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ABSTRACT

Cluster analysis was applied in grouping soils based on their scores of the factors controlling
soil variation within 718.326 ha area in Al-Hashimiya District that was located in Babil
province. Forty five sites were randomly sampled and analyzed for hierarchical cluster
analysis which has been used to group samples by using Ward's method and to develop soil
maps. The spatial distribution of distinct groups of elements demonstrates the interplay of
ECe, Gypsum content, and particle size distribution factors. Cluster analysis appears to be
useful for revealing patterns of soil homogeneity and for identifying relationships among soil
properties. Numerical analysis may be a helpful supplementary method for correlating soil
surveys with large soil databases.

Key words: cluster analysis, hierarchical analysis, Al-Hashimiya District, dendrogram,
numerical classification.
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INTRODUCTION

The principal aim of cluster analysis is to
partition observations into a number of groups.
A good outcome of cluster analysis will result
in a number of clusters where the observations
within a cluster are as similar as possible while
the differences between the clusters are as
large as possible. Cluster analysis must thus
determine the number of classes as well as the
memberships of the observations to the
groups. To determine the group membership
most clustering methods use a measure of
similarity between the observations (24). The
similarity is usually expressed by distances
between the observations. cluster analysis can
be applied as an "exploratory data analysis
tool" to better understand the multivariate
behaviour of a data set. It can, however, never
be a "statistical proof” of a certain relationship
between the variables or observations (28).
While factor analysis uses the correlation
matrix for extracting common "factors" from a
given data set most cluster analysis techniques
use distance measures to assign observations
to a number of groups (6). Correlation
coefficients lie between -1 and +1, with 0
indicating linear independence (8). Similarities
were calculated between soil profiles,
represented as shaded similarity matrices,
these were transformed to distances, which
allowed a representation of the multi
dimensional space in a few dimensions to be
calculated. This is called ordination (11).
Cluster analysis is a general term for a family
of statistical classification methods that group
objects. The idea is statistically to minimize
within-group variability while  maximizing
among-group variability in order to produce
relatively homogeneous groups that are
distinct from one another (24). Cluster analysis
has been used to develop conceptual schemes
for grouping soils. Martin et al. (12) used the
similarities among particle-size distributions to
cluster soils, showing that the cluster classes
approximated existing series. The indices form
a matrix are used to construct a dendrogram
which illustrates the clustering into groups and
good agreement with field observations was
obtained. Data analysis in soil classification
studies is easier with statistical tools such as
factor analysis and hierarchical classification
which are explanatory techniques.
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Cluster analysis and Pearson’s correlation
matrix have proven to be useful in offering
reliable classification of the metals and
physicochemical properties of soils (10).
Agglomerative hierarchical clustering starts
from a proximity matrix between individuals,
each one forming a singleton cluster, and
gathers clusters into groups of clusters or
superclusters, the process being repeated until
a complete hierarchy of partitions into clusters
is formed (25). Since numerical classification
of soils is impeded by the so-called anisotropy
of the profiles (not all horizons occur
everywhere) (30), most authors by passed this
problem using soil samples taken at fixed

depths (20). Furthermore, most of the
numerical  classification  studies  used
quantitative chemical and physical soil

properties, which makes them difficult to
apply in the field (21). Therefore, the aim of
this study is to explore the possibilities of a
numerical soil classification system which
starts from soil properties and uses soil
horizons towards soil profile membership
classification. With this classification system
an attempt is made at Al-Hashimiya, Babil to
produce high-resolution soil classes, which
remain compatible to existing higher order
frameworks for soil classification.

