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Soil Fertility Capability Classification in a Semi-arid Region in Haryana
with Special Reference to Soil Biological Condition Modifier
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The soil fertility capability classification system is an approach to bridge the gap between soil taxonomy and
soil fertility. Accordingly, an attempt has been made to classify soils of different physiographic units in
southern part of Haryana, a semi-arid tropical region in India, on the basis of soil fertility capability
classification and to map by using remote sensing and geographic information system. Eight physiographic
units, namely point bars, levee complexes, recent flood plains, basins with relict channels, slightly undulating
sandy plains with few hummocks, plains with aeolian activity, old level plains and low lands were identified
and delineated. For soil fertility capability classification, along with the established condition modifiers such
as gleying condition ‘g’, dry condition ‘d’, low cation exchange capacity ‘€', basic reaction ‘b’, saline
condition ‘s’ and natric condition ‘n’, a new local biological soil condition modifier ‘m’ was introduced
keeping in view the soil organic carbon deficiency in the study area to represent the real picture of soil
fertility and its relation with soil taxonomy. The soil fertility capability classification units identified were:
‘SSebm’ (point bars), ‘ SSdebm’ (levee complexes, undulating sandy plains with few hummocks and plains
with aeolian activity), ‘SLdeb’ (Yamunaplains), ‘LLgb’ (basins with relict channels), ‘SLdebm’ (old level
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plains) and ‘LLbsnm’ (low lands).
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The variability in soil influences the use of different
soils for different purposes and application of suit-
able management practices for maximizing the agri-
cultural production. Site-specific knowledge of these
resources is necessary for sustainable developmental
activities. As the sub-surface soil characteristics can-
not be manipulated within the limited management
practices, any management activity is confined only
to the surface layer. Soil fertility management at opti-
mum level is the most important single factor for
sustainable and time-demanding management practice.
The soil classification system like soil taxonomy gives
relatively more emphasis on sub-soil rather than on
top soil properties, and the soil fertility is character-
ized from top soil properties. The concept of Soil
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Fertility Capability Classification (SFCC) system was
developed as an attempt to bridge the gap between
sub-disciplines of soil classification and soil fertility,
especialy to interpret soil taxonomy and additional
soil attributes in a way that is directly relevant to the
plant growth (Buol et al. 1975; Buol and Couto 1981,
Sanchez et al. 1982; Denton et al. 1987; Zehetner
and Miller 2006; Geissen et al. 2009).

The SFCC is a classification of soils on the
basis of fertility constraints, quantified from condi-
tion modifiers (Rao and Jose 2003). The original ver-
sion of SFCC (Buol et al. 1975; Buol and Couto
1981; Sanchez et al. 1982) was modified to include
specific interpretations for wetland rice soils (Buol
1986; Sanchez 1997) and was further modified by
Smith et al. (1990) to include condition modifier for
permafrost and for subdivision of some existing ones.
Smith (1989) also developed a thorough rationale for
each SFCC class and provided detailed interpretations
for tropical food crops, pastures and tree crops. An
algorithm of this third version was later developed by
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Yost et al. (1997) with software that converts soil
profile data into SFCC units plus a series of auto-
matic interpretations and recommendations.

In the original version of SFCC there was no
indication of soil organic matter (SOM) content (ex-
cept for O soils). This may be due to no clear evi-
dence of threshold levels of SOM that define the
point at which processes become dysfunctional in a
soil and affect plant growth (Sanchez and Miller
1986; Sanchez et al. 1989). But the economic condi-
tions of the farmers in the tropics force them to rely
largely on organic inputs for managing soil fertility,
with mineral fertilizer inputs playing a secondary role
or no role at all (Palm et al. 2001).

Soil organic carbon saturation deficit is the ratio
of present topsoil total SOC level to the SOC level in
the soil in its undisturbed state (Hassink 1997; van
Noordwijk et al. 1997). The threshold value is the
per cent carbon (%C) saturation at which the soil is
reaching limits in terms of its capacity to maintain
many of its productive functions and can be used as
a biological condition modifier in SFCC. A relative
threshold value (%C saturation) is dimensionless and
probably a more robust indicator than absolute val-
ues, expressed as concentration (g C kg?) (Sanchez
et al. 2003). Relative values are used in SFCC for the
‘a, ‘i’ and ‘n" modifiers for similar reasons. van
Noordwijk et al. (1997) calculated the reference val-
ues by regression equations for Sumatra. Lepsch et
al. (1994) calculated the SOM content in the top 20
cm of soils that had been cropped for many years in
Oxisols and Ultisols of Brazil without the ‘d’ modifier
by an equation having textural data as dependent vari-
ables.

