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Abstract

The Ananthapuramu district in Andhra Pradesh is predominantly characterized by
dryland agriculture, primarily cultivating three key crops: groundnut, pigeon pea and cotton.
This approach to farming often overlooks the land’s carrying capacity, which can result in
soil degradation and a swift decline in soil fertility. The focus of soil fertility assessment
and land management in this region is to analyze the soil resource database, identifying
both biophysical constraints and opportunities to enhance agricultural productivity and
soil health, particularly in the context of fluctuating rainfall patterns. This research employs
an exploratory methodology, utilizing soil analytical data from the prevalent soil series.
The weighted averages of each soil series were calculated, taking into account various
pedogenic properties such as particle size distribution, pH, electrical conductivity, organic
carbon content, calcium carbonate levels, cation exchange capacity, exchangeable bases, base
saturation, and soil depth. The soils in this area were typically featured clay-rich sub soils,
particularly in granitic terrains, exhibiting slightly acidic to neutral pH levels, high cation
exchange capacity, and gravelly profiles. However, these soils displayed poor structural
stability and have low to moderate fertility indices, indicative of significant organic carbon
depletion. The findings revealed a dichotomy in soil fertility across the research area, with
some regions classified as high fertility and others as low. The latter included land units
situated on steep slopes and lacking effective land management practices. Key limiting
factors affecting soil fertility were texture, organic carbon content, cation exchange capacity,
phosphorus, and total potassium levels. It is recommended that organic fertilizers can be
applied to enhance the fertility of these farming areas.

Keywords: Soil fertility; Rainfall variability; Dryland; Ananthapuramu; Soil series.

INTRODUCTION

Ananthapuramu district predominantly consists
of arid land. The primary challenges associated
with the agricultural use of this dry land stem from
low soil fertility, which is hindered by chemical
barriers that restrict plant growth, particularly

issues related to nutrient availability. The soil
in these areas exhibits low fertility levels and a
deficiency of organic matter. This situation is
further aggravated by the minimal application of
organic fertilizers, particularly during the annual
groundnut cycle. Additionally, the natural levels
of soil organic matter in tropical regions are
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rapidly diminishing, with reductions of 30-60%
occurring within a decade (Brown and Lugo, 1990).
Conversely, excessive tillage practices contribute to
the decline in the productivity of dry land. Research
indicates that over-tillage can compromise soil
structure. Therefore, effective land management
strategies, based on the chemical fertility of the
soil, are essential to meet the specific requirements
of the cultivated plant species. This study employs
pedogenic soil parameters to evaluate the fertility
status of the soil.

The assessment of soil fertility was conducted
through a meticulous analysis of soil series and
crop performance, aimed at providing fertility
recommendations to enhance land productivity
(FAO, 1988). The evaluation of the soil fertility
index was derived from pedological datasets
collected during a semi-detailed soil survey in the
Ananthapuramu district, employing the square
root method (Gilman, 1983, Sardiana 2017). This
study utilized chemical analyses to ascertain the
current status of soil fertility. Essential parameters
for this evaluation included soil chemical
properties such as cation exchange capacity, base
saturation, organic carbon, and exchangeable bases.
Understanding these chemical properties is crucial,
as they often serve as limiting factors across various
soil series. A comprehensive soil testing approach
encompasses the interpretation, evaluation, and
formulation of fertilizer recommendations based
on soil test results, alongside the collection of soil
samples. The distribution of soil fertility status can
be effectively mapped through exploratory survey
(Bhaskar and Ramamurthy, 2024), which also aims
to assess land units and the potential of soil nutrient
elements to support crop growth, as determined
by laboratory analyses (Boul 1972, Bhaskar

2019). Soil indicators can be divided into three
main types: physical, chemical, and biological.
By tracking changes in these indicators, we can
evaluate the overall quality of the soil (Larson and
Pierce, 1991; Ditzler and Tugel, 2002) and create
a single measure called the soil quality/fertility
index (SQI/SFI). It is important to examine how
soil properties change with different land cover or
land use. This helps us to understand how these
changes affect soil and water quality, biodiversity,
and global climate systems, which in turn impact
natural resources and ecological processes (Abbasi
2010). Recognizing the significance of soil fertility,
it is imperative to evaluate the status of soil fertility
in the dry lands of Ananthapuramu to develop land
management strategies that can be implemented by
farmers, thereby bolstering the groundnut-based
crop production system in the region.

