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Fig. 1 Soil and parent material classification maps of Henan Province
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Table 1 Parent material and soil composition diversities in Henan Province
AR R AL T 2R 22 R4 4R F R T L oy 22 R
Name Richness Constituent diversity Name Richness Constituent diversity
+J:Jit Parent material 6 0.87 W2 Subgroup 39 0.80
+-2& Soil group 15 0.74 +J& Family 138 0.81
*2 WEETERLEBRMEHTIRLINBGERS X
Table 2 Number of soil types and bifurcation ratio relative to type of soil forming parent materials in Henan
BEJ5T ML T 2% W% +EE 4yXF  Bifurcation ratio
Parent material Area percentage/% Soil group number Subgroup number Family number N2/N3 N1/N2
MORRGEAL7/ 31.26 3 8 26 2.67 3.25
AL 18.88 5 11 22 22 2
WLt 20.04 5 15 25 3 1.67
A BB 21.85 8 18 46 2.25 2.56
THIARUER 7.31 4 10 16 2.5 1.6
WAL 0.66 1 1 3 1 3

{I: %i%? BR:N,'/NHl s

N1 R JE, M2 LR, N3 £ 2 Note: Bifurcation ratio BR=N, /N, ,

N1 stands for number

of soil families, N2 for number of soil subgroups, and N3 for number of soil groups (DAlluvial deposits, @Proluvial, @ Loess and laterite,

(@Residual and slope deposits, GRiver and lake sediments,
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Fig. 2 Linear correlation between proportion of soil parent material in area and soil richness relative to type of parent material
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Table 3  Soil groups corresponding to each soil forming parent material in Henan Province

Xof i 4 - 2R 2600

Corresponding soil group types

[ 44 K
Parent material
R ERY) Alluvial deposits WA,
LAY Proluvial W,
#1541 1 Loess and laterite 1,

FRAL, i FUHY) Residual and slope deposits
AT Residual and slope deposits

KUY Aeolian R
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W, EWL, wEELE, Bt
afhit, wH L,
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Table 4 Development of Hapli aquic cambosol relative to parent material
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Fig. 3 Spatial distribution diversity of soil group relative to parent material
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Fig. 4 Distribution of Hapli aquic cambosol, Hapli ustic argosol and Hapli udic argosol in Henan Province relative to parent material
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Table 5 Spatial distribution diversities of soil group in Henan Province

RGN TR +AH R T
Z FEPE Diversity
Chinese soil taxonomy Soil group Area/km’
R AR AEY + Hapli Aquic Cambosol W+ 51 896 0.889
BRI TE IR £ Yellow Ustic Argosol #ig 21871 0.831
fal & Tk 1 Hapli Ustic Argosol #+ 27 824 0.830
A4 5T 1IE F BT 4= Lithic Orthic Primosol HE A+ 15 556 0.802
W R A M 1 Shajiang Aquic Vertosol wEEL 16 124 0.784
fA1 & /K A}y 1 Hapli Stagnic Anthrosol KAEL 8 850 0.739
4 JF R 1E H H A 1= Stony Orthic Primosol rapsita 5484 0.720
BRFRIZIE K 1 Yellow Udic Argosol Gy 3566 0.673
fAT & 1 %5 + Hapli Udic Argosol ki 5271 0.667
HFNLT €8 1E % Bt Ferri Udic Argosol aF+ 3138 0.660
TSR B A+ Sandy Orthic Primosol Kb+ 1 060 0.591
A58 L (0 1R I 4K £ Purple Lithic Cambosol £t 801 0.531
1E %3 it Hapli Orthic Primosol L 252 0.427
TR BR AR ER 3% 1 Natric Aquic Cambosol {nt 99 0.396
38 OE 3l £ Salty Aquic Cambosol Hht 25 0.227
F6 MASRTESHEHM
Table 6 Spatial distribution diversities of parent material in Henan Province
£} J5i 24 FK Parent material A Area/km?® Z ¥ Diversity

T B Alluvial deposits 50 581 0.887

AW Proluvial 30 555 0.877

# 1 541 1 Loess and laterite 32429 0.867

FRAL. P FWY) Residual and slope deposits 35359 0.863

WA TTEY) River and lake sediments 11 831 0.773

KA Aeolian 1 060 0.591

x7 AEELEMIEFGRTESHSHEMEXSE

Table 7 Correlation matrix of soil groups with parent materials in spatial distribution diversity in Henan Province