MATERIALS AND METHODS

This study was conducted within Al-
Hashimiya District is a part of Babil province,
100 km (62 mi) south of Baghdad, rising 34 m
above sea level. The study area was about
718.326 ha which was located between 44° 27
23.48" to 44° 27' 38.25" of Eastern longitude
and 32° 21' 14.531" to 32° 25' 5.337" of
Northern latitude (Figs. 1, 2). The climate is
considered to be BWh according to the
Koppen-Geiger climate classification (22).
Temperatures can reach as high as 50 °C, the
average annual temperature is 23.1 °C, and
winters are generally mild. The rainfall here
averages 114 mm (Ilragi Meteorology, 2016).
Soil samples were randomly taken from 45
locations in March 2016 (Al-Hashimiya
Project, 2016). The locations of sampling sites
were identified by global positioning system
(GPS) showed in Fig. (3). Soil samples were
taken from A;, C;, and C; horizons of soil
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Figure 1. Location of the study area at Al-Hashimiya District, Babil, Iraqg.
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Figure 2. Location of Al-Hashimiya Project, Babil, Irag.
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Figure 3. Map of the study area showing 45 soil locations.
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profiles, and analyzed for particle size
distribution, electrical conductivity (ECe), and
Gypsum content (CaSO,4). The data were
collected from the Ministry of Water
Resources/National ~ Center  for  Water
Resources Management for characterization of
the standard physical and chemical properties
of the soil samples at the study area. Based on
morphological properties and physicochemical
analysis, soil individuals were classified as
Entisols and Aridisols according to Soil
Survey Staff (26), (27) (Table 1). Statistical
analysis was performed with Statistical
Programme for Social Sciences (SPSS®
software) version 16.0 for the computation of
the hierarchical cluster analysis, which
represents a quantitative independent approach
of soil individuals and variables classification
in environmental studies. Hierarchical cluster
analysis was performed to identify analogous
behaviour among the different characteristics
of soils and also among soil individuals. It was
performed on the normalized data set by
means of Ward’s method using squared
Euclidean distances as a measure of similarity
between soil individuals (19). There are two
approaches to hierarchical clustering: we can
go\from the bottom up", grouping small
clusters into larger ones, or \from the top
down",splitting big clusters into small ones.
These are called agglomerative and divisive
clusterings, respectively. In this study we stick
to agglomerative clustering. Ward's method
says that the distance between two clusters, A
and B, is how much the sum of squares will
increase when we merge them:

A(A, B) = YicausllX; — Miaupll® —

—

YieallX; — myl1? — YicpllX; — migll? ....... 1)
_ myng — = 2
= g Mg —mgl® )

where mi; is the center of cluster j and n;is the
number of points in it. A is called the merging
cost of combining the clusters A and B. With
hierarchical clustering, the sum of squares
starts out at zero (because every point is in its
own cluster) and then grows as we merge
clusters. Ward's method keeps this growth as
small as possible (7). Minasny and McBratney
(13) indicate that characters should be as
numerous as possible, free of inter-influences,
and that they should be treated with equal
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importance (i.e.with equal weights).Soil
provide numerous characteristics for use in
classification. However, the charactes are not
independent of each other. Soil scientists are
reluectant to give equal weights to all soil
characters. Fifteen soil characteristics were
used to arry 45 soil individuals in a taxonomic
dendrogram (Table 1), (Table 2).