MATERIALS AND METHODS

Details of study site

Ananthapuramu District is situated in the
Rayalseema plateau spans an area of 19,300 square
kilometers, located between 13°40°4” to 15°14°46”
N and 76°47°12” to 78°27°44” E. Of this total area,
92% is composed of crystalline rocks, which exhibit
a high capacity for direct runoff and significant
evapotranspiration. The district experiences hot
summer climate characterized as arid to semi-
arid, with an average annual rainfall of 573 mm,
approximately 56% of which is supplied by the
Southwest monsoon. The Planning Commission
of the Government of India (1973) provided the
definition that we utilized to determine how
frequently droughts occur. Drought years are those
that get less than 75% of the long-term mean rainfall.
There were 12 of these drought years between 1911
and 1989, or around 1 in 6-7 years. It only rained
less than 200 mm in 1984. Thirty-eight percent
of the years had more than 600 mm of rainfall,
compared to eighty-two percent (65 out of 79) of the
years with more than 400 mm. The likelihood of 800
mm or more of precipitation is about 7.6% (Naveen
1991). The landscape is primarily dominated by
pediplains, followed by pediments and denudation
hills. The Pennar basin makes up 80% of the area,
while the Krishna basin, along with its tributaries
Jayamangala, Chitravathi, and Vedavathi, accounts
for the remaining 20%. In the pediment-pediplain
zone of the study area, have shallow red and
sandy (alfisols) soils with dense and compact
root restricting subsurface layers. The depth of
the stored soil moisture is between 100 and 115
mm. The soils have a neutral reaction, low levels
of organic matter, and are deficient in nitrogen,
phosphorus, zinc, and potassium. Various soil
types such as loamy calcareous and clayey soils
of alfisols, inceptisols, vertisols and entisols were
identified, originating from denudational processes
on the granitic craton (Bhaskar and Ramamurthy,
2024). This district is known for Groundnut (A.
hypogaea L.) and mostly grown by small and
marginal farmers with low yields due to low and
erratic distribution of monsoon rainfall. The mean
pod yield was 516 kg/ha but varies from 200 kg/
ha and 1200 kg/ha from year to year. The studies
on seasonal rainfall on yield reported that if there is
evidence from 10% less of normal seasonal rainfall,
there is 42% of reduction in pod yield (Bapuji Rao
2015). There is just a little of groundnut and pigeon
pea intercropping. During the late monsoon season,
foxtail (Setaria), pearl millet, and sorghum are also
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sowed but they are substituted with the more
lucrative nuts. Ananthapuramu district covers
a total area of 1,913,000 hectares, with about 13%
of this area being forested. The total area used for
crops is 1,136,000 hectares, and 69.6% of the total
area is actively farmed. The cropping intensity in
the district is 106%. Non-agricultural land makes
up only 10.5%, while permanent pastures account
for 2.2%. This district has the highest amount
of cultivated land per person at 0.29 hectares.
The population stands at 3,640,478, with 589,465
households in rural areas. In addition to these
problems, monsoon patterns of rainfall distribution
to the groundnut cultivation in Anantapuramu. The
simulation studies in recent times using CROPGRO-
Peanut model showed that there is a scope to
increase pod yields on average by 1.0%, 5.0%,
14.4%, and 20.2%, following the adoption of heat
tolerance, drought tolerant cultivars, supplemental
irrigation and a combination of drought tolerance
cultivar and supplemental irrigation at 60 days
after sowing (Kadiyala 2015).

Data collection

A detailed dataset encompassing 45 years of
rainfall data, from 1966 to 2012, was acquired from
the Ministry of Earth Sciences, specifically through
the Additional Director General of Meteorology
(Research) Climate Application Group of the India
Meteorological Department (2015). Furthermore,
annual data regarding the area and yield of
groundnut, pigeon pea, and cotton was obtained
from ICRISAT (2020). Soil resource information
was extracted from the NBSS&LUP (2008) report
pertaining to Anantapuramu district in Andhra
Pradesh. A semi-detailed soil survey was conducted
at a scale of 1:63,360, adhering to the methodologies
established by the Soil Survey Division Staff
(2017). This study incorporated soil transect
investigations to establish relationships between
soil and landforms, as well as field soil correlation
that involved matching soils with geomorphic
surfaces, resulting in the identification of 36 distinct
soil series (NBSS & LUP, 2008). Soil samples were
collected according to the horizons in the soil
profile. The samples were air-dried, crushed and
sieved at 2 mm, and analyzed for the different soil
fertility indicators: slope, soil texture, soil depth,
organic matter content, calcium carbonate content
(CaCO?), cation exchange capacity (CEC), pH, and
electrical conductivity (EC) were analyzed as per
the procedures described by Jackson (1975). These
datasets enabled the examination of rainfall trends
in relation to crop area and productivity. A variety
of statistical tools were utilized to enhance soil

