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Abstract  
 The scientific study of the soil started almost 70-80 years ago with two school of thoughts, one worked 

in the lab and others in field. The main aim of the researchers studying in the field was to determine the profiles 
of soil along with its horizons so as to extent the knowledge on physical, chemical and biological properties. 
The distinctness  of soil with depth means that soil has unique profile. All the soils in the world has some 
specific depth functions. The change of soil color or soil texture in a soil profile can be considered a good 
indicator of the soil formation and process and has been used as a proxy for degree of development or  soil 
age . Uniform, gradational and rapidly changing soil textures are examples of soil profile forms used for soil 
classification. In the current study we studied twelve profiles having four different land uses and observed 
several horizons having various boundaries. The upper horizons were having diffused and wavy boundaries 
than the lower horizons. There was seen a clear relationship between the horizons and the various land uses.  
The study is very important as the soils in Himalayas are not very well developed and are prone to erosion.  
The study will help researchers and policy makers.  
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Introduction  
Pedology is one of most fascinating and ancient branch of soil science and includes petrology and 
pedogenesis (Ma et al., 2019, Bonfatti et al., 2018, Padarian et al., 2018, Zeraatpisheh  et al., 2017, Zhang et 
al., 2017, Rahmati et al., 2017, Angelini et al., 2017) The other branches of soil science are said to be evolved 
from this particular branch. Dokuchiev the father of soil science is known to be first pedologist as he wrote his 
book entitled “Fundamental principles of pedology”. The scientific study of the soil started almost 70-80 years 
ago with two school of thoughts, one worked in the lab and were known as agro-chemists (Neina, D. 2019).  
The main aim of their study was to enhance soil conditions in existing agriculture fields. The second group of 
researchers were few and they worked in the field and were known as agro-geologists or pedologists. 
(Hartemink 2009, Brevik 2009, Hartemink et al., 2008, Feller et al., 2008, Hartemink et al., 2001)   Their aim 
was to expand the knowledge of soil while characterizing, classifying and mapping it. The soil science became 
an established science when agro-geologists and agro-chemists held a joint meeting which later got 
established into a professional society the International Society of Soil Science in 1924. These pedologist 
worked in the field and reported that the pedogenesis or pedological process are said to be responsible for the 
horizon development (Owliaie et al., 2018, Abbaslou  et al., 2013, Moazallahi, and Farpoor 2011 , Dominati et 
al., 2010, Khresat, Qudah 2006, Moazallahi, and Farpoor 2009). The major factors responsible for the 
formation of soil horizons include parent material, climate, organism, relief and time (Mishra and Roy 2019, 
Mahala 2018, Zhang et al., 2016)These horizons play an important impact on soil classification. The 
classification of any soil depends upon the number and type of horizons present. Hans Jenny (1941) reported 
that all the soils in this world have vertical distribution and is called horizons. These horizons reveal the 
potential problems as well as history and environment of the region. Generally, three genetic horizons occur 
which include master horizons, transitional horizons and subordinate distinctions within master horizon (Zhang 
et al., 2019a, Zhang et al., 2019b, Lowe 2019, Wu et al., 2018).  Each horizon is described with the characters 
including horizon depth, horizon symbol, soil color under dry wet and moist conditions, mottling, texture, 
consistency, cutans, concretions, nodules and cementation. Many researchers have worked on the soil 
horizons. Jenny stated that horizon designation is a difficult process and needs a lot of expertise and 
suggested use of soil indicatrix for refinement and clarification of soil profiles and horizons.( Minasny  et al., 
2016). However, there are so many difficulties for horizon recognition and has been considered more of an art 
based on previous experience rather than a science having defined set of principles.  



 

 

                        The classification of soils depends upon the classification of soil horizons within that profile. The 
approach appeared to be very simple as it was thought that soil profiles are formed by the straight forward 
interaction of active and passive soil forming factors including climate, biota, parent material, relief over a 
certain period of time, leading to development of soil with specific horizon sequence (Silva et al., 2018, 
Bockheim 2018, Ribeiro et al., 2017, Macedo et al., 2017, Stockmann et al., 2016, Sidorova 2016, Roudier et 
al., 2016, Mohammed et al., 2016, Minasny et al., 2016, Khitrov et al., 2016)  This led to the concept of 
homology in soil science as it could form basis of classification. As in the animal and plant kingdom the 
classification is based on homologous relationship because of certain prominent characters, but it is intricate 
and outrageous to develop such relations in soil science. If the two soils have similar profiles still, they can 
differ due to the horizon depth and boundary (Hartemink et al., 2020, Goebes et al., 2019) In a profile the soil 
measurements are usually done on the basis of horizons, or defined depth intervals. Soil samples are usually 
bulked on the basis of horizons, ensuing in “stepped” data which may dissemble the persistence of soil 
properties. Soil scientists also measure soil properties at fixed depth intervals. The current study was to identify 
and delineate soil horizons, and its depth and boundary along the profile in various land uses.  
Table 1 Previous study on soil horizons  
Topic Name  Country  Author 
 Variation of the soil horizons in the soil profile USA Hartemink et al., 

2020 
Digital mapping of a soil profile USA Zhang et al., 2016 

Application of mid-infrared spectroscopy for rapid 
characterization of key soil properties for engineering land 
use 

Kenya Warura et al., 2019 

Improving In-Situ Estimation of Soil Profile Properties Using 
a Multi-Sensor Probe 