RESUTS AND DISCUSSION

The first step in the hierarchical clustering
process is to look for the pair of samples that
are the most similar, that are the closest in the
sense of having the lowest dissimilarity,.
These two samples are then joined in the first
step of the dendrogram, or clustering tree (the
vertical scale of 0 to 25 which calibrates the
level of clustering). The point at which they
are joined is called a node. Hierarchical
agglomerative clustering HAC is a bottom-up
technique to generate a tree-like structure of
clusters called dendrogram. In each level of
the dendrogram, a full clustering of the
underlying data is depicted. HAC usually
starts at the level of single data records and
consecutively merges records and/or clusters,
thereby creating the dendrogram. In the
agriculture data, hierarchical clustering may be
applied, given that two specialties are taken
into account. First, due to spatial
autocorrelation, the lowest level from which
HAC starts may be replaced by contiguous
zones which can be generated using a spatial
tessellation. Second, HAC may proceed as
usual but should consider a spatial constraint:
since the resulting management zones are
suggested to be contiguous, only spatially
neighboring zones are to be merged (16).
Tables (3), (4), and (5) showed the results of
the first step with the assignment of 9, 9, and
10 provisional clusters, respectively. They
summarize the number of samples, which fell
into a respective cluster, the ranges and the
means relevant to five variables used in the
analysis. In the second step, hierarchical
cluster analysis followed in order to group the
provisional cluster into some final clusters.
Results of dendrograms in Figs. (4), (5) and
(6) showed that the all clusters were identified
through two different trials, agreed well with
each other at the 0.05 level (2-tailed) except in
the "silt content" factor scores.
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Table 1. Soil individuals of the study area.

. Class of lower .
Soil number Order category Location
1. Entisols Typic Torrifluvents ~ 32.382° N - 44.466° E
2. Aridisols  Gypsic Haplosalids 32.383° N - 44.464° E
3. Entisols Typic Torrifluvents  32.379°N - 44.457° E
4. Entisols Typic Torrifluvents  32.386° N - 44.469° E
5. Entisols Typic Torrifluvents  32.380° N - 44.460° E
6. Entisols Typic Torrifluvents  32.377° N - 44.469° E
7. Entisols Typic Torrifluvents ~ 32.373° N - 44.468° E
8. Entisols Typic Torrifluvents  32.372°N - 44.463° E
9. Aridisols  Gypsic Haplosalids 32.366° N - 44.459° E
10. Entisols Typic Torrifluvents  32.370° N - 44.467° E
11. Entisols Typic Torrifluvents  32.396° N - 44.470° E
12. Entisols Typic Torrifluvents  32.382° N - 44.450° E
13. Aridisols  Typic Haplosalids 32.402° N - 44.465° E
14. Aridisols Typic Haplogypsids 32.393° N - 44.463° E
15. Entisols Typic Torrifluvents ~ 32.410° N - 44.461° E
16. Entisols Typic Torrifluvents  32.416° N - 44.457° E
17. Entisols Typic Torrifluvents ~ 32.415° N - 44.455° E
18. Entisols Typic Torrifluvents ~ 32.405° N - 44.471° E
19. Entisols Typic Torrifluvents  32.367° N - 44.464° E
20. Entisols Typic Torrifluvents  32.364° N - 44.463° E
21. Aridisols Typic Haplogypsids 32.360° N - 44.466° E
22. Entisols Gypsic Haplosalids 32.360° N - 44.457° E
23. Entisols Gypsic Haplosalids 32.366° N - 44.456° E
24. Entisols Typic Torrifluvents ~ 32.360° N - 44.464° E
25. Entisols Typic Torrifluvents  32.356° N - 44.462° E
26. Aridisols  Typic Haplogypsids  32.366° N - 44.467° E
27. Entisols Typic Torrifluvents ~ 32.389° N - 44.468° E
28. Entisols Typic Torrifluvents ~ 32.400° N - 44.470° E
29. Entisols Typic Torrifluvents  32.405° N - 44.468° E
30. Entisols Typic Torrifluvents  32.406° N - 44.467° E
3L Aridisols  Typic Haplogypsids ~ 32.414° N - 44.459° E
32. Entisols Typic Torrifluvents  32.386° N - 44.473° E
33. Aridisols  Typic Haplogypsids ~ 32.392° N - 44.469° E
34. Entisols Typic Torrifluvents ~ 32.372° N - 44.465° E
35. Entisols Typic Torrifluvents  32.364° N - 44.463° E
36. Entisols Typic Torrifluvents  32.381°N - 44.471°E
37. Entisols Typic Torrifluvents  32.408° N - 44.464° E
38. Entisols Typic Torrifluvents  32.380° N - 44.453° E
39. Entisols Typic Torrifluvents  32.391° N - 44.465° E
40. Entisols Typic Torrifluvents  32.398° N - 44.464° E
41. Entisols Typic Torrifluvents ~ 32.377° N - 44.463° E
42. Entisols Typic Torrifluvents  32.399° N - 44.467° E
43. Entisols Typic Torrifluvents  32.394° N - 44.467° E
44, Entisols Typic Torrifluvents  32.379° N - 44.466° E
45. Aridisols  Gypsic Haplosalids 32.361° N - 44.461° E
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Table 2. Soil individuals characteristics.