characteristics, which facilitated the determination
of the soil fertility index and the development of
strategies for rainfed agriculture in the district. The
statistical analysis focused on assessing rainfall
variability and calculating the soil fertility index
using the soil series data in the district.

Rainfall variability

The rainfall variability index was calculated
in the time series of rainfall data to the segregate
existing precipitation time series into different
climatic regimes, such as normal, wet, very wet,
dry and very dry climatic year (L’hote 2002). The
rainfall variability index (Di) was calculated from
the equation given as:

Di =(Pi-p)/o
Where,

Di represents the rainfall variability index for
year i, and Pi is the annual rainfall of year i. o and p
are the standard deviation and mean of the annual
precipitation series, respectively, for duration
under the study at the given station. The value of
Di within + 0.5, between + 0.5 and + 1 and more
than + 1 is categorized as a normal, wet and very
wet climatic year, respectively. Correspondingly,
when the value of Di lies in between —0.5 and -1
and less than -1 a dry and very dry, climatic year,
respectively, is indicated. Classification of CV
levels according to their ranges (Gomes, 1985).
Classification of CV Ranges of CV was listed as:
Low CV < 10%; Medium 10% < CV < 20%; High
20% < CV <30% and Very high CV =30

Structural stability index

Pieri (1992) proposed that risk of structural
degradation in cultivated soils could be assessed
via the “structural stability index”, SSI (%):

SSI =1.724X0OC/Silt + Clay x 100;

Where, OC (wt.%) is soil organic carbon content
and (Silt + Clay) (wt.%) is the soil’s combined silt
and clay content. An SSI of 9% indicates stable
structure, 7% < SSI < 9% indicates low risk of
structural degradation, 5% < SSI < 7% indicates
high risk of degradation, and SSI < 5% indicates
structurally degraded soil. Note that since SI is
based on OC and texture, it does not relate directly
to the porosity aspects of soil structure, but rather
to the “resilience” of the structure.

Statistical analysis

The soil series data was used to calculate profile
weighted means of soil properties (Weighted mean
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= thickness of horizon X value of soil property/
total thickness). These soil properties were used to
calcuculate descriptive statistics (mean, Standard
deviation (SD) and coefficient of variation (CV% =
0/ mean*100) using statistics kingdom package.

Soil fertility index

These properties were utilized to calculate the
soil fertility index (SFI). The parametric method
known as Square-Root was employed (Saglam and
Dengiz 2014).

Table 1: Rating scheme for soil fertility evaluation in this study

SFI was determined for qualitative soil fertility
categories through a parametric technique that
utilized fifteen parameters for each soil sample
location. To establish this model and identify
the threshold levels of each SFI category were
referenced (.......... ). SFI was calculated and
using the value of factor rating for each factor as
(Table 1.1) given under:

SFI = [Rmax X VA /100 X B/100 X --------- ] x 100
Rmax = (A+B+---mm-mo- P)/number of properties (n)

Factors rating

Diagnostic factors

100 80 50 20 10
Ex.Ca (cmol/kg) 17.5-50 5.75-17.5 1.19-5.75 >50 <1.19
Ex.Mg (cmol/kg) 1.33-4.00 4.0-125 0.42-1.33 >12.5 <0.42
Ex.K (cmol/kg) 0.28-0.74 0.74-2.56 0.13-0.28 >2.56 <0.28
Ex.Na (cmol/kg) 0.0-0.20 0.21-0.30 0.31-0.70 0.71-2.0 >2.0
CEC (cmol/kg) >25 25-15 10-15 5-10 <5
SOM (%) >30 20-30 10-20 5-10 <5
CaCO® (%) 5-15 1-5 15-25 >25 0-1
EC (dSm™) 0-2 24 4-6 6-8 >8
pH (1:2.5 soil water ratio) 6.5-7.5 7.5-8.5 5.5-6.5 4555 <4.5->85
Textural class cl, scl, sicl vfsl, 1, sil, si<50%c >50%c, sc, sic sl, fsl s,Is

cl=clay loam, scl=sandy clay loam, sicl=silty clay loam, vfsl=very fine sandy loam, I=loam, sil=silt loam, si=silt, sc=sandy clay,
sic=silty clay, sl=sandy loam, fsl=fine sandy loam, s=sandy, Is=loamy sand

