1.29+0.11 10.56+5.22 *°2.59+0.51 *2.51+0.27 "1.23+0.09 4.21+0.32 *2.68+0.48 *0.85+0.14
Low grazing 10—20 1.46£0.08  8.49+2.23  1.64x0.42  '1.7+0.54  1.33x0.02 4.3+0.97 1.52+0.8 0.56+0.24
pressure 20—30 1.49£0.08  8.86+£3.37  1.47+0.53  11.53+0.51  1.42+0.02 5.7+1.76 1.37£0.82  %0.57+0.31
(LG) 30—40 °1.55+0.07  8.82+4.63  1.22+0.48  1.07+0.51 1.46£0.00  5.98+1.37  1.17+0.67 0.42+0.14
40—50 °1.57+0.01  7.51£3.97  1.17+0.45 1.01x0.49  1.44x0.02  5.57+0.46 0.98+0.6 0.36+0.19
RO 0—10 ]1.45+0.16 6.81£5.05 *°1.71+0.74 **1.62+0.77 "1.38+0.16 6.47+2.78  *1.27+0.67 *0.46x0.21
Moderate 10—20 1.51+0.18 6.7+5.24 1.53£0.92  "1.32+0.67 1.44x0.17 8.2+3.36 0.94+0.42  0.37+0.17
grazing 20—30 1.56£0.17  6.41£5.49  1.38£0.88  "1.01x0.6  1.44x0.16  8.91x4.48  0.77+0.46  **0.31x0.16
pressure 30—40 ©1.58+0.18  5.41x4.77  1.2520.95  0.75%0.53  1.49+0.13  10.04+5.96  0.68+0.53 0.29+0.17
(MG) 40—50 ©1.59+0.17  5.12+4.52  1.18+0.83  ©0.68+0.51  1.51x0.12  10.82+7.24  0.67+0.48 0.28+0.18

TR O 0—10 ®1.45+0.14  7.61£4.65 °1.43:0.68 °1.27+0.64 "1.46x0.12 7.67«3.11  ®1.14x0.5 *0.43+0.17
High grazing 10—20 1.48+0.15 7.9+4.83 1.34£0.76  ™1.06+0.52 1.43+0.16  9.74£5.94  0.93+0.49  0.37£0.19

pressure 20—30 1.49+0.14 7.44+5.17 1.45£1.05  10.79+0.48  1.47£0.17 11.62£6.66  0.75+0.43  *0.31x0.17
(HG) 30—40 ©1.49+0.14  6.02x+4.59 1.58+1.33 0.65+0.5 1.48+0.16 12.71+6.8 0.57+0.4 0.24+0.14
40—50 °1.52+0.14  5.19+4.47 1.37£1.06  10.51+0.43 1.52+0.13 14.43+9.23  0.47+0.33 0.19+0.11
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Table 2 Related literature of the response of soil N content to the grazing intensity in different grassland
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Grassland types

Method of determining grazing intensity

Study results

Sources of
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