ECe of A; Horizon
ECe of C; Horizon
ECe of C, Horizon
Content of Gypsum of A; Horizon
Content of Gypsum of C, Horizon
Content of Gypsum of C, Horizon

©CoNoRA~WNE

Content of Sand fraction of A; Horizon
Content of Sand fraction of C, Horizon
Content of Sand fraction of C, Horizon
Content of Silt fraction of A; Horizon
Content of Silt fraction of C, Horizon
Content of Silt fraction of C, Horizon
Content of Clay fraction of A; Horizon
Content of Clay fraction of C, Horizon
Content of Clay fraction of C, Horizon

Table 3. Summary of hierarchical cluster analysis based on A; soil horizon characters.

o ECe Gypsu Clay Silt Sand
-1 -1 -1 -1 1

2l 2 dSm g kg g kg g kg g kg-
2|o &

o S [<5] [<B] [<B) (5} [<B]
s2s5| §| 2 | § | 2| § 2 5 g | g 2
c el 2 S L S QL S QL IS L S
T = 04 = ¥ = 04 = 04 = x
A 10 3985 8.1-95 63.85  9-104 360.23  320.6-440  547.80  490-572  90.20  60-110

B 1 703 - 93.00 - 19000 - 662.00 - 14800 -
cC 1 1100 - 4000 - 10000 - 570.00 - 33000 -
D 4 747 491094 1832 3-51.5 28250  240-300 632.00 604-674 8550  70-100

E 3 505 21678 9.00 6.6-12.3 415.00  385-440 511.67 506-520  63.33  40-76

F 7 827 32-1636 13.00 6.1-23.7 328.06 3225-3435 567.84 562.7-572 101.77  89.6-105.6
G 8 395 07-1094 1471 0.5-51.5 341.07  300-380 570.9  549-630  86.61 58-105.6
H 10 1052 38-1857 218- 6.1-34 32540  303-350 563.30  530-575  109.62  83-150

| 1 4500 - 3070 - 32250  ---e- 572.00  ----- 103.00 -

Table 4. Summary of hierarchical cluster analysis based on C; soil horizon characters.
. ECe Gypsum Clay Silt Sand

5 = dsm? g kg™ g kg kg™ kg-*

E §

(&) E (3] (3] (5] (3] [«5)
[ o = o = x p= hd = ¥ = o

Z

A 8 1813 11.3-239  12.90 10-188 34317  330-356 549.04 545557 94.77 87.4-110.7
B 3 363 2853 6.66 09-121 31666  295-330 61266  595-622 70.66 48-84

C 4 663 4184 17.80 14-23 29372 280-305 549.80  530-557.3 13877  120-170
D 3 406 168870 333 2-4.4 32246  300-353.6 550.30  548-5546 11896  87-152
E 9 675 28226 14.21 122-16  353.04  338.8-366 550.84 5485538 10200  101.5-107
F 8 672 41411 11.62 10-148 37460  340.2-420 54268 5205526  87.30 50-105.8
G 3 415 1556 7.10 03-121 41333  295-500 526.66  464-621 60.00 36-84