USA  Pie et al., 2019 

Characterization of soil profiles in a landscape affected by 
long-term tillage 

USA Papiernik et al., 
2007 

Soil spatial patterns analysis via X-ray fluorescence 
spectrometry and multivariate statistical methods 

Romania  Pîrnău et al., 2020 

A vertical profile imaging method for quantifying rock 
fragments in gravelly soil 
 

China  Jiang et al., 2020 

 
Material and Methods  
Study area  The study area is located in the temperate Himalaya of the North–Western part of India between 
the latitude 34º12ʹ to 34º20ʹ North latitude and 74º20ʹ to 74º34ʹ East longitude with an elevation of 1584 meters 
and an area of 3353 km2. The region has the high, mid and low altitudes consisting of mountains, hills and 
valleys. The region has an annual rainfall of 1270 mm and an average temperature of 24° C. The highland is 
separated by a wide valley which is stretched by the river Jhelum in the eastern and western direction. In the 

north western part is the Jhelum and in the southern part is Pakistan. The topography of the area steep slopy 
to moderately slopy with some plain area as well.  
 
Fig 1 gis map of the study area  
Soil profile description and sampling 



 

 

The 12 profiles were excavated from the study site with four different land uses including agriculture, 
horticulture, forest and fallow lands. Theses profiles were exposed for two to three days so that the horizons 
are easily differentiated. Samples were collected from each horizon to a depth depending on the development 
of the soil and the lithic contact below the soil. The horizons  were depicted following the standard descriptive 
nomenclature (Schoeneberger et al., 2012), with the following modifications: (i) an A horizon for forest  sites is 
a mineral horizon that is moulded  at the surface and is depicted by an accretion of organic matter intimately 
mixed with the mineral fraction and not dominated by characteristics of E or B horizons; (ii) an A horizon on 
cultivated sites (designated as Ap) is a mineral horizon that formed at the surface and has properties resulting 
from cultivation; (iii) a plowed mineral horizon, even though previously an E or B horizon, is designated as an 
Ap; (iv) an E horizon is a mineral horizon in which the dominant pedogenic process is loss of silicate clay; and 
(v) an argillic B horizon is characterized by an illuvial concentration of clay. For the purposes of this study, an A 
horizon at the native sites and an Ap horizon at the cultivated sites were designated as surface horizons. A 
subsurface horizon was an E and/or a transitional AB, EB, or BE horizon dominated by the characteristics of A, 
E, or B horizons, where the first letter designates the horizon most characteristic of the subsurface horizon. An 
argillic B horizon  
 
Results and discussion  
In the twelve soil profiles with four land uses certain soil horizons were reported. Four land uses were 
excavated from each altitude including the high, mid and low altitude. The horizons were distributed according 
to the clay content, soil consistency, texture, structure and the color of the soils. 

 In Profile P1, five horizons were present and the depth ranged from 0-179 cm. The surface horizon (Ap) was 
having a depth of 0-21 cm with diffused wavy boundary and brown color (10YR 5/3). The sub-surface horizons 
(AB, Bt1, Bt2, Bt3) ranged from 22-179 cm and were having clear smooth to diffused wavy boundary and the soil 
color varied from pale brown (10YR 4/2) to dark brown (10YR 2/2). In dry conditions the consistency of these 
soils ranges from hard to very hard, firm and friable in moist conditions and moderately sticky to sticky when 
wet. The plasticity was slightly plastic to plastic in all horizons and no effervescence was recorded in these 
horizons. In Profile P2, there were three horizons and total soil depth was 83 cm with surface horizons (Ap) 
having a depth of 18 cm. The subsurface horizons. The color of surface and sub-surface horizons ranged from 
brown (10YR 5/3) to slightly greyish brown (10 YR 5/2). The boundary of these soils ranged from gradual wavy 
to diffused wavy and texture varied from sandy loam to loam. Dry consistency of these horizons varied from 
slightly hard to hard, moist consistency from friable to firm and wet consistency from slightly sticky to non-sticky 
and non-plastic. An effervescence was recorded in sub-surface horizons. There was no evidence of clay 
cutans, mottles or cracks in different horizons of the profile. While as many fine to few fine roots were observed 
throughout the profile.The Profile P3, had a total depth of 188 cm in five horizons and the depth of surface 
horizon ranged from 0-17 cm and soil color recorded was brown (10 YR 5/4). The sub-surface horizons were 
having a color value of pale brown (10YR 4/3) to dark brown (10 YR 3/2). Soil texture of surface horizons was 
sandy loam and that of sub-surface horizons was loam to clay loam. The upper horizons were having clear 
smooth boundary while the lower horizons recorded diffused wavy boundary. The soil structure of surface 
horizons was having coarse weak and crumb structure and the lower horizons were having medium moderate 
angular blocky to fine moderate sub-angular blocky structure. In dry conditions the consistency of these soils 
ranged from loose to slight hard, friable when moist and slightly sticky when wet. The plasticity was slightly 
plastic to plastic with no effervescence in all the horizons. Roots were present in all horizons while as fine roots 
were confined up to a depth of 85 cm only.In profile P4 surface horizons extended up to 30 cm with total soil 
depth of 114 cm. The soil color of surface horizons was brown (10YR 5/4) and the sub-surface horizons were 
having dark brown color (10YR 3/4). The horizon boundary was clear smooth in surface horizons and diffused 
wavy in sub-surface horizons. The texture of surface horizons was sandy loam with coarse moderately 
granular structure and the sub-surface horizons were having loamy to clay loam texture with medium moderate 
sub angular blocky to fine strong angular blocky structure. The consistency varied from hard to very hard when 
dry, friable to very firm when moist and slightly sticky to sticky under wet conditions. The horizons were slightly 
plastic to plastic in nature with no effervescence. Few fine roots to very few fine roots were observed in the 
surface horizons only. 