Blair et al. (1997) proposed a measure of soil
organic matter through the use of a fraction extracted
by adilute (333 mM) KMnO, that represents the com-
bined components of labile carbon in the soil. Carbon
management index is the fraction of the dilute
KMnO,—SOC in a soil relative to that in an undis-
turbed or control soil (Blair et al. 1997). Murage et
al. (2000) found the KMnO, technique was sensitive
to differences in land use and was aso more conve-
nient and reliable than other determinations such as
light fractions and soil microbial biomass.

In SFCC, biological soil condition modifier ‘m’
was first introduced by Sanchez et al. (2003) by
using the concept of organic carbon saturation defi-
cit (Hassink 1997; van Noordwijk et al. 1997).
Sanchez et al. (2003) proposed a value of 80% of
the original topsoil total soil organic carbon as a trial
indicator that the soil is reaching a threshold in terms
of its capacity to maintain many of its functions.
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They also proposed that the ‘m’ modifier should also
be alternatively measured by the KMnO,-extractable
C method proposed by Blair et al. (1997). In the
present study we used the same biological soil condi-
tion modifier ‘m’, proposed by Sanchez et al. (2003)
to classify and map the soils of different physi-
ographic units of southeastern part of Haryana state
using remote sensing (RS) and GIS.

Materials and Methods

Study Area

The study area covers the southern part of
Faridabad district of Haryana state having the admin-
istrative blocks of Palwal and Hodal and lies between
27°51'40” and 28°10°24” N latitude, and 77°07°30”
and 77°32'25” E longitude and covers almost 1086
km? (Fig. 1). It is surrounded by Ballabhgarh block in
the north, Uttar Pradesh in the east, Rajasthan and
Gurgaon district in the south and west. Geologically,
it forms a part of the deep Indo-Gangetic aluvial
plain and the alluvial thickness varies from 100 m to
more than 300 m. The area is overlain by sand pre-
dominantly in the top 20 to 30 m and clay and kankar
below that. The aquifer is mainly semi-confined type
and the average groundwater level ranges between
10-20 m below ground level (Central Ground Water
Board 2004). The western part of the region is occu-
pied by diversified geological formations consisting
of unconsolidated recent and older alluvium and
guartzite. Quartzite rocks which occupy the maxi-
mum part, have limited source of availability of
groundwater confining largely to fracture planes and
the weathered zone. Yield potential of the fracture
zones varies from 100 to 200 liters per minute. Thick-
ness of alluvium is highly variable because of pres-
ence of sub-surface ridges and faults in the area
Groundwater level in the area is declining with rates

HELLARHUOAKRH

_;[F-. ::' .. I_| '____I'I':L - - —

Fig. 1. Map of study area sowing location of sampling points



www.IndianJournals.com
Members Copy, Not for Commercial Sale

Downloaded From IP - 14.139.224.82 on dated 9-Mar-2015

430

varying between 1 to 4 m per annum. In few pockets
in the area, the rate of decline has been alarming at 3
to 4 m per annum (Central Ground Water Board
2004).

The climate of the area is semi-arid sub-tropical
and monsoon-driven with average annual rainfall of
about 545.8 mm and the annual evaporation is about
2548 mm. Out of total rainfall, 85% is received from
south-west monsoon during the months of July, Au-
gust and September and the rest is received in the
form of winter rain. The average annual temperature
is 31.6 °C with January being the coldest month with
mean daily maximum and minimum temperatures of
21.3 and 2.3 °C, respectively. June is the hottest
month with maximum temperature going up to 47 °C.
The study area is under hyper-thermic temperature
regime. April and May are the driest months with
relative humidity of about 30% in the morning and
less than 20% in the afternoons.

