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Scale effect analysis of the influence of land use and environmental factors on
surface soil organic carbon:a case study in the hilly and gully area of

Northern Shaanxi Province
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1 State Key Laboratory of Earth Surface Processes and Resource Ecology, Beijing Normal University, Beijing 100875, China
2 College of Resources Science and Technology, Beijing Normal University , Beijing 100875, China

Abstract; Land use and environmental factors are considered significant in regulating the spatial distribution of surface soil
organic carbon (SOC) , but are not equally important at different scales. Accurate knowledge of SOC stocks and the effects
of environmental factors on SOC are crucial, both from the perspective of regional carbon budgets and appropriate landscape
management of SOC. The Muyu small watershed and the Ansai catchment in loess hilly-gully area were taken as study area
in the paper. On the basis of soil sampling in the field, 35 and 79 samples were taken separately in Muyu small watershed
and Ansai catchment. Classical statistics and RDA were applied to study on the relationship of the distribution of SOC, soil

organic carbon density (SOCD) with land use and environmental factors at two different scales. The research results were as

E&WE : EHR A RFI A (41390462, 41171069) ; K VL5 T I BA % J 1451 H ( IRT1108)
s B #A.2013-06-10; f&1T HH#3:2013-10-09
# W IRAER Corresponding author. E-mail ; zhaoww@ bnu.edu.cn

http ://www.ecologica.cn



1106 JAE = 345

follows. The effects of land use type on SOC and SOCD had significant difference at two scales. SOC varied with land use in
the order: grass land > woodland > shrubland > farmland at the Muyu small watershed. And the order was woodland >
shrubland > farmland > grassland at the Ansai catchment. Meanwhile, the SOCD was highest in the grassland and declined
as follows: grassland > woodland > farmland > shrubland at the Muyu small watershed, and it was highest in the woodland
and declined as; woodland > farmland > grassland > shrubland at the Ansai catchment. SOC and SOCD showed scale effects
under different influence of land use. The main land use at the Muyu watershed was grassland. The soil physical and
chemical properties were good enough to protect the soil and water. Thus the SOC and SOCD were both higher than other
land use, which was different from that at the Ansai catchment. There were a lot of woodland and shrubland at the Ansai
catchment. Since woodland was the optimal land use type to keep soil and water, and the SOC and SOCD were much higher
in woodland at the catchment. Also since changes in land use had influences on physical, chemical and biological soil
attributes, they changed SOC and SOCD by disturbing the equilibrium between the formation and mineralization of soil
organic matter. The land use change played different roles in affecting SOC and SOCD at different scales.

Then we chose slope, slope position, slope aspect, altitude, vegetational cover and land use as environmental factors.
Among them, aspect, slope and vegetational cover were positively related to the SOC and SOCD at both the Muyu watershed
and the Ansai catchment. Altitude, slope position and land use were negatively related to SOC at the Muyu watershed while
they were positively related to SOC at the Ansai catchment. Altitude and land use were negatively related to SOCD at two
scales. Slope position was negatively related to SOCD at the Muyu watershed, and positively at the Ansai catchment. The
influences of environmental factors were varies: slope aspect, slope and slope position decided the migration direction and
speed of material, altitude affected the vertical distribution of the hydrothermal conditions, and vegetational coverage, with
land use, reflected the input and output of soil organic carbon. But since different geographical conditions, the influences of

those environmental factors were complex.

Key Words: land use; environmental factors; soil organic carbon; soil organic carbon density; scale effect
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Fig.1 Location of study area and the distribution of sampling sites
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Table 1 Descriptive statistics of surface organic carbon in different land use at different scales

EE Ry POMIBOR IR e e vy R
Land use Scales  Numbers aximum - Minimum o 00 Standard e Skewness  Kurtosis | onable
/(k/kg)  /(k/kg) deviation coefficient
B NG 3 2.5852 4.2440 3.1523 0.9456 0.8942 1.7281 — 0.3000
Farmland LI 15 2.3464 4.8639 3.4049 0.8644 0.7472 0.2349 —-1.5803 0.2539
B8 UNT 14 2.6829 4.7752 3.6094 0.8137 0.6622 0.3578 —-1.4661 0.2255
Grassland G 24 2.3785 4.7752 3.3894 0.8130 0.6610 0.5342 -1.1969 0.2399
TEA M UNT 4 3.2050 4.1351 3.5010 0.4354 0.1896 1.6808 2.7222 0.1244
Shrubland UIE 11 2.8434 4.8070 3.6810 0.6442 0.4150 0.5565 -0.9254 0.1750
b Si UNTS 13 2.6296 4.0536 3.4128 0.5152 0.2654  -0.6436 -1.3620 0.1510
Woodland WIE 27 2.5923 4.8581 3.4413 0.6094 0.3714 0.2233 -0.6414 0.1771
®2 ARREARLIHARAXNNLEREENGREEHRES T
Table 2 Descriptive statistics of surface organic carbon density in different land use at different scales
T Rig oy PRI BRI IR e e w R
Land use Scales  Numbers aximum - Minimum o 00 Standard e Skewness  Kurtosis ) 2nable
/(k/kg)  /(k/kg) deviation Coefficient
B UNT 3 0.3228 0.6032 0.4208 0.1581 0.0250 1.7178 — 0.3758
Farmland G 15 0.2964 0.6318 0.4255 0.1111 0.0123 0.5558 -1.0375 0.2611
Fic HHh NG 14 0.3302 0.5956 0.4451 0.0909 0.0083 0.1920 -1.4326 0.2043
Grassland G 24 0.2683 0.5956 0.4152 0.0961 0.0092 0.3883 -1.2577 0.2315
TEA M NG 4 0.3804 0.5097 0.4275 0.0572 0.0033 1.5209 2.4206 0.1338
Shrubland G 11 0.3358 0.5433 0.4434 0.0679 0.0046 0.0050 -1.4612 0.1531
it NS 13 0.2912 0.4911 0.4026 0.0646 0.0042  -0.5885 -1.0870 0.1604
Woodland UIE 27 0.2912 0.6251 0.4125 0.0837 0.0070 0.5772 0.0193 0.2029
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Fig.2 The two-dimensional RDA ordination diagram of SOC, SOCD and environmental factors in the Muyu small watershed area and the

Ansai catchment
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