The profile P5, had a total depth of 191 cm in five horizons and the depth of surface horizon ranged from 0-24 
cm and soil color recorded was brown (10 YR 4/4). The sub-surface horizons were having a color value of dark 



 

 

brown (10YR 3/2). Soil texture of surface horizons was loam and that of sub-surface horizons was silt clay 
loam to clay. The upper horizons were having diffused wavy boundary while the lower horizons recorded clear 
smooth boundary. The soil structure of surface horizon was having medium moderate sub-angular blocky 
structure and the lower horizons were having fine strong angular blocky to fine strong sub-angular blocky 
structure. The consistency varied from hard to extremely hard when dry, friable to very firm when moist and 
slightly sticky to sticky when wet. The plasticity was slightly plastic to moderately plastic with no effervescence 
in all the horizons. Roots were present in all horizons while as fine roots were confined up to a depth of 85 cm 
only. Profile P6, five horizons were observed with a total depth of 162 cm with surface horizons having a depth 
of 19 cm. The color of surface and sub-surface horizons ranged from brown (10YR 4/3) to very dark brown (10 
YR 2/3). The boundary of these soils ranged from clear smooth to diffused wavy and texture ranged from loam 
to clay loam. The soil structure of surface horizon was coarse moderate granular to fine strong sub angular 
blocky in B horizon whereas BC horizon was having fine strong sub-angular blocky structure. Dry consistency 
of these horizons ranged from hard to extremely hard, moist consistency from friable to very firm and wet 
consistency from slightly sticky and slightly plastic to sticky and plastic in surface to sub-surface horizons, 
respectively. No effervescence was recorded in all horizons. There was no evidence of clay cutans, mottles or 
cracks in different layers of the profile. While as many coarse roots were present in surface horizons and fine 
to few fine roots were observed throughout the profile. Profile P7 four horizons were present and the depth 
ranged from 0-152 cm. The surface horizon was having a depth of 27 cm with diffused wavy boundary and a 
light yellowish brown color (10YR 5/4). The sub-surface horizons ranged from 28-152 were having diffused 
smooth to diffused wavy boundary and the soil color of pale brown (10YR 4/3) to brown (10YR 4/4). The 
textural class of these soils ranged from sandy loam to loam and structure varied from coarse weak sub-
angular blocky in surface horizons to fine strong angular blocky in sub-surface horizons. The consistency was 
slightly hard to very hard when dry, friable to firm when moist and slightly sticky to sticky when wet. The soils 
were slightly plastic to plastic and no effervescence was recorded in all these horizons. The profile P8 surface 
horizons extended up to 25 cm with total soil depth in a range of 149 cm. The soil color of surface horizons 
was greyish brown (10YR 3/3) and the sub-surface horizons were having very dark brown color (10YR 2/2). 
The horizon boundary was clear smooth in surface horizons and gradual smooth in sub-surface horizons. The 
texture of surface horizons was silt loam with coarse moderately granular structure and the sub-surface 
horizons were having loam to clay loam texture with medium moderate sub-angular blocky to fine strong sub-
angular blocky structure. The consistency varied from slightly hard to hard when dry, loose to friable when 
moist and slightly sticky to moderately sticky under wet conditions. The horizons were slightly plastic to plastic 
in nature with no effervescence. Few fine roots to very few fine roots were observed in the surface horizons 
only. 

 In profile P9, there was total depth of 188 cm in six horizons and the depth of surface horizon ranged 
upto 13 cm and soil color recorded was light brown (10 YR 5/4). The sub-surface horizons were having a color 
value of yellowish brown (10YR 3/4) to very dark brown (10 YR 2/3). Soil texture of surface horizons was silt 
loam and that of sub-surface horizons was silt loam to silt clay loam with BC1 horizon having sandy texture. 
The upper horizons were having diffused wavy boundary while the lower horizons recorded clear smooth 
boundary. The soil structure of surface horizons was having medium moderate sub-angular blocky and the 
lower horizons were having medium moderate sub angular blocky to fine strong angular blocky structure with 
BC1 horizon having coarse weak and granular structure. The consistency varied from hard to very hard when 
dry, friable to firm when moist and slightly sticky when wet. The soils were slightly plastic with no effervescence 
in all the horizons. Roots were present in upper horizons while as fine roots were confined up to a depth of 96 
cm only.In profile P10, there were five horizons and total soil depth was 173 cm with surface horizons having a 
depth of 19 cm. The color of surface and sub-surface horizons ranged from light yellowish brown (10YR 5/2) to 
very dark brown (10 YR 2/2). The boundary of these soils ranged from clear smooth to diffused wavy and 
texture ranged from silt loam to silt clay loam. The soil structure of surface horizon was coarse moderate 
crumb to medium moderate angular blocky in sub-surface horizons. Dry consistency of these horizons was 
slightly hard to hard, moist consistency from loose, friable to very firm and wet consistency from slightly sticky 
and slightly plastic to moderately sticky and moderately plastic in surface to sub-surface horizons respectively. 
None of the horizons recorded effervescence. There was no evidence of clay cutans, mottles or cracks in 
different layers of the profile. While as many coarse roots were present in surface horizons and fine to few fine 
roots were observed throughout the profile. In profile P11, there were six horizons and total soil depth was 207 
cm with surface horizons having a depth of 28 cm and the lowest horizons showed the presence of water. The 