H 4 3970 304505  17.30 8-30.2 378.02  327-440 52540  495-556 93.67 62-110

| 3 860  6.4-11.17  34.46 13-47.4  167.33  92-300 629.33  578-678 20333 68-330

Cluster C in Fig. (4) was compared to cluster |
in Fig. (5) and both of them showed a slightly
gypsiferous value in terms of the "gypsum
content™ factor scores according to Barazanji
(4), on the other hand, cluster C in Fig. (4) had
no significant characteristics with the rest of
the clusters at the 0.05 level (2-tailed) due to a
lesser extent of "clay content”. Hierarchical
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clustering of Al-Hashimiya soils showed that
the elements were associated with salinity that
could be interpreted in terms of parent
material, surface-water salinity, Irrigation and
drainage (3). Gypsiferous soils can readily be
classified as highly sensitive to environmental
conditions such as salts accumulation on the
soil surface (1).
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Table 5. Summary of hierarchical cluster analysis based on C, soil horizon characters.

ECe Gypsum Clay Silt Sand
5| 8 ds m* gkg™ g kg™ g kg™ g kg-*
ER
- £ c @ - @ - @ c @ c @
£1% | § g 5 g 5 g g g g £
g | = g > & > & = g > g
A 7 7.39 6.07-8.88 10.86 9.4-145 448.43 432.7-473.6  509.54 488-525.9 42.00 35-51
B 1 726 - 1080 - 540.00 - 44200 - 1800 -
C 6 3.94 1.28-560 7.11 0.1-11.4 395.70 365-420 546.50 525-565 62.40 52-79.8
D 3 20.35 17.6-243 5.36 6-4.1 382.76 358.3-410 545.03 520-563.1 72.33 70-79
E 4 15.35 5.6-21.8 11.10 8-15.8 320.52 296.4-354 585.52 569.5-598 94.00 66.3-110.2
F 1 311 10— 34000 - 52800 ---- 13200 -
G 2 5.93 5.29-6.58 40.85 39-42.7 267.50 200-335 614.00 566-662 118.50 99-138
H 9 6.05 3.3-9.8 10.64 0.3-20 323.40 277.5-463.4 589.33 488-616.7 86.82 51-106.6
| 8 7.84 1.76-17.1 9.02 4.3-125 336.85 310.2-365 574.88 552-597.7 89.44 70-104.7
J 4 10.80 6.6-13.15 4.55 1-6.8 233.30 145-310 612.15 532-671 152.07 118.6-184
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Figure 4. Taxonomic dendrogram based on A; soil horizon characters.
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Figure 5. Taxonomic dendrogram based on C; soil horizon characters.

Cluster A of hierarchical clustering of A; soil
horizon in Fig. (4) showed elements
associations with extremely salinity (5) and
slightly gypsiferous in the dendrogram.
Elements of cluster F were typically associated
with moderately salinity and very slightly
gypsiferous. Also elements of cluster H were
closely related in the dendrogram, further these
elements were commonly associated with
highly salinity and very slightly gypsiferous.
Cluster | showed element distinctly separated
from elements of cluster H based on extremely
salinity spatial trends of the clusters (23).
Elements of Cluster A of hierarchical
clustering of C; soil horizon in Fig. (5) were
strongly associated with highly salinity in the
dendrogram. Elements of clusters E and F
were also closely related in the dendrogram.
However, they were associated with
moderately salinity but cluster F separated
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from elements of cluster E due to a lesser
extent of "sand content™ factor scores. Clusters
A and B of hierarchical clustering of C, soil
horizon in Fig. (6) showed elements
associations with moderately salinity and very
slightly gypsiferous but cluster B separated
from elements of cluster A due to a higher
extent of "clay content” factor scores. Element
of cluster F with severely salinity and non
gypsiferous distinctly separated from elements
of cluster E in the dendrogram. As described
above, four outstanding clusters were
recognized (Fig. 7). One of them was however,
apparently a much larger cluster than the
others. Although clusters with special soil
characteristics were identified, it is considered
that the procedure may have overlooked the
minor differences. It may be more useful to
assign multiple disjoint levels for the practical
classification of the soils. The soil map shown
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in Fig. (8) was compiled based on A; soil western corner of the study area. In general,
horizon characters using Ward's method. these two clusters covered 9.52%-8.04% of the
Clusters A and B were located in the south - total study area respectively.
Dendrogram uving Ward Linkage
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Figure 6. Taxonomic dendrogram based on C; soil horizon characters.
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Figure 7. Taxonomic dendrogram based on A;, C; and C; soil horizon characters.
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Figure 8. Soil map based on hierarchical cluster analysis for A; horizons.
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Figure 9. Soil map based on hierarchical cluster analysis for C; horizons.
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Figure 10. Soil map based on hierarchical cluster analysis for C, horizons.
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Figure 11. Soil map based on hierarchical cluster analysis for A;, C;, and C; horizons.