Table 2: Classes and values of soil fertility index

description Soil fertility index
S1 Good >80
S2 Moderate 80-50
S3 Marginal 50-20
N Poor <20
RESULTS AND DISCUSSION

Area productivity and rainfall characteristics

The data pertaining to area and productivity (1966
to 2012) in relation to rainfall and its variability for
three principal crops such as Groundnut (Arachis
hypogeae L), Pigeon pea (Cajanus cajan) and cotton
(Hibiscus spp.) grown in Ananthapuramu district
is presented in Table 1.3. The mean area under
groundnut is 556.45 = 230.19 (000ha) with very

high coefficient of variation (41.37%) and mean
productivity of 678.28 £290.27 kg /haand CV 0f42.79
%. the mean area under pigeon pea is 26.99 + 9.94
(OOha) with CV of 36.81 and low mean productivity
of 204.72kg/ha and CV of 61.26% whereas, mean
area under cotton is 16.66 £ 11.01 (000ha) with CV of
66.06% but productivity of 142.66 + 78.53 kg /ha and
high CV of 55.05%. The area receives mean annual
rainfall of 540.12 + 125.13mm with high CV of
23.17%. Three consecutive years from 1984 to 1986
received total rainfall less than 400mm whereas
2003 received total rainfall of 387.7mm and 2012
with total of 412.8mm. The rainfall variability as
expressed as Di shows negative sign as dry period
and positive sign for wet period of rainfall. The
mean monsoon rainfall is 310.85 + 110.61mm with
very high variability (CV of 35.5%).The results of
regression analysis for area and productivity in
relation to rainfall variability is shown as below:
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Groundnut

Productivity (kg/ha) = 365.1874 + 1.0072
(monsoon rainfall, mm)

The simple linear regression between yield/ha
and monsoon rainfall shows a significant medium
positive relationship with correlation coefficient
of r = 0.371 at probability level of (p) = 0.012. The
multiple linear regression indicated that there is
a weak collective significant effect between the
area (000ha), Productivity (kg/ha), and Rainfall
variability (Di) with (F value (1, 45) = 544, p
=0.024, R* = 0.11, R adj = 0.09). The regression
equation explains only 11% of variability in rainfall
variability with area and its relation is expressed as:

Di = 0.183767 - 0.000329482 area (000ha)

Pigeon pea

The simple linear regression between
productivity and total rainfall yielded coefficient
of determination (R? of 0.19 with F value of
(1, 45) =10.48 and significant at p level of 0.002. The
predicted regression equation is given as under:

Productivity (kg/ha) Y = -30.5658+0.4356
(total rainfall (mm)

The results of the multiple linear regression
indicated that there was a moderate collective
significant effect between the area (000ha),
productivity (kg/ha), and Di, (F(1, 45) = 1042,
p = 0.002, R? = 0.19, R? adj = 0.17). The correlation
matrix shows a negatively significant relation
between Di and productivity (r =-0.44%)

Di = 0.163916 - 0.0007986 productivity (kg/ha)

Table 3: Area, productivity and rainfall variability (1966 to 2010) in Ananthapuramu district

Year Groundnut Red gram Cotton Rainfall(mm) DI
Area  Productivity = Area  Productivity Area  Productivity
(000ha)  (kg/ha)  (000ha)  (kg/ha)  (000ha)  (kg/ha)  Lofal  class  monsoon

1966 168 654.76 29 172.41 42 47.62 6239 normal 375.3 -0.16
1967 225 635.56 22 454.55 35 28.57 5155 normal 295.6 0.05
1968 205.5 739.66 214 420.56 31.5 31.75 493.7 normal 269.6 0.09
1969 236.2 560.12 20.8 120.19 33.6 47.62 4854  normal 2194 0.10
1970 2755 529.58 22.7 290.75 31 41.94 4751 normal 256.1 0.12
1971 264.9 761.42 19.6 142.86 30.9 51.78 4619 normal 236.9 0.14
1972 225 671.56 20.7 183.57 19 4211 4915 normal 196.3 0.09
1973 277.7 852.36 24.6 89.43 26.7 48.69 601.6  normal 362.3 -0.11
1974 300.3 837.83 20.3 157.64 20.8 144.23 589.9 normal 326 -0.09
1975 3244 723.80 224 80.36 11.8 59.32 589.9 normal 326 -0.09
1976 323 276.78 15.8 31.65 9.8 71.43 3194 dry 219.1 041