 

 

color of surface and sub-surface horizons ranged from yellowish brown (10YR 4/2) to very dark brown (10 YR 
2/2). The boundary of these soils ranged from clear smooth to graduated smooth and texture varied from clay 
loam to clay in the surface and sub-surface horizons. The soil structure of surface horizon was medium 
moderate sub-angular blocky to fine strong angular blocky and fine strong sub-angular blocky structure. Dry 
consistency was slightly hard to very hard, moist consistency from friable to very firm and wet consistency from 
slightly sticky-slightly plastic to moderately sticky and plastic from surface to sub-surface horizons, 
respectively. No effervescence was recorded in all horizons. There was no evidence of clay cutans, mottles or 
cracks in different layers of the profile. While as many fine to few fine roots were observed throughout the 
profile. The profile P12 surface horizons extended up to 28 cm with a total soil depth of 88 cm. The soil color of 
surface horizons was light yellowish brown (10YR 5/4) and the sub-surface horizons were having brown color 
(10 YR 5/3). The horizon boundary was smooth clear in surface horizons and wavy gradual in sub-surface 
horizons. The texture of surface horizons and the sub-surface horizons was loam with medium moderate 
granular structure. The consistency in dry conditions was slightly hard to hard, in moist conditions it was friable 
to firm and slightly sticky to sticky under wet conditions. The horizons were slightly plastic to moderately plastic 
in nature with no effervescence. There was no evidence of clay cutans, mottles or cracks in different layers of 
the profile.  

Discussion  
 In the study area twelve soil profiles were exposed, four from each altitude with various land uses. The 
soils of study area were moderately deep to deep except profile P2, P4 and P12 which showed a shallow depth. 
The soils of P8 and P7 mid altitude were comparatively shallower than the rest of profiles. The variation of 
profile depths may be attributed to the variation in topography and slope gradient (Wubie and Assen 2020, 
Husien et al., 2015, Bangroo et al., 2021, Sitangang et al., 2006; Prathibha et al., 2018). The other reasons are 
removal of finer soil particles, erosion of upper horizons, paucity of soil plasma, the degree and intensity of 
factors of soil formation etc. (Sitangang et al. 2006, Dengiz et al. 2012, Bashir et al., 2021, Naidu and Sireesha 
2013 Karuma et al. 2014 and Harshitha et al. 2018). The color of soils in high altitude varied from dark brown 
to brown and in mid altitude it varies from dark brown to pale yellow. Similarly the soil color of low altitude 
ranges from dark brown to yellowish brown. In the various land uses the soils of forest area were darker than 
the other land uses. The soil color is apparent character of chemical and mineralogical properties. The textural 
property of the soils as determined by moisture regime and topographic position also play dynamic part in soil 
color. (Choudhury et al. 2013, Bashir et al., 2019, Bashir et al., 2016 Naidu and Sireesha 2013, Moritsuka et al. 
2014, Purswani 2018. The data also revealed that surface soils were darker in color which may be due to large 
quantity of organic matter and clay humus complexes. The presence of grey color in these profiles may be due 
to clotting of calcium and iron with humus component. The yellowish brown, dark yellow brown, dark brown, 
and very dark brown color in the upper and lower horizons of profiles reveals a good drainage condition of 
these soils (Panagos et al. 2018, Debele et al. 2018 and Chen et al. 2018.  

The structure of the soils of high altitude was coarse granular to angular blocky while as in the mid altitude it 
varied from medium granular to medium moderate sub angular blocky. The low altitude were having soil 
structure of medium moderate angular blocky to fine strong sub angular blocky. The soils of agriculture land 
use were having fine strong sub angular structure while as the forest soils were having weak granular to 
medium moderate sub-angular blocky structure. The hardness and development of sub-angular blocky and 
angular blocky structure may be associated with increase in clay fraction, compaction, tillage and climate ( 
Tellen and Yerima 2018). The consistency in the profiles ranged from slightly hard to hard, friable to very firm 
and slightly sticky to sticky under dry, moist and wet conditions, respectively. The surface horizons showed 
slight hardness, friable and slight sticky nature which may be attributed to the high organic carbon, continuous 
manipulation and less amount of clay. (Ukut et al., 2014; Yitbarek et al., 2016 and Fekadu et al., 2018). The 
increase in hardness, firmness and stickiness increased with the depth which may be associated with  the 
increase in compaction and clay content in sub-surface horizons (Pulakeshi et al. 2014).  