582



Iraqgi Journal of Agricultural Sciences —2019:50(2):567-585

Saleh

Cluster F dominated at the center of the study
area and appeared as a belt in the north -
western parts of the study area. Moreover
cluster F covered 19.15% of the total study
area. Clusters G and H were mainly distributed
as narrow belts in the north - western corner of
the study area. Further these clusters covered
16.10%-15.62% of the total study area
respectively. This type of distribution may be
due to the effect of pedogenic processes and to
some extent to geomorphic processes, and
landscape position (14). The soils which were
fell into a given cluster are alluvial in nature,
originating from different soils, rocks,
unconsolidated sediments deposited by the
Tigris and the Euphrates rivers and their
tributaries. The Tigris and the Euphrates also
carry large quantities of salts. These, too, are
spread on the land by sometimes excessive
irrigation and flooding (29). The soils based on
C; soil horizon characters were also classified
by hierarchical cluster analysis and compiled
into a soil map as shown in Fig. (9). Clusters D
and E were relatively scattered all over the
area, but their distribution patterns decreased
at the center of the study area. In general, these
two clusters covered 12.42%-13.55% of the
total study area respectively. Cluster F ran
across the study area with randomly
distribution covered 22.41% of the total study
area. While cluster H dominated at the center
of the study area and gradually decreased
toward north - western corner of the study
area. In general, cluster H covered 14.95% of
the total study area. The spatial distribution
map of these soils reflect the effect of
physiographic, geological, and young
calcerous alluvium parent materials (18). As a
comparison, the soils based on C; soil horizon
characters were classified by hierarchical
cluster analysis and compiled into a soil map
as shown in Fig. (10). Cluster A dominated at
the center of the study area due to the
deposition of the Tigris and the Euphrates
river sediments in the direction normal to its
flow path (2).

The area of cluster A covered 7.34% of the
total study area while cluster F covered
16.07%. appeared as narrow belts in the north
and south - eastern parts of the study area. This
type of distribution may be due to the effect of
climatic conditions, soil texture, landscape

583

positions, groundwater level, quality of
irrigation water, and human activities (9).
Cluster H was relatively scattered all over the
area, covered 12.73% of the total study area,
reflecting the effect of the dominant local
conditions, mainly, climatic and type of parent
materials (15), (17). The soil grouping
technique proposed here produced a consistent
classification without being affected by an
initial setting and led to similar results using
different strategies (Fig. 11). We conclude that
the proposed method satisfied the practical
requirement of the soil classification and
mapping and enabled to handle a larger
number of soils. The use of cluster analysis,
and perhaps other numerical methodologies,
can be a useful way to array technologies and

methods to identify and quantify soil
individuals  relationships.  Patterns  of
homogeneity and combinations of

distinguishing soil attributes can be more
objectively identified through mathematical
analyses. We envision cluster analysis as one
of many statistical methods that may be used
in future soil survey activities. Statistical
analyses, combined with careful field
observation and evaluation by trained and
experienced soil scientists, can produce a new
generation of more quantitative soil surveys---
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