Data Collection and Analysis

For generating maps, we used aerial photo-
graphs, the National Remote Sensing Agency (NRSA)
IRS 1C False Colour Composites (FCC) (1:50,000).
We also used the Survey of India Topographic Sheet
(1:50,000) to get a physiographic map of the area
Detailed field survey was made to correlate the image
characteristics with the physiographic features in the
field. The delineated base map (polygon feature class)
of study area and the location of sixteen soil sam-
pling points within the area (point feature class) were
generated using GIS software Arc-GIS 9.1/Arc-View
as two different coverage feature classes. The base
map and the soil sampling point coverage map were
overlaid. In each physiographic unit soil profiles were
studied for detailed morphological (FAO 1996) and
physico-chemical characteristics using standard pro-
cedures. The analyzed parameters were soil texture,
soil colour, pH, electrical conductivity (EC), sodium
(Na"), potassium (K*), calcium (C&"), and magne-
sium (Mg?) ions, cation exchange capacity (CEC),
exchangeable sodium percentage (ESP) and soil or-
ganic carbon (SOC). The soil texture was determined
by international pipette method (Piper 1966) and tex-
tural classes were determined by using USDA tex-
tural triangle. Soil colour was measured by using
Munsell colour chart. Soil pH was measured by pH
meter with glass electrode (Richards 1954). The elec-
trical conductivity was determined by using Eutech-
Cybernetics EC meter (Richards 1954). Sodium and
potassium concentrations were determined using
ELICO CL-220 flame photometer (Jackson 1967).
Calcium and magnesium concentrations were deter-
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mined by complexo-metric titration method using eth-
ylene diamine tetra-acetic acid (EDTA) (Barrows and
Simpson 1962). Cation exchange capacity was deter-
mined by neutral normal ammonium acetate method
(Richards 1954). The ESP was calculated by using
the formula from the United States Salinity Labora-
tory (Richards 1954). Soil organic carbon (SOC) was
determined by Walkley and Black (1934) rapid titra-
tion method. The soils were classified according to
soil taxonomy (Soil Survey Staff 1999).

Development of SFCC

Each physiographic unit was further classified
under SFCC. The system consists of three categori-
cal levels. type (texture of upper 20 cm of surface
soil), sub-strata type (sub-soil texture between 20
and 50 cm depth), and condition modifiers (physical
and chemical properties which influence the interac-
tion between soil and fertilizer materials). The type
levels are of four types. sandy top-soils (S), loamy
top-soils (L), clayey top-soils (C) and organic top-
soils (0). Similarly the sub-strata type levels are also
of four types: sandy sub-soils (S), loamy sub-soils
(L), clayey sub-soils (C) and rock or other hard root
restricting layer (R). In the original version of SFCC
there were fifteen condition modifiers: gley (g), dry
(d), low CEC (e), aluminium toxicity (a), acid (h),
high P fixation by iron (i), X-ray amorphous (X),
Vertisol (v), low K reserves (k), basic reaction (b),
salinity (s), natric (n), cat clay (c), gravel (‘) and
slope (%). A biological soil condition modifier (m),
proposed by Sanchez et al. (2003) was used in this
study to address the growing need of the farmers of
the tropical and sub-tropical regions for maintaining
productivity and sustainability.

Results and Discussion

The range, arithmetic mean, standard error of
mean and standard deviation for the soil properties
used to identify the soil physiographic units and to
develop the SFCC for surface and sub-surface soils,
respectively are presented in tables 1 and 2. Based on
the analytical data (Table 3), following physiographic
units were mapped: (i) point bars, (ii) levee com-
plexes, (iii) recent flood plains, (iv) basins with relict
channels, (v) dlightly undulating sandy plains with
few hummocks, (vi) plains with aeolian activity, (vii)
old level plains, and (viii) low lands (Fig. 2). These
were further classified into different SFCC units. The
type, sub-strata type and condition modifiers were
identified for each physiographic unit. The condition
modifiers relevant to the area were (i) gleying condi-
tion ‘g’, where soils or mottles have < 2 chroma
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Table 1. Descriptive statistics of the soil parameters in the surface soil (0-20 cm)

Parameters Maximum Minimum Average SEM + SD
Sand (%) 86.80 53.10 71.67 3.45 9.75
Silt (%) 25.10 8.50 16.26 1.74 4.92
Clay (%) 21.80 4.70 12.06 194 5.51
pH 10.50 7.70 8.50 0.29 0.85
EC (dSm?) 11.90 0.12 191 143 4.05
Ca*[cmol (p*)kg™] 5.82 1.01 2.57 0.54 1.52
Mg* [cmol (p*)kg™] 244 0.71 1.24 0.19 0.56
Na' [cmol (p)kg™] 2.59 0.24 0.82 0.27 0.76
K*[cmol(p*)kg™] 0.78 0.17 0.35 0.07 0.19
CEC [cmol (p)kg™] 10.30 2.50 5.84 0.98 2.78
ESP 54.00 7.80 16.08 5.47 15.48
SOC (g kg?) 5.30 1.00 3.16 0.53 1.50
Table 2. Descriptive statistics of the soil parameters in the sub-surface soil (20-50 cm)