Conclusion  
In the study of profiles  we have observed both shallow and deep profile depths. In the higher altitudes the 
profile depth was less than the low and mid altitudes representing the effect of topography and slope on the 
soil formation.  The horizon boundary were broken, clear, diffused, gradual, smooth and wavy. Mostly in all the 
profiles the boundary were clear and smooth representing a mature profile. The soils had fine weak granular to 



 

 

medium moderate crumb structure in surface horizons with increase in grade, class and type (sub-angular 
blocky to angular blocky) in the sub-surface horizons. The consistency changed from slight hard, friable, 
slightly sticky and slightly plastic in surface horizons to hard, firm, sticky and plastic in sub-surface horizons. 
The soils were slightly plastic to plastic representing a good clay content. A specific  objective of soil depth and 
its boundaries can lead to a classical  understanding of soil processes and  soil horizon variation. 
Table 2  Description of the various profiles  
Profile (Land-
uses) 

Horizo
n 

Depth 
(cm) 

Bounda
ry 

Structur
e 

Consiste
ncy Plasticity 

P1   (Agriculture) 

Ap 0-21 dw m2cr sh fr ss Sp 
AB 21-44 cs m2 sbk sh fr s mp 
Bt1 44-87 cs m2 sbk h vfi s P 
Bt2 87-134 dw m2 abk vh fi s P 
Bt3 134-179  m2abk h fi ms Mp 

P2  (Horticulture) 
Ap 0-18 dw m2gr sh fr ss Sp 
AC 18-56 gw m2abk h fi ms P 
C 56-83  c1gr h fr ss Sp 

P3  (Forest) 

Ap 0-17 cs c1cr sh fr ss Sp 
AB 17-51 cs c2gr sh fi s Mp 
Bt1 51-98 ds m2sbk vh fi ms P 
Bt2 98-152 dw f3abk eh fi ms P 
BC 152-188  m2sbk h vfi s P 

P4  (Fallow) 

A 0-30 cs c2gr s hl ss Mp 
Bt1 30-52 ds m2gr sh fr ms Sp 
Bt2 52-88 gs m2sbk h fr ms Mp 
Bt3 88-102 dw f3abk eh fi s P 
C 102-114  f2abk sh fr ss P 

P5 (Agriculture) 

Ap 0-24 dw m2sbk h fi ss Sp 
AB 24-71 cs m2sbk sh fr ss Mp 
Bt1 71-118 cs f3sbk eh vfi s P 
Bt2 118-151 ds f2abk vh vfi vs P 
Bt3 151-191  m3sbk eh vfi s P 

P6   (Horticulture) 

Ap 0-19 cs c2gr sh fi ss Sp 
Bt1 19-56 cs m2sbk h fr s Mp 
Bt2 56-103 ds m3abk h fi ms P 
Bt3 103-145 dw f2abk eh vfi s P 
BC 145-162  f3sbk eh vfi s P 

P7  (Forest) 

A1 0-27 dw c1sbk sh l ss Sp 
A2 27-41 ds f2sbk h fi ss Sp 
B 41-89 dw f3abk h fi s P 
C 89-152  m1gr h fi s P 

P8  (Fallow) 

A 0-25 cs c2gr sh l ss So 
Bt1 25- 67 cs m2gr h l ss Sp 
Bt2 67-83 gs f3sbk h fi ms Mp 
BC 83-149  m2sbk sh l ms Sp 

P9  (Agriculture) 

Ap 0-13 dw m2sbk h fi ss Sp 
AB 13-31 cs m3sbk sh fi ss Mp 
Bt1 31-75 cs f3abk h fi s Mp 
Bt2 75-117 cs m2abk vh vfr s P 



 

 

BC1 117-126 gw c1gr l fr ss So 
BC2 126-188  f2sbk h vfi s P 

 
 
 

P10  (Horticulture) 

Ap 0-19 cs c2cr sh l ss So 
Bw1 19- 54 dw c2sbk sh fi ss Sp 

Bw2 54-96 gw m2abk h fr ss Mp 
Bw3 96-134 ds m2abk h fi ss P 

BC 134-173  m2gr sh fi ms Sp 

P11  (Forest) 

A 0-28 cs m2sbk sh fr ss Mp 
Bt1 28-59 cs f2sbk sh fi s P 
Bt2 59-87 cs f3sbk h fi vs P 

Bt3 87-132 gs f3sbk h fi vs P 
Bg 132-181 gs m2abk sh vfi s P 

BCg 181-207  m2sbk sh vfi s P 

P12   (Fallow) 
A 0-28 Cs m2gr sh l ss So 
AC 28-56 Gw c2gr h fi ss Mp 
C 56-88  c1gr sh fr ss Sp 

 

Symbols used in Table-2 

Boundary Structure Consistency 

b  :  broke
n  

1  :  Weak  h  :  hard  

c  :  Clear  2  :  moderate  sh  :  slightly hard  

d  :  diffuse
d  

3  :  Strong  vh  :  very hard  

g  :  gradu
al  

f  :  Fine  l  :  loose  

s  :  smoot
h  

m  :  Medium  vfr  :  very friable  

w  :  wavy  c  :  Coarse  fr  :  friable  

   cr  :  Crumb  fi  :  firm  

   gr  :  Granular  vfi  :  very firm  

   sbk  :  sub-
angular 
blocky  

ss  :  slightly sticky  

   abk  :  angular 
blocky  

s  :  sticky  

      ms  :  moderately 
sticky  



 