1977 2943 933.06 231 121.21 28 103.57 643.1 normal 327.8 -0.19
1978 335.1 798.27 21 147.62 26 61.54 502  normal 297.5 0.07
1979 364.9 727.87 18.2 137.36 27.6 76.09 599.3 normal 387.9 -0.11
1979 364.9 727.87 18.2 137.36 27.6 76.09 599.3  normal 387.9 -0.11
1980 3234 381.88 17.7 50.85 28.3 123.67 383.5 dry 2144 0.29
1981 3914 938.43 20.4 93.14 32 106.25 6271 normal 439.1 -0.16
1982 395.7 659.59 18.1 121.55 29.9 96.99 489.7 normal 259.4 0.09
1983 451.2 1169.77 20.8 177.88 322 145.96 507  normal 384.6 0.06
1984 4734 615.12 19.2 125.00 17.2 279.07 351 dry 205.5 0.35
1985 486.6 659.47 22,6 13717 16.8 166.67 300.8 dry 161.1 0.44
1986 442 943.44 23 173.91 4 100.00 387.7 dry 254.3 0.28
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Year Groundnut Red gram Cotton Rainfall(mm) DI
1987 542 959.41 25 120.00 6 66.67 487.3 normal 241 0.10
1988 717.3 980.34 31.6 104.43 7.8 153.85 825.8 wet 639.8 -0.53
1989 739.2 689.12 29.1 147.77 13.9 266.19 592 normal 534.8 -0.10
1990 741.46 663.85 26.85 71.14 15.13 169.86 4539 normal 168.9 0.16
1991 720.59 689.02 24.43 275.07 14.51 233.63 580.1 normal 249.5 -0.07
1992 742.75 679.68 26.39 231.15 14.14 243.28 4785 normal 245 0.11
1993 731 1010.94 24 250.00 10 289.00 584.4 normal 290.2 -0.08
1994 687 621.54 23 217.39 9 245.56 4259 normal 137.8 0.21
1995 745 1326.17 26 269.23 12 297.50 532.6 normal 368.8 0.01
1996 759 731.23 25 360.00 11 262.73 790.6 wet 511.6 -0.46
1997 670 373.13 21 142.86 7 242.86 531 normal 327.3 0.02
1998 781 1157.49 27 333.33 14 157.86 658.71 normal 424.41 -0.22
1999 716.65 383.48 23.22 167.10 9.45 189.42 4985 normal 2854 0.08
2000  814.61 1115.63 30.73 257.08 12.03 227.76 677.6  normal 3783 -0.25
2001 777 A7 466.92 27.95 272.99 8.55 180.12 698.4 normal 352 -0.29
2002 750 372.00 33 21212 8 148.75 420  normal 1514 0.22
2003 686 302.74 41.18 169.01 4.21 171.02 387.7 dry 171.6 0.28
2004  872.32 809.66 32.75 240.92 8.93 134.38 490.7 normal 249.7 0.09
2005 899.04 435.99 35.01 676.95 33 178.79 768.1 wet 426.6 -0.42
2006 662.11 93.85 26.24 13491 1.51 218.54 439.6  normal 203.2 0.19
2007  896.83 1260.14 36.58 466.92 3.49 77.36 6541 normal 529.5 -0.21
2008 870.46 114.89 34.07 385.97 1.61 130.43 760.9 wet 432.6 -0.41
2009  530.38 267.69 20.59 291.89 2.06 101.94 579.4  normal 357.8 -0.07
2010 834.07 576.69 66.01 169.07 4.34 117.51 752.23 wet 397.9 -0.39
2011 753.84 275.10 51.75 82.90 19.3 106.22 466  normal 2314 0.14
2012 729.7 452.17 56.59 142.07 27.64 218.89 412.8 dry 289.4 0.24
mean  556.45 678.28 26.99 204.72 16.66 142.66 540.12 310.85

sd 230.19 290.27 9.94 12542 11.01 78.53 12513 110.61

v 41.37 42.79 36.81 61.26 66.06 55.05 2317 35.58

Cotton Soil characteristics

The formula for the relationship between
productivity and total rainfall is productivity (kg/
ha) = 125.7824 + 0.03125 (total rainfall, mm). This
equation has a poor R? of 0.0025 with F(1,45) =
0.11 at the p = 0.740 probability level. A very weak
collective non-significant effect between the area
(000ha), productivity (kg/ha), and Di was found by
the multiple linear regression results (F(1,45)=1.32,
p+2.56, R* = 0.03, R*adj = 0.01).