‘ . \ #5201+ R, B AR
12 FEIRRULE A B KR
Loess and Residual and slope River and lake
Soil group Alluvial deposits Proluvial Aeolian
laterite deposits sediments
[/ 0.999 0.316 - - 0.716 -
BT - 0.932 0.918 0.516 - -
(R - 0.903 0.884 0.806 - -
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it 0.617 - - - - _
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Diversities of Soil Forming Parent Materials and Spatial
Distribution of Soils in Henan Province

REN Yuanyuan'? ZHANG Xuelei'" LI Xiaoying' SUN Peng' DUAN Jinlong’

(1 School of Hydraulic and Environmental Engineering, Zhengzhou University, Institute of Natural Resources and Eco-environment,
Zhengzhou 450001, China)
(2 Social Development Research Center of Zhengzhou University of Light Industry, Zhengzhou 450002, China)
(3 College of Information Science and Engineering, Henan University of Technology, Zhengzhou 450001, China)

Abstract Objective According to the classical Dokuchaev soil genesis theory, soil is formed under the
comprehensive effect of five environmental factors, i.e., parent material, climate, biology, topography, and time,
among which parent material is the very fundamental one, very closely related to soils. Researchers have made
certain progresses in the study on relationships of soils with the factors, but, apart from some early preliminary
studies in this aspect, few in-depth reports are found in the literature on relationships of soil parent material with soil
factors from the angle of diversity. So this study selected Henan Province for a case study to explore soil elements
and composition and soil classes or types in various soil classification system in relation to diversity of soil forming
parent materials, effects of soil forming parent material on dispersiveness of spatial distribution of soil great groups,
and characteristics and correlations of spatial distribution diversity of the two on a 5 kmx5 km grid scale with the
classical and modified Shannon entropy methods, in an attempt to enrich steadily the knowledge about the trend of
evolvement of the research on soil diversity to that on land diversity. Method Both the classical Shannon entropy
formula and modified Shannon entropy formula were used to characterize the composition and spatial distribution
diversities of soil forming parent materials and soils. First of all, data of soil forming parent materials were extracted
from the data of soil parent materials on the soil genus level based on the soil parent material classification. And with
the aid of the spatial data processing and analysis function of ArcGIS10.2 software, the soil farming parent materials
in Henan Province were sorted into 6 groups. Then the richness index and composition diversity of the various parent
materials and soil elements were calculated with the classical Shannon entropy formula. And number of soil types
and bifurcation ratios relative to each group of parent materials and corresponding relationships of the two in
occurrence were analyzed for further analysis of effects of parent material on the spatial distribution diversity of soil
types with the modified Shannon entropy formula on a 5 kmx5 km grid scale. In the end, spatial distribution
diversities of parent materials and soils (soil group level) in Henan Province were worked out with the modified
Shannon entropy formula and correlation of the two discussed. Result Results show that (1) although the parent
materials in Henan are very limited in type, they are higher in composition diversity than the soils, which is related to
bifurcation ratio of the two in classification. (2) Among the 6 types of parent materials, the type of eluvium and
deluvium is the largest in area and the most complex in soil development. The richness index of soil types increases
with soil classification going from group, subgroup to family in level. The 15 soil types are related to 6 types of
parent materials in one to many, one to one and many to one patterns. (3) Soil types developed from different parent
materials vary in dispersiveness of spatial distribution. Carbonati-Orthic Primosols is the dominant type of soil
developed on eluvium and deluvium type of parent material, while Hapli aquic cambosol and Shajiang aquic vertosol
are on river alluvium and lacustrine sediments, respectively. Yellow ustic argosol and Hapli ustic argosol are the two
types of soils well developed on proluvium, loess and laterite types of parent materials. And sandy orthic primosol is
the only one developed on the aeolian deposit type of parent material. (4) Hapli aquic cambosol and river alluvium

type of parent material is the type of soil and the type of parent material the largest in area and the highest in spatial
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distribution diversity, respectively, in Henan Province. And soil forming parent materials and soil types are related in
spatial distribution diversity to a varying extent. The relationships of the river alluvium type of parent material with
Hapli aquic cambosol soil and of the aeolian deposit type of parent material with sandy orthic primosol are the
highest, while the relationship of the loess and laterite type of parent material with Shajiang aquic vertosol is near nil,
which is reflected in the fact that the area of soil patches common to the two is very limited nearly nothing.

Conclusion To sum up, viewing from the angle of diversity, the 6 types of soil forming parent materials and the 15
soil groups in Henan Province vary in composition diversity and spatial distribution dispersiveness. Moreover, the
two are related in spatial distribution diversity to a varying extent.

Key words Soil forming parent material; Soil; Spatial distribution diversity; Henan Province
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