 

      vs  :  very sticky  

      so  :  non-plastic  

      sp  :  slightly 
plastic  

      mp  :  moderately 
plastic  

      p  :  plastic  
 
References  
 
Angelini, M. E., Heuvelink, G. B. M. & Kempen, B. 2017. Multivariate mapping of soil with structural equation 
modelling. European Journal of Soil Science, 68, 575–591. 
Bangroo, S. A., Sofi, J. A., Bhat, M. I., Mir, S. A., Mubarak, T., & Bashir, O. (2021). Quantifying spatial 
variability of soil properties in apple orchards of Kashmir, India, using geospatial techniques. Arabian Journal of 
Geosciences, 14(19), 1-10. 
Bashir, O., Ali, T., Baba, Z. A., Rather, G. H., Bangroo, S. A., Mukhtar, S. D., ... & Bhat, R. A. (2021). Soil 
Organic Matter and Its Impact on Soil Properties and Nutrient Status. In Microbiota and Biofertilizers, Vol 2 (pp. 
129-159). Springer, Cham. 
Bashir, O., Ali, T., Ram, D., Rather, G. H., Nazir, N., Dar, Q. A. H., & Singh, P. (2019). Application of GIS in 
determination and mapping of topographic characteristics of temperate Himalaya. International Journal of 
Chemical Studies, 7(2), 1092-1097. 
Bashir, O., Khan, K., Hakeem, K. R., Mir, N. A., Rather, G. H., & Mohiuddin, R. (2016). Soil microbe diversity 
and root exudates as important aspects of rhizosphere ecosystem. In Plant, soil and microbes (pp. 337-357). 
Springer, Cham. 
Bipin B Mishra, Richa Roy (2019). Photopedogenesis: A Fundamental Soil Forming Process in Rock 
Weathering and Rhizospheric Stability on Earth and Lunar Surface. Agri Res& Tech: Open Access J. 23(3) 
Bockheim, J.G., 2018. Diversity of diagnostic horizons in soils of the contiguous USA: a case study. Catena 
168, 5–13. 
Bonfatti, B. R., Hartemink, A. E., Vanwalleghem, T., Minasny, B. & Giasson, E. 2018. A mechanistic model to 
predict soil thickness in a valley area of Rio Grande do Sul, Brazil. Geoderma, 309, 17–31.  
Brevik, E.C., 2009. The teaching of soil science in geology, geography, environmental science, and agricultural 
programs. Soil Survey Horizons 50, 120–123.  
Chen, Y., Zhang, M., Fan, D., Fan, K. and Wang, X. 2018. Linear Regression between CIE-Lab Color 
Parameters and Organic Matter in Soils of Tea Plantations. Eurasian Soil Science 51(2): 199-203.  

Choudhury, B. U., Mohapatra, K. P., Das, A., Das, P. T., Nongkhlaw, L., Fiyaz, R. A. and Munda, G. C. 2013. 
Spatial variability in distribution of organic carbon stocks in the soils of North East India. Current Science pp. 
604-614.  

Debele, M., Bedadi, B., Beyene, S. and Mohammed, M. 2018. Characterization and Classification of Soils of 

Muger Sub-Watershed, Northern Oromia, Ethiopia. East African Journal of Sciences 12(1): 11-28.  

Dengiz, O., Zaglam, M. and Sarioglu, F. E. 2012. Morphological and physiochemical characteristics and 
classification of verti soils developed on deltaic plain. Open Journal of Soil Science 2: 20-27.  

Dora Neina 2019 .  The Role of Soil pH in Plant Nutrition and Soil Remediation. Hindawi Applied and 
Environmental Soil Science Vol 1  1-9 pages 
E. Dominati, M. Patterson, and A. Mackay. (2010). “A framework for classifying and quantifying the natural 
capital and ecosystem services of soils,” Ecol. Econ. 69, 1858–1868  



 

 

Fekadu, E., Kibret, K., Bedadi, B. and Melese, A. 2018. Characterization and classification of soils of Yikalo 
Subwatershed in Lay Gayint District, Northwestern Highlands of Ethiopia. Eurasian Journal of Soil Science 7(2) 
151-166. 

Feller, C., Blanchart, E., Herbillon, A., 2008. The importance of French tropical research in the development of 
pedology. Soil Science Society of America Journal 72, 1375–1381. 
Goebes, P., Schmidt, K., Seitz, S., Both, S., Bruelheide, H., Erfmeier, A., Scholten, T., & Kühn, P. (2019). The 
strength of soil-plant interactions under forest is related to a Critical Soil Depth. Scientific reports, 9(1), 8635.  
H. Abbaslou, A. Abtahi, F. J. Martin Peinado, H. Owliaie, and F. Khormali, (2013) “Mineralogy and 
characteristics of soils developed on Persian Gulf and Oman sea basin, southern Iran,” Soil Sci. 178 (10), 568–
584  
Hartemink, A.E., 2009. The depiction of soil profiles since the late 1700s. Catena 79, 113–127. 
Hartemink, A.E., McBratney, A., Minasny, B., 2008. Trends in soil science education: looking beyond the 
number of students. Journal of Soil and Water Conservation 63, 76a–83a. 
Hartemink, A.E., McBratney, A.B., Cattle, J.A., 2001. Developments and trends in soil science: 100 volumes of 
Geoderma (1967–2001). Geoderma 100, 217–268 
Hartemink, Alfred & Zhang, Yakun & Bockheim, James & Curi, Nilton & Silva, Sérgio & Grauer-Gray, Jenna & 
Lowe, David & Krasilnikov, Pavel. (2020). Soil horizon variation: A review. Advances in Agronomy. 160. 125-
185. 
Husien H, Mohamed A, Melanie D (2015) Impacts of land use and land cover changes and topographic 
aspects on soil quality in the Kasso catchment, Bale Mountains of the south eastern Ethiopia. Singap J Trop 
Geogr 36:357–375 

