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Several authors have tried to classify soils at block/
district level for providing suitable land use options
which include various land use/land cover classes
(Jena et al. 2016). But information on arable soils,
particularly under different cropping systems is
meagre for Chhattisgarh state. Although soils under
different cropping systems (rice—lathyrus, rice—
chickpea, rice—wheat and rice—fallow, efc.) of
Chhattisgarh have been reported as Typic Haplusterts,
Chromic Haplusterts, Vertic Haplustepts and Typic
Haplustepts at subgroup level (Tamgadge et al. 2002),
detailed information is still lacking to identify their
suitability, and at the same time limitations to increase
the productivity of these rice-based cropping systems.
Keeping this in view, an attempt was made to
characterize and classify the soils under rice-based
cropping systems in Balod district, Chhattisgarh.
Balod district lies in between 20°24” to 21°03’
N latitudes and 80°47” to 81°31” E longitudes at an
elevation of 324 m above the mean sea level, and
occupies an area of 3527 sq. km. The study area falls
under Chhattisgarh Plain agro-climatic zone where
50% of the total geographical area is under
cultivation. Predominately rice-based cropping
systems such as rice—lathyrus, rice—chickpea, rice—
wheat and rice—fallow are practiced under rainfed
ecosystem. The study region is characterized by the
hot-humid tropical climate, with an average annual
rainfall of 1028 mm. Maximum rainfall is received
between June and October. The maximum temperature
in summer may exceed up to 42 °C and varies between
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30 to 42 °C, whereas the minimum temperature often
falls below 10 °C during the winter season and varies
between 0 to 25 °C. The hottest and coolest months
are May and December, respectively. The soil
moisture regime of the district is characterized as
ustic, whereas the soil temperature regime is
isohyperthermic (Soil Survey Staff 2014). Soil
observations were made in different rice-based
cropping systems i.e., rice—lathyrus, rice—chickpea and
rice—fallow across the district covering an area of
1768 sq. km. From each cropping system, five pedons
were studied and after soil correlation three master
pedons were identified (Fig. 1). Horizon-wise
morphological properties including depth, colour,
structure, texture, graveliness, consistency, occurrence

CHHA LTISGARH

A

Madhya Pradesh

BUSOUE  BI'QUE  BIO0E  B1200°E  B1°300E
1 1 1 )

21°1007

BALOD r~
N /

A {
~—N —

21°00'N-Rajnandgaon [21°00N

®

20°500°N [-20"500°N

.
(g L/” S
°
°
°

20°40'0°N-] [F20°400°N

;\
3
H

Y
[ SN

)
/ —

et
Ve

20°300°N- \ ) 7 J20°300°N

Legend
oJ Kanker °

200200N ) 0 125 25 [20°200°N
i — kM

Inceptisol

®  Vertisol

T T T T T
80°S00°E  B1°00°E  B1°100°E  81°200°E  81°300°E
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of nodules efc. were described following USDA soil
survey manual (Soil Survey Division Staff 2005). The
soils were classified as per Soil taxonomy (Soil
Survey Staff 2014). Horizon-wise soil samples were
collected, air-dried and sieved under shade. The fine
earth (<2 mm) was analyzed following standard
procedures. Physicochemical properties soils were
analyzed following Jackson (1973).