Parameters Maximum Minimum Average SEM + SD
Sand (%) 86.30 51.60 69.37 4.02 11.39
Silt (%) 25.90 9.20 17.44 2.13 6.01
Clay (%) 22.50 4.50 13.18 2.17 6.13
pH 10.30 7.40 8.50 0.28 0.81
EC (dsm™?) 4.24 0.18 1.15 0.47 134
Ca*[cmol (p*)kg™] 5.72 1.10 2.99 051 143
Mg* [cmol (p*)kg™] 2.56 0.76 1.44 021 0.56
Na'[cmol (p*)kg™] 2.03 0.24 0.82 0.23 0.64
K*[cmol(p*)kg™] 0.53 0.14 0.29 0.05 0.14
CEC [cmol (p)kg™] 11.90 2.40 6.49 1.13 3.19
ESP 32.80 4.50 13.17 3.01 8.52
SOC (g kg?) 4.20 0.80 243 0.37 1.06

within 60 cm of the soil surface and below al A
horizons, (ii) dry condition ‘d’, having ustic moisture
regime, (iii) low cation exchange capacity ‘€', having
CEC <7 cmol(p")kg? of soil at pH 7, (iv) basic reac-
tion ‘b’, having pH >7.3, (v) saline condition ‘s,
having EC > 4 dS m? in saturation extract at 25 °C
within 1 m of soil surface, and (vi) natric condition
‘n’, having exchangeable sodium percentage (ESP) >
15 within 50 cm of the soil surface (Table 4).

Data show that more than 90% of the study
area is having soil organic carbon (SOC) deficiency,
with a newly introduced local condition modifier ‘m’,
because farmers are forced to rely largely on organic
inputs, and mineral fertilizer inputs are playing either
a secondary or no role at all (Pam et al. 2001). This
local SFCC biological condition modifier ‘m’ can be
applicable where the SOC is < 5 g C kg? soil within
20 cm depth, and forms a basis of SFCC units in the
study area (Table 5).

The SFCC map (Fig. 3) showed that in the
physiographic unit of point bars, the surface and sub-
surface soils were non-saline loamy sand with low
cation exchange capacity (€), basic in reaction (b),

moderately drained, calcareous, and deficient in SOC
(m). The soils were coarse loamy, Typic Ustifluvents.
Based on the above parameters the soils of the point
bars were classified under the fertility capability unit
‘SSebm’.

The soils of levee complexes were nearly flat
and developed/originated from the flood deposition of
the coarser materials parallel to the river. Taxonomi-
cally these soils are coarse loamy, Typic Ustorthents.
The condition modifiers identified were dry soil mois-
ture condition (d), low cation exchange capacity (e),
basic reaction (b), and deficient SOC (m). The soil
fertility capability unit was ‘SSdebm’.

The recent flood plain soils could be classified
as coarse loamy, calcareous, Typic Haplustepts. The
condition modifiers identified were dry soil moisture
condition (d), low cation exchange capacity (€) and
basic reaction (b). The soils were classified accord-
ing to the soil fertility capability unit as‘SLdeb’.

The basins with relict channels were natural
low-lying areas with poor drainage and micro-relief
where finer materials were deposited during heavy
floods in the past. Due to seasonal flooding and in-
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Fig. 3. Soil fertility capability classification (SFCC) map of
the study area

Table 4. Coding of type, substrata type and condition modifiers for soil fertility capability classification (SFCC)

Physiographic Type Substrata Modifiers Check list FCC unit
unit type g d e b S n m

Point bars S S ebm - - X X - - X SSebm
Levee complexes S S debm - X X X - - X SSdebm
Recent flood plains S L deb - X X X - - - SLdeb
Basins with relict channels L L 4 9] X - - X - - - LLgb
Slightly undulating sandy S S debm - X X X - - X SSdebm
plains with few hummocks

Plains with aeolian activity S S debm - X X X - - X SSdebm
Old level plains S L debm - X X X - - X SLdebm
Lowlands L L bsnm - - - X X X X LLbsnm

Table 5. Description of the soil fertility capability classification (SFCC) units and their comparison with soil taxonomy