Karuma, A. N., Gachene, C. K., Msanya, B. M., Mtakwa, P. W., Amuri, N., & Gicheru, P. T. Soil Morphology, 
Physico-Chemical Properties and Classification of Typical Soils of Mwala District, Kenya. International Journal 
of Plant & Soil Science, 4(2), pp. 157-170 
Khitrov, N.B., 2016. Vertisols with Gilgai microtopography: classification and parameters of microtopography 
and morphological types of soils (a review). Eurasian Soil Sci. 49, 125–144. 
Lowe, D.J., 2019. Using soil stratigraphy and tephrochronology to understand the origin, age, and classification 
of a unique Late Quaternary tephra-derived Ultisol in Aotearoa New Zealand. Quaternary 2, 1–34. 
M. Moazallahi, and M. H. Farpoor (2009). “Soil micromorphology and genesis along a lithotoposequence in 
Kerman Province, central Iran,” Aust. J. Basic Appl. Sci. 3, 4084–4087  
M. Moazallahi, and M. H. Farpoor. (2011). “Soil genesis and clay mineralogy along the xeric–aridic 
climatoposequence, south central Iran,” J. Agric. Sci. Technol. 14, 683–696.  
Ma, Y. X., Minasny, B., Welivitiya, W. D. D. P., Malone, B. P., Willgoose, G. R. & McBratney, A. B. 2019. The 
feasibility of predicting the spatial pattern of soil particle-size distribution using a pedogenesis model. 
Geoderma, 341, 195–205 
Macedo, R.S., Teixeira, W.G., Corr^ea, M.M., Martins, G.C., Vidal-Torrado, P., 2017. Pedogenetic processes 
in anthrosols with pretic horizon (Amazonian Dark Earth) in Central Amazon, Brazil. PLoS One 12, e0178038. 
Mahala, A. (2018).  Soil erosion estimation using RUSLE and GIS techniques—a study of a plateau fringe 
region of tropical environment. Arab J Geosci 11, 335 
Minasny, B., Stockmann, U., Hartemink, A.E., McBratney, A.B., 2016. Measuring and modelling soil depth 
functions. In: Hartemink, A.E., Minasny, B. (Eds.), Digital Soil Morphometrics. Springer International 
Publishing, Dordrecht, pp. 225–240.  
Mohammed, A.K., Hirmas, D.R., Gimenez, D., Mandel, R.D., Miller, J.R., 2016. A digital morphometric 
approach for quantifying ped shape. Soil Sci. Soc. Am. J. 80, 1604–1618. 
Moritsuka, N., Matsuoka, K., Katsura, K., Sano, S. and Yanai, J. 2014. Soil color analysis for statistically 
estimating total carbon, total nitrogen and active iron contents in Japanese agricultural soils. Soil Science and 
Plant Nutrition 60(4): 475-485.  

Naidu, M. V. S. and Sireesha P. V. G. 2013. Studies on Genesis, Characterization and Classification of soils in 
semi-arid Agri-ecological Region: A case study in Banaganapalle Mandal of Kurnool district in Andhra Pradesh. 
Journal of the Indian Society of Soil Science 61(3): 167-178.  



 

 

Owliaie, H.R., Adhami, E., Ghiri, M.N. et al. (2018)Pedological Investigation of a Litho-Toposequence in a 
Semi-Arid Region of Southwestern Iran. Eurasian Soil Sc. 51, 1447–1461. 
Padarian, J., Minasny, B. & McBratney, A. B. 2018. Using deep learning for Digital Soil Mapping. SOIL 
Discuss, 5, 79–89 
Panagos, P., Standardi, G., Borrelli, P., Lugato, E., Montanarella, L. and Bosello, F. 2018. Cost of agricultural 
productivity loss due to soil erosion in the European Union: From direct cost evaluation approaches to the use 
of macroeconomic models. Land Degradation and Development 29(3): 471-484.  

Papiernik, S.K.; Lindstrom, M.; Schumacher, T.; Schumacher, J.; Malo, D.; Lobb, D. Characterization of soil 
profiles in a landscape affected by long-term tillage. Soil Tillage Res. 2007, 93, 335–345. 
Pei, X.; Sudduth, K.A.; Veum, K.S.; Li, M. (2019) Improving In-Situ Estimation of Soil Profile Properties Using a 
Multi-Sensor Probe. Sensors , 19, 1011. 
Prathibha, K. S., Hebbara, M., Patil, P. L. and Anjali, M. C. 2018. Soil morphological properties and 
classification of kavalur-1 micro-watershed of Koppal district, Karnataka. Journal of Pharmacognosy and 
Phytochemistry 7(4): 167-173. 
Pulakeshi, H. B. P., Patil, P. L. and Dasog, G. S. 2014. Characterization and classification of soil resources 
derived from chlorite schist in northern transition zone of Karnataka. Karnataka Journal of Agricultural Sciences 
27: 1. 

Purswani, E. 2018. Assessment of soil characteristics in different land-use systems in Gandhinagar, Gujarat. 
Proceedings of the International Academy of Ecology and Environmental Sciences 8(3): 162.  