Morphological characteristics of the soils are
presented in table 1. The soils were very deep (> 150
cm) and well-drained. The colour varied from very
dark greyish brown (10 YR 3/2) to dark yellowish
brown (10 YR 4/6), with the dominant hue of 10 YR
with value ranging from 3 to 4 and chroma varying
between 2 and 6. There was not much variation in
soil colour with depth. The dark colour in these soils
may partly be due to the high content of dark-coloured
ferromagnesian minerals. Moreover, the dark matrix
colour was due to the presence of high organic carbon
(OC) content in the surface horizons. The surface
structure of these rice growing soils was massive and
structureless due to different agricultural operations
such as ploughing and puddling. The sub-surface soil
structure varied from medium, moderate and sub-
angular blocky (2 m sbk) to medium, moderate and
angular blocky (2 m abk) with dominance of medium
moderate sub-angular blocky (2 m sbk) in pedon 3,
whereas pedons 1 and 2 were predominantly medium,
moderate and angular blocky (2 m abk). This type of
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soil structure may be attributed to higher clay content
and low organic carbon content (Priya et al. 2017).
Slickensides, wedge-shaped aggregates with cracks
were observed in pedons 1 and 2. Consistency of the
soils was hard (dry), firm (moist), very sticky and
very plastic (wet). Increase in stickiness and plasticity
may be due to high clay content down the profile,
which was observed in case of pedons 1 and 2. In
pedon 3, the consistency was soft, friable, slightly
sticky and slightly plastic due to relatively lower clay
content than pedons 1 and 2.

Physical characteristics of the soils are presented
in table 2. The sand content in soils varied from 12.2
to 61.5% that decreased with depth, whereas it was
irregular with depth in pedon 3 with higher sand
content throughout the profile. The silt content varied
from 10.4 to 25.3%. The depth distribution of silt
content followed similar trends as in case of sand
with reverse in distribution. The clay content ranged
from 25.1 to 69.5% that increased with depth in
pedons 1 and 2, whereas its distribution did not follow
any specific trend in pedon 3. The studied soils
showed wide textural variation from sandy clay loam
to clay (Fig. 2). The enrichment of clay content in the
lower horizon might be due to illuviation or vertical
migration of clay. There was no textural class
variation in pedon 3.

Bulk density (BD) of soils varied from 1.27
tol.62 Mg m and showed an increase with depth.

Table 2. Soil physical characteristics of representative pedons of Balod district, Chhattisgarh

Horizon Depth Particle size BD PD Porosity
(cm) Sand Silt Clay Class (Mg m™) (Mg m™) (%)
(%) (%) (%)
Pedon 1 (Rice-lathyrus): Very fine, smectitic, isohyperthermic, Typic Haplustert
Ap 0-12 15.2 253 59.5 c 1.31 2.55 48.6
Bw 12-31 14.8 24.8 60.3 c 1.35 2.58 47.7
Bss, 31-57 13.1 24.2 62.7 c 1.39 2.61 46.7
Bss, 57-90 13.5 23.6 62.9 c 1.44 2.63 453
Bss; 90-158 13.7 22.5 63.8 c 1.49 2.67 442
Pedon 2 (Rice—chickpea): Very fine, smectitic, isohyperthermic, Typic Haplustert
Ap 0-18 14.6 24.8 60.5 c 1.27 2.52 49.6
Bw 18-40 14.6 24.1 61.3 c 1.30 2.54 48.8
Bss, 40-80 13.0 23.4 63.5 c 1.35 2.59 47.9
Bss, 80-122 12.1 21.1 66.7 c 1.37 2.64 48.1
Bss; 122-154 12.2 18.3 69.5 c 1.42 2.68 47.0
Pedon 3 (Rice—fallow): Fine loamy, smectitic, isohyperthermic, Vertic Haplustept
Ap 0-10 56.2 12.2 31.6 scl 1.36 2.61 47.9
Bw, 10-30 61.5 13.4 25.1 scl 1.45 2.63 44.9
Bw, 30-50 57.3 10.4 32.3 scl 1.49 2.66 44.0
Bw, 50-88 60.5 11.1 28.4 scl 1.56 2.69 42.0
Bw, 88-150 53.4 16.9 29.7 scl 1.62 2.72 40.4

Note: Texture: ¢ —clay, scl — sandy clay loam.
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Fig. 2. Textural triangle of pedons

