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Table 1 Contents of Ca species in soil at different stages of

calcareous soil evolvement in karst areas

SR EY/ S S P R EY/ & ARGV A o

IKIERAG(<107)  0.24£0.04a  0.14£0.04b  0.05+0.03¢
TG0 2044372 4.87+0.63b  1.34+0.09¢
FRIAASAG(2107)  3.95£0.87a  1.25£0.65b  0.37+0.20b

AHLEABHE(<107)  0.14+0.07a  0.09+£0.03a  0.04+0.01a

FRIASEE(<107)  0.88£0.12b 12120242 0.99+0.01ab
LAE(x107) 25.7+4.50a  7.56+0.72b 2.79+0.24b

TE: AT AR TR RR [ — R bR 22 538 KT (p<0.05), BfH =R
W fEEhRvfE i 2% o

Note: Different letters in the same line indicate a significant level of
difference in the same index (p<<0.05), and the value represents the mean +

standard deviation.
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Fig. 1 Percentage of contents of Ca species in soil at different

stages of calcareous soil evolvement
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8.46 mg N-(kg-d)™" 1 8.17 mg N-(kg-d) ™" 4 9 F& 2 4%
41 JK 11 2.96 mg N-(kg-d)”" 1 0.84 mg N-(kg-d)”’
DL J% 41 5 47 7K 49 2.50 mg N-(kg-d) "' 1 0.47 mg
N-(kg-d) s My M 2B 547 K £ 19 0.29 mg N-(kg-d) '
Th 5 BRE A K 9 2.12 mg N-(kg-d) ™" FILL A K
+1 2.02 mg N-(kg-d) .
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Fig. 2 Nitrogen mineralization rates in soil at different stages of

calcareous soil evolvement

(In the figure, different lowercase letters indicate significant differences in
My, in different calcareous soils (P<0.05), and different uppercase letters

indicate significant differences in My, in different calcareous soils (P<0.05)).

xR 2 ARIARFEHEESRFESBANET U (Myog)-
ESBANET L (My..) HIBEINET L
(Myeo) IR RHE K1
Table 2 Correlation coefficients between the mineralization
rates of My, My and My, and calcium species contents in

calcareous soil

Miree My Myeorg
IS 0.85%* —0.68* 0.83%*
A 0.94%* —0.78%** 0.92%*
RIS 55 0.93%* —0.85%* 0.88**
ALEEE B 0.50 —0.45 0.48
FRit A -0.49 0.30 -0.52
e 0.94%* —0.80%* 0.91*

T FEARSIn =9, *FIRA KL H]P<0.05 W E /KT, ** R AH MR F
P<0.01 KT
Note: Sample size n=9; * represents a significant correlation (P<0.05);

** represents a significant correlation (P<0.01).
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Influence mechanism of calcium on soil organic nitrogen mineralization
during calcareous soil evolvement in karst areas

XIE Yincai>, YANG Hui'?, LI Jun’, MIAO Xiongyi'’, YANG Lin"?, WU Shucheng’

(1. Institute of Karst Geology, CAGS/Key Laboratory of Karst Dynamics, MNR & GZAR/International Research Center on Karst under the Auspices of
UNESCO, Guilin, Guangxi 541004, China; 2. Pingguo Guangxi, Karst Ecosystem, National Observation and Research Station, Pingguo, Guangxi 531406,
China; 3. Hebei Key Laboratory of Water Quality Engineering and Comprehensive Utilization of Water Resources, Hebei University of

Architecture, Zhangjiakou, Hebei 075132, China; 4. Guilin Hydrology Center, Guilin, Guangxi 541002, China )

Abstract Nitrogen (N) is an essential nutrient element for the normal growth and development of plants, and the
major factor affecting the primary productivity of most terrestrial ecosystems. Studying the process of soil organic N
mineralization on the basis of regional characteristics is of great significance for formulating reasonable fertilization
measures, and optimizing soil environment and global N cycling. Karst is a unique ecological system restricted by N.
In order to discuss the influence mechanism of calcium (Ca) in soil organic N mineralization during calcareous soil
evolvement in karst areas, the typical black calcareous soil (BLCS), brown calcareous soil (BRCS) and red calcareous
soil (RCS) at different soil evolvement stages in the karst areas in Guilin were selected as research objects. The BCR
three-step sequential extraction procedure was used to determine Ca contents of different species, and the "°N tracing
technology combined with the Markov Chain Monte Carlo (MCMC) algorithm-based numerical optimization model
were adopted to investigate the mineralization of labile organic N (My,,;), recalcitrant organic N (My,..) and organic N
(Myore) to NHJ in calcareous soil.