Radu Gabriel Pîrnău, Cristian Valeriu Patriche, Bogdan Roşca, Ionuţ Vasiliniuc, Nicoleta Vornicu, Simina 
Stanc, Soil spatial patterns analysis at the ancient city of Ibida (Dobrogea, SE Romania), via portable X-ray 
fluorescence spectrometry and multivariate statistical methods, CATENA, 10.1016 
Rahmati, O., Tahmasebipour, N., Haghizadeh, A., Pourghasemi, H. R. & Feizizadeh, B. 2017. Evaluation of 
different machine learning models for predicting and mapping the susceptibility of gully erosion. Geoderma, 
298, 118–137 
Ribeiro, B.T., Silva, S.H.G., Silva, E.A., Guilherme, L.R.G., 2017. Portable X-ray fluorescence (pXRF) 
applications in tropical soil science. Cienc. Agrotecnol. 41, 245–254. 
Roudier, P., Manderson, A., Hedley, C., 2016. Advances towards quantitative assessments of soil profile 
properties. In: Hartemink, A.E., Minasny, B. (Eds.), Digital Soil Morphometrics. Springer International 
Publishing, Dordrecht, pp. 113–132. 
S. A. Khresat, and E. A. Qudah, (2006).  “Formation and properties of aridic soils of Azraq Basin in 
northeastern Jordan,” J. Arid Environ. 64, 116–136  
Sidorova, V.A., 2016. Dynamics of the spatial variability of soil properties of grassland agrocoenosis of Karelia 
during post-anthropogenic development. Russ. J. Appl. Ecol. 3, 23–27 
Silva, S.H.G., Silva, E.A., Poggere, G.C., Guilherme, L.R.G., Curi, N., 2018. Tropical soils characterization at 
low cost and time using portable X-ray fluorescence spectrometer (pXRF): effects of different sample 
preparation methods. Cienc. Agrotecnol. 42, 80–92. 
Sitangang, M., Rao, Y. S., Ahmed, N. and Mahapatra, S. K. 2006. Characterization and classification of soil of 
water shed area of Shikahpur, Gurgaon district, Haryana. Journal of the Indian Society of Soil Science 54(1): 
106-110. 

Stockmann, U., Cattle, S.R., Minasny, B., McBratney, A.B., 2016. Utilizing portable X-ray fluorescence 
spectrometry for in-field investigation of pedogenesis. Catena 139, 220–231. 
Tellen, A. V. and Yerima, B. 2018. Effects of land use change on soil physicochemical properties in selected 
areas in the North West region of Cameroon. Environmental Systems Research 7(3): 1-29.  

Ukut, A. N., Akpan, U. S. and Udoh, B. T. 2014. Characterization and classification of soils in steep sided hills 
and sharp-crested ridges of Akwa Ibom State, Nigeria. Net Journal of Agricultural Science 2(2): 50-57.  



 

 

Waruru, B.K., Shepherd, K.D., Ndegwa, G.M., Sila, A., Kamoni, P.T.. 2015. Application of mid‐infrared 
spectroscopy for rapid characterization of key soil properties for engineering landuse. Soils 
Found. 55(5): 1181– 1195 
Wu, S., Wang, C., Liu, Y., Li, Y., Liu, J., Xu, A., Pan, K., Li, Y., Pan, X., 2018. Mapping the salt content in soil 
profiles using Vis-NIR hyperspectral imaging. Soil Sci. Soc. Am. J. 82, 1259–1269. 
Wubie, M.A., Assen, M. (2020) Effects of land cover changes and slope gradient on soil quality in the Gumara 
watershed, Lake Tana basin of North–West Ethiopia. Model. Earth Syst. Environ. 6, 85–97 
Yitbarek, T., Beyene, S. and Kibret, K. 2016. Characterization and classification of soils of Abobo Area, 
Western Ethiopia. Applied and Environmental Soil Science. Eurasian Journal of Soil Science 7(4): 292-299. 
Zeraatpisheh, M., Ayoubi, S., Jafari, A. & Finke, P. 2017. Comparing the efficiency of digital and conventional 
soil mapping to predict soil types in a semi-arid region in Iran. Geomorphology, 285, 186–204 
Zhang L, Bai KZ, Wang MJ, Karthikeyan R (2016) Basin-scale spatial soil erosion variability: Pingshuo 
opencast mine site in Shanxi Province. Loess Plateau of China Nat Hazards 80(2):1213–1230. 
Zhang, G.-L., Liu, F. & Song, X.-D. 2017. Recent progress and future prospect of digital soil mapping: A 
review. Journal of Integrative Agriculture, 16, 2871–2885. 
Zhang, Y., Hartemink, A.E., 2019b. A method for automated soil horizon delineation using digital images. 
Geoderma 343, 97–115.  
Zhang, Y., Hartemink, A.E., Huang, J., 2019a. Quantifying coarse fragments in soil samples using a digital 
camera. Eurasian Soil Sci. 52, 954–962. 
Zhuo-Dong Jiang, Qiu-Bing Wang, Kabindra Adhikari, Kristofor R. Brye, Zhong-Xiu Sun, Fu-Jun Sun, Phillip R. 
Owens, A vertical profile imaging method for quantifying rock fragments in gravelly soil, CATENA.  
 
 
 
 
 
 
 