This could be attributed to clogging of pores by
dispersed clay in sub-soil layers and reduction of OC
resulting in greater compaction and less aggregation
(Khan and Kamalakar 2012). The BD showed highly
significant and negative correlation with OC
(r = -0.862**) and porosity (r = -0.988**) (Table 5).
The particle density (PD) of soils ranged from 2.52 to
2.72 Mg m* and increased with depth. Lower PD of
surface soils could be attributed to higher OC content,
as evident from significantly negative correlation
between PD and OC (r = -0.978**). However, higher
particle density in sub-surface horizons might be due
to greater soil compaction (Pulakeshi et al. 2014).
This is supported by a significant positive correlation
between PD and BD (r = 0.924**) (Table 5). The
porosity of soils varied from 40.4 to 49.6%. The
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porosity of surface soil was higher than sub-soil,
which might be attributed to higher OC content in
surface soils as indicated by a highly significant
positive correlation between these parameters
(r=0.776**). A decrease in OC with depth increased
BD and soil compaction in deeper horizons
(Leelavathi et al. 2009). This observation was
supported by a significant negative correlation
between porosity and BD (r = -0.988%*) (Table 5).
Soil moisture content (SMC) ranged from 10.5 to
23.5%, and decreased progressively with depth (Fig.
3). The difference in SMC might be due to variation
in clay and OC content and heterogeneity of parent
material. Progressive decrease in SMC with depth
could be ascribed to increase in BD, decrease in total
pore space and reduction of macropores with depth.
This was supported by a significant and positive
correlation of SMC with OC (r = 0.823**) and
porosity (r = 0.834**) and significant and negative
correlation with BD (r = -0.877**) (Table 5). The
water holding capacity (WHC) of soils ranged from
21.8 to 44.3%, which decreased gradually with depth
(Fig. 4). This could be attributed to the increased BD
and decreased OC in the sub-surface horizons (Khan
and Kamalakar 2012). This is supported by a
significant negative correlation between WHC and BD
(r = -0.905*%*), and significant positive correlation
with OC content (r = 0.724**) (Table 5).

Chemical characteristics of the soils are
presented in table 3. Soil pH varied from slightly
acidic to slightly alkaline, and ranged from 6.2 to 7.8.
Soil reaction in pedons 1 and 2 was neutral to slightly
alkaline, whereas it was slightly acidic to neutral in
pedon 3. Lower pH value in surface horizons is mainly
attributed to leaching of bases. The pH of all pedons
increased with depth, which could be attributed to an
increase in bases with depth and their incomplete
downward leaching. This is supported by a significant
positive correlation of pH with base saturation
(r = 0.897**) (Table 5). The EC of soils varied from
0.08 to 0.19 dS m™ indicating that the soils are non-
saline. The depth-wise distribution of EC did not
follow any particular pattern in either pedons.
Nonetheless, the upper horizon was relatively low in
salts than the lower horizons, obviously due to
leaching of salts from the surface and their
accumulation in the lower depths (Pulakeshi et al.
2014). The OC content varied from 2.1 to 6.3 g kg,
as the soils were under low to the medium category
of OC. The surface horizons were higher in OC than
sub-surface horizons, which might be attributed to
addition of greater biomass and vice versa.
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calcification and inheritance from parent material with basic cations (Pulakeshi et al. 2014). The base
(Khan and Kamalakar 2012). Base saturation of soils saturation was positively correlated with pH
varied from 59 to 94% in different pedons, which (r = 0.897**), EC (r = 0.773**) and CEC
revealed greater saturation of exchange complexes (r= 0.932%%*) (Table 5).
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Pedons Classification Soil orders

Pedon 1 (Rice — lathyrus) Very fine, smectitic, isohyperthermic, Typic Haplustert Vertisol

Pedon 2 (Rice — chickpea) Very fine, smectitic, isohyperthermic, Typic Haplustert Vertisol

Pedon 3 (Rice — fallow) Fine loamy, smectitic, isohyperthermic, Vertic Haplustept Inceptisol

Table 5. Pearson’s correlation coefficients among soil properties

Parameters ~ Silt Clay BD PD Porosity  SMC WHC pH EC ocC CEC Base
Satur-

ation

Silt 1

Clay 0.854%* 1

BD -0.605*  -0.582%* ]