Physiographic Taxonomic SFCC Unit Description
units classification
Point bars Coarse loamy, SSebm Sandy surface and subsurface soils having low cation
Typic Ustifluvents exchange capacity. Alkaline soils deficient in soil organic
carbon.
Levee complexes Coarse loamy, SSdebm Sandy surface and subsurface soils. Dry soils with low cation
Typic Ustorthents exchange capacity. Alkaline soils deficient in soil organic
carbon.
Recent flood plains Coarse loamy, SLdeb Sandy surface and loamy subsurface soils having dry
calcareous, condition. Low cation exchange capacity, alkaline in reaction.
Typic Haplustepts
Basins with Fine loamy, calcareous, LLgb Loamy surface and subsurface with gleying condition,
relict channels Aquic Haplustepts akaline in reaction.
Slightly undulating Typic Ustipsamments  SSdebm Sandy surface and subsurface with dry condition. Soils have
sandy plains with low cation exchange capacity, are alkaline in reaction and are
few hummocks deficient in soil organic carbon.
Plains with Coarse loamy, SSdebm Sandy surface and subsurface with dry condition. Soils have
aeolian activity calcareous, low cation exchange capacity, are akaline in reaction and
Typic Ustorthents deficient in soil organic carbon.
Old level plains Fine loamy, SLdebm Sandy surface and loamy subsurface with dry condition. Soils
Typic Haplustepts have low cation exchange capacity, are alkaline in reaction and
deficient in soil organic carbon.
Lowlands Fine loamy, calcareous, LLbsnm Loamy surface and subsurface soils with alkaline reaction.

Typic Haplustepts

Problem of soil salinity with sodium saturation at the surface.
Soils are deficient in soil organic carbon.
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tensive irrigation, salts leached down to deeper depths.
The surface and sub-surface soils were loamy in tex-
ture, calcareous, non-saline but alkaline in nature.
Taxonomically there soils were fine loamy, calcare-
ous, Aquic Haplustepts. The condition modifiers iden-
tified were presence of gley at subsurface layer (g),
and basic soil reaction (b). The soils were classified
as fertility capability unit ‘LLgb’.

The soils of dlightly undulating sandy plain with
few hummocks were mostly affected by aeolian sand.
Taxonomically, the soils were classified as coarse
loamy, calcareous, Typic Ustipsamments. The condi-
tion modifiers identified were dry soil moisture (d),
low cation exchange capacity (€), basic reaction (b),
and deficient SOC (m). The soil fertility capability
unit was ‘ SSdebm’.

Plains with aeolian activity had sandy and cal-
careous soil with leaching of clay, and a hard layer
of CaCO, concretions at shallow depths. Taxonomi-
cally, the soils were classified as coarse loamy, cal-
careous, Typic Ustorthents. The condition modifiers
were dry soil moisture condition (d), low cation ex-
change capacity (€), basic reaction (b), and deficient
SOC (m). The soil fertility capability unit was
‘SLdebm’.

The soils of low lands with moderate to poor
drainage could be taxonomically classified as fine
loamy, calcareous, Typic Haplustepts. The condition
modifiers identified were basic soil reaction (b), sa-
line soils (s), natric (n), and deficient SOC (m). Soil
fertility capability unit was ‘LLbsnm’.

The SFCC unit ‘SSdbem’, comprising of the
physiographic units of levee complexes, slightly un-
dulating sandy plains with few hummocks and plains
with aeolian activity occupied the maximum area,
which is nearly 63% of the study area. After incor-
poration of soil biological condition modifier ‘m’, the
SFCC became more robust and the soil physiographic
unit recent flood plain has come out of the SFCC unit
‘SSdbem’, because of its high SOC content. On the
other hand, three physiographic units like levee com-
plexes, dlightly undulating sandy plains with few hum-
mocks and plains with aeolian activity are coming
under same SFCC class SSdebm. Thus the real pic-
ture of soil fertility condition in the study area and its
relation with soil taxonomy has become more pro-
nounced.

Conclusions

Soil is a complicated three phase system and
the solid phase consists of both inanimate compounds
and live organisms and the latter play an important
role especialy in the tropical soils. The aim to de-
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velop and map the soil fertility capability classifica-
tion (SFCC) in arid and semi-arid tropics to bridge
the gap between soil fertility and soil taxonomy for
optimum and sustainable development cannot be fully
realized without the incorporation of soil organisms
in the classification system. In the SFCC system,
there may be many different SFCC classes in one soil
taxonomic unit and vice versa, but the number of
SFCC classes can be changed depending upon the
number of condition modifiers used relevant to the
soil related problems of a particular area. In the
present study, as maximum part of the area is defi-
cient in soil organic carbon, the incorporation of newly
introduced soil biological condition modifier ‘m’ has
hel ped to represent the real picture of soil fertility and
its relation with soil taxonomy. Thus a classification
approach where the local soil problems are incorpo-
rated can be more useful for the scientific commu-
nity, planners and decision makers to adopt better
management practices.
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