The results showed as follows: (1) The orders of the contents of Ca species of BLCS and BRCS were both listed
as exchangeable Ca (ECa) > acid soluble Ca (ASCa) > residual Ca (RCa) > water soluble Ca (WSCa) > organic
compound Ca (OCCa); the order of the contents of Ca species of RCS was: ECa > RCa > ASCa > WSCa > OCCa. The
contents of ECa were the highest among the different species of Ca in BLCS, BRCS and RCS in karst areas,
repectively accounting for 80%, 64% and 48% of the total Ca contents of these three calcareous soils, showing that Ca
in calcareous soil presents high activity. (2) My, and My, of these three calcareous soils were listed as the following
order: BLCS > BRCS > RCS; the order of My,,,: BLCS < BRCS < RCS. My,,, was dominated by My, in BLCS, while
My, Was mainly controlled by My,,, in both BRCS and RCS, showing that calcareous soil evolvement affected the
mineralization process of soil organic N, and the soil inorganic N supply capacity decreased significantly during
calcareous soil evolvement in karst areas. (3) Except the insignificant correlation between soil My, My, and My,

and OCCa and RCa, My, and My, presented significantly positive correlation with the contents of ECa, ASCa and
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WSCa, respectively, while My, presented significantly negative correlation with these variables, which indicates that
high contents of available Ca can promote My, but inhibit My,,,. As the main species of Ca in calcareous soil, ECa and
ASCa were strongly leached during calcareous soil evolvement in karst areas, resulting in the significant decrease of
soil My, which was an important reason for the significant decrease of soil inorganic N supply capacity during
calcareous soil evolvement. The study results will help us to clearly understand the characteristics of the distribution
and migration of Ca, N mineralization and effect of Ca on N mineralization during calcareous soil evolvement in karst
areas, and may provide the basic data for deep understanding of the influence mechanism of N mineralization process
in calcareous soil. With the evolvement of calcareous soil, calcareous soil with high degree of evolvement in karst
areas, such as BRCS and RCS, may be unfavorable for maintaining soil fertility and natural vegetation restoration due
to low inorganic N supply capacity. Therefore, in the process of ecological restoration, for the karst areas with high
degree of calcareous soil evolvement such as BRCS and RCS, improving the N content of calcareous soil can promote
the effective supply of inorganic N in calcareous soil to create a soil environment conducive to vegetation restoration.

This may be an effective strategy for rapid restoration of karst ecosystems.

. . . . . . 15 . .
Key words mineralization rate, soil calcium species, "N tracing technology, calcareous soil, karst area
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calcareous soil. In the SDR transform case, the model had the highest accuracy and better model robustness without
overfitting, with a coefficient of determination (R2) of 0.84 and root mean square error (RMSE) of 0.55 in the
modeling set and R2 of 0.82 and RMSE of only 0.64 in the validation set. Compared with the PLSR algorithm, the
GRNN model had greater prediction ability. However, the robustness of GRNN model was worse and the overfitting
phenomenon was obvious. In the same SDR transformation case, the modeling set R2 of the GRNN model could reach
0.92, but the validation set R2 was only 0.59, so the overall performance was inferior to that of the PLSR model. (4)
The PLSR_GRNN model can integrate the advantages of PLSR and GRNN model, maintaining the high predictability
of GRNN model and avoiding the overfitting phenomenon. Among them, the best inversion model was established by
SDR, with R2 of 0.92 and 0.90 for the modeling set and validation set, and RMSE of 0.43 and 0.51, respectively,
which were suitable for hyperspectral inversion of TN content in calcareous soil in karst areas. In addition, the FDR,
(1g(1/R))" and CR transformations also had excellent performance, with R2 above 0.80 for the modeling set and R2
above 0.75 for the validation set.

Although the prediction accuracy of the GRNN model cannot be improved by combining the PLSR model with
the GRNN model, the overfitting phenomenon can be effectively controlled. This modeling approach, which combines
linear and nonlinear models, is more widely applicable than the PLSR model or GRNN model alone, and is more
adaptable to more heterogeneous soil types, and will be more widely used. Rapid and high-precision prediction of TN
content in calcareous soil in karst areas can be performed based on hyperspectral models. The results can provide a

basis for regional soil remediation and utilization.

Key words soil total nitrogen, calcareous soil, hyper-spectrum, partial least squares regression, generalized

regression neural network
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