PD -0.608*  -0.413 0.924%* 1

Porosity ~ 0.580* 0.627*  -0.988%* -0.854** |

SMC 0.791%*%  0.660%* -0.877** -0.886** 0.834** 1|

WHC 0.837** 0.818** -0.905** -0.830** 0.895**  0.930** 1

pH 0.805%*  0.954** -0.370 -0.208 0.422 0.502 0.661%* 1

EC 0.673** 0.857** -0.314 -0.192 0.354 0.443 0.569* 0.873**% 1

oC 0.507 0.260 -0.862%* -0.978** 0.776**  0.823** 0.724**  0.044 0.021 1

CEC 0.908**  0.966** -0.506 -0.391 0.531%%  0.666** 0.798**  0.930** 0.828** (.249 1

Base 0.929%* 0.910%¥* -0.531* -0.479 0.530% 0.717%*% 0.784**  0.897** 0.773** 0.361 0.932%*% 1

saturation

** Correlation is significant at the 0.01 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed)

Based on morphological and physicochemical
characteristics, the soils were classified into Vertisol
and Inceptisol (Table 4). The presence of more than
25 cm thick layer associated with slickensides close
enough to intersect in sub-horizons (Bss diagnostic
horizons), more than 30% clay in the fine earth
fraction and 1-3 cm wide cracks up to 1 m qualified
pedons 1 (rice—lathyrus) and 2 (rice—chickpea) for
Vertisol (Table 4). At the same time, pedon 3 (rice—
fallow) showed no argillic or kandic horizons whereas
changes in soil colour, structure and irregular
distribution of soil particle size were observed,
exhibiting cambic sub-surface diagnostic horizons,
thus classified as Inceptisols (Table 4). The soils had
ustic soil moisture regime as these were wet for more
than 180 consecutive days in a year. So pedons 1, 2
and 3 were classified as Ustert and Ustept at sub-
order level. Due to absence of salic or gypsic or calcic
epipedon or duripan in all pedons, soils were
classified as Haplustert (P1 and P2) and Haplustept
(P3) at great group level. Further, pedons were
classified as Typic at sub-group level since these
represented the central concept of great group. Hence,
at sub-group level, pedons 1 and 2 were classified as
Typic Haplustert and pedon 3 as Typic Haplustept.
Similar kinds of soils in Chhattisgarh were also

reported by Tamgadge et al. (2002). The soils of study
area were placed under isohyperthermic temperature
regime because the mean annual temperature is more
than 22 °C and the difference between mean summer
and winter temperature is less than 6 °C (Tamgadge
et al. 2002). Pedon 1 with CEC: clay ratio more than
0.7 (0.75) was classified as smectitic mineralogy. The
CEC: clay ratio for pedons 2 and 3 was 0.65 and
0.69, respectively. Hence, the mineralogy class for
pedons 2 and 3 was also smectitic as the ratio came in
the range of 0.5-0.7. Pedons 1 and 2 containing more
than 60% clay (weighted average) were classified as
very fine particle size class, whereas pedon 3 was
classified as fine loamy. At family level, pedon 1 and
2 were classified as very fine, smectitic,
isohyperthermic, Typic Haplustert, and pedon 3 as
fine loamy, smectitic, isohyperthermic, Vertic
Haplustept.

The soils developed on uniform parent material
and under same overhead climatic conditions showed
considerable variation in morphological and
physicochemical properties due to variation in land
use, particularly cropping systems and management
practices. Remarkable changes in soil properties, both
in terms of morphological and physicochemical
parameters, were observed in intensively-cultivated
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soils under rice-based cropping systems. Available N,
P and S were higher in rice—legume systems compared
with rice-fallow. However, as per nutrient index, the
status of available N was low whereas that of available
P and S was medium. Presence of clay-skins,
reduction in sand content with a corresponding
increase in clay, WHC and CEC were observed in
rice—legume systems. The study showed that the soils
under rice—legume systems were qualified for Typic
Haplustert and those under rice—fallow system
qualified for Vertic Haplustept.
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