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Studies on the characteristics of soil organic matter and pedogenic calcium

carbonate for three kinds of soil in the Tengri Desert
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Abstract; Pedogenic calcium carbonate (CaCO,) in soil in the arid and semi-arid area has become increasingly important
as an indicator of plant nutrition, landscape age, paleoecology, and paleoclimate. The formation of CaCO, in arid soils,
however, is a debating problem because it is considered as either a biotic or an abiotic process. In the biotic process, the
phenomenon of biomineralization has been reported by many scientists, while little direct attention has been given to the role
of soil organic matter (OM) in the formation of pedogenic carbonate. The primary objective of this study is to demonstrate
whether the OM is directly involved in the formation of pedogenic carbonate. We examined the relationships between OM
and CaCO, in Artemisia ordosica community on semi-fixed sandy land ,Artemisia ordosica + Artemisia frigida community on
fixed sandy land and Owxytropis aciphylla community on light brown soil land located on the eastern edge of the Tengri Desert
in the League of Alashan, Inner Mongolia, China. Each of the three sampling plots is 80 m x 80 m, each of which
contained 400 quadrats with 4 m x4 m, respectively. Soil samples were taken from the upper 0 ~5 cm layer for each
quadrat. The samples were sieved through a 0.45 mm sieve after air-dried. The OM and CaCO, content were determined by
the potassium dichromate volumetric and aerometric methods, respectively. Three replicates were conducted for each
sample, and the mean value was used for the final analysis. The index C = s°/@ (@ is the mean value, s ; the variance)
(distribution coefficient method) , with the following interpretations: when C < 1, the pattern is uniform; C = 1: a
random distribution and C > 1. a patchy distribution, was applied to determine the spatial distribution patterns of OM and
CaCO,. Microsoft Excel and SPSS were used to analyze the regression relationships between OM and CaCO, contents, and
Geostatistics method was used to study the spatial heterogeneities of OM and CaCO, based on the normalized data, so it is

comparable to the spatial heterogeneities of different regionalized variables. The major findings were summarized as follows
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(1) The distributions of CaCO, and OM have a similar pattern to some extent. According to the results of distribution
coefficient method, the OM had uniform distributions in all the three plots; CaCO, had a random distribution in A. ordosica
+A. frigida community, and uniform distributions in both A. ordosica and Owxytropis aciphylla community. The major
reason is that the plants have more patchy distribution in A. ordosica + A. frigida community than in other two communities.
(2) The content of CaCO, was positively correlated with the content of OM, indicating that CaCO, contents increased with
the increase in OM contents. The OM content increased from A. ordosica to A. ordosica + A. frigida community, but
decreased from A. ordosica + A. frigida to Oxytropis aciphylla community, so did the CaCO, content. The results suggest
that the OM in soil is greatly related to the pedogenic calcium carbonate. (3) To spatial heterogeneities, we analyzed the
changes of sills, effective ranges, C/(C, + C) s and fractal dimensions of OM and CaCO, in three sampling plots. The
results showed that the effective ranges of OM and CaCO, decreased gradually, indicating that the homogeneity ranges of OM
and CaCO, increased with the dune stabilization. The increase in fractal dimension of OM implied that the OM distribution
tends to be more homogeneous. There was no obvious change in fractal dimension of CaCO, in the process of dune
stabilization, indicating that the formation of CaCO,lagged the decomposition of OM. The increases in C/(C, + C)s of OM
and CaCO, suggested that their spatial autocorrelation increased in the process of dune stabilization. In general, the spatial
heterogeneities of OM and CaCO, were concordant in the three sampling plots. Therefore, the OM and CaCO, were
correlated with each other; the OM may be directly related to the formation of pedogenic carbonate in the process of dune

stabilization.
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spatial heterogeneity
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scoparia) JE[E T B ( Cleistogenes squarrosa) \ Y541 3F (Stipa glareosa ) F¥P 373 ( Calligonum mongolicum ) 25 ,
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Table 1 Distribution patterns of organic matter and calcium carbonate in soil

JE FEH L FHfE T VIZ(TER Sk )R
Attribute Sample Number Mean Variance Distribution coefficient Distribution pattern
AR A 400 1.04 0.07 0.07 43434 Uniform
Organic matter contents (g-kg™') B 400 3.65 1.55 0.43 #5343 4 Uniform
C 400 2.41 0.17 0.07 43434 Uniform
TRERES & & A 400 17.72 6.92 0.39 43434 Uniform
Calcium carbonate contents B 400 25.16 23.16 0.92 B4 4 Random
(g-kg™) C 400 15.97 8.19 0.51 43434 Uniform

A WEBEYE Artemisia ordosica community; B: Ji1 7 + W E BEVK A, ordosica + A. frigida community; C: Jfi3k B #E Y% Oxytropis aciphylla

community; F[fi] the same below
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Table 2 Descriptive statistics of organic matter and calcium carbonate in soil

R bR AN
Rt B REOREC P RUME ROKE D PR i Varine
Attribute Sample  Treats Number Mean Min Max error deviation Kurt Skew coefficient
(%)
AP A a 400  1.04  0.59  3.37 0.01 0.27 20.05 3.19 25.77
Organic matter contents b 400 0.31 0.18 1.00 0.00 0.08 20.05 3.19 25.77
(g'kg™") B a 400 3.65 1.25 9.27 0.06 1.25 1.48 1.03 34.15
b 400 0.39 0.14 1.00 0.01 0.13 1.48 1.03 34.15
C a 400 2.41 1.49 5.17 0.02 0.41 5.91 1.53 16.98
b 400 0.47 0.29 1.00 0.00 0.08 5.91 1.53 16.98
RIS S8 A a 400 17.72 9.86 26.21 0.13 2.63 0.22 0.44 14.85
Calcium carbonate b 400 0.68 0.38 1.00 0.01 0.10 0.22 0.44 14.85
contents (g-kg™!) B a 400 25.16 12.17 39.23 0.24 4.81 -0.32 0.19 19.13
b 400 0.64 0.31 1.00 0.01 0.12 -0.32 0.19 19.13
C a 400 15.97 10.59 26.80 0.14 2.86 0.06 0.51 17.92
b 400 0.60 0.40 1.00 0.01 0.11 0.06 0.51 17.92

a JFBE Original data,b J3—4k%%3% Normalized data
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Fig.4 Spatial heterogeneities of organic matter and calcium carbonate in soil
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