Di = -0.0586763 + 0.00354762 area (000ha)

Particle size distribution

The soils in question predominantly exhibit
a gravelly composition, with an overall mean
gravel content of 24.62%+17.48% and a notably
high coefficient of variation (CV) of 71.01% (Table
1.4). The Kothacheruvu series (KTC) records a
zero gravel content, while the Rampuram series
(RMP) shows gravel content exceeding 77.03%.
The presence of gravel in granite soils has been
documented in the Ananthapuramu region
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(Bhaskar 2024; Srinivasan 2021). Among the sand
fractions, coarse sand is the most prevalent, with a
mean value of 32.20%+21.03% and a high variability
(CV of 65.30%). The minimum coarse sand content
is observed at 4.63% in Velamakuru (VMK),
whereas the maximum is recorded at 74.91% in
Uravakond (URK). The mean fine sand content
is 18.24%+15.59%, with a CV of 85.47%, and the
maximum fine sand content reaches 59.10% in the
Penner soil series (PNR). Collectively, these soils
exhibit a mean total sand content of 50.29%+18.29%,
with a minimum of 13.47% in the Mincheri series
(MCI) and a maximum of 82.52% in the Batrepalli
series (BTP), accompanied by a high CV of 53.33%.
The mean silt content is 12.44%+7.35%, with a CV
of 32.48%. The Kondapuram series shows a silt
content of 3.03%, while the Tamballapalle series
(TMP) has a maximum of 32.02%. The mean sand-
to-siltratio is 7.64+5.99, with a very high CV of 78.39.
Ratios below 1 are found in four series: Hagalur
(HGL), Kadavakallu (KDK), Mincheri (MCI), and
Velamakuru (VMK). These series display relative
uniformity, whereas other soils characterized by
high sand and low silt content yield elevated sand-
to-silt ratios, suggesting the presence of variable
colluvial deposits and young stratified soils in the
area. The sand-to-silt ratio and its depth distribution
have been identified as effective indicators for
recognizing lithological discontinuities within
these soils (Bhaskar 2000). The average clay content
in these soils is 37.26+14.27%, with a minimum
of 4.87% recorded in Wajrakarur (WJK) and a
maximum of 65.5% observed in Velamakur (VMK).
The mean silt-to-clay ratio for this soil series is
0.44+0.63, with a coefficient of variation exceeding
100. Soils exhibiting a silt-to-clay ratio greater
than 0.15% are classified as young and moderately
weathered, indicating a higher potential for
weathering (Ahukaemere 2017). In contrast, the
Gooty, Madakasira, and Kondapuram series
display silt-to-clay ratios below 0.15%, suggesting
a higher degree of weathering relative to other soils
in the study area.

Chemical characteristics

The average pH level is 7.32£0.8, indicating
a neutral reaction with low variability and
salt content, as evidenced by a mean electrical
conductivity (EC) of 0.41£1.12 dSm™. Soils in Perur
and Ananthapuramu are classified as strongly
alkaline (pH >8.5), while Kothacheruvu exhibits
moderate acidity with a pH of 5.85. Vemalakur
soils show an EC greater than 1, suggesting slight
salinity (Haldar 2020). These soils have very low
organic carbon (OC) content, averaging 0.31+0.15%

with a coefficient of variation (CV) of 48%. The
Tadipatri and Wajrakarur series contain 0.1% OC,
whereas Satrarlapalle (STP) has 0.7%, resulting in an
efficiency factor of 48.26 (Table 1-4). The findings of
this study align with those reported by Prabhavati.
(2015) and Nalina. (2016) regarding the soils in the
northern and eastern dry zones of Karnataka. Low
organic carbon levels in these soils can be attributed
to the semi-arid conditions, which accelerate the
degradation of organic matter, combined with
minimal addition of organic fertilizers and sparse
vegetation cover, leading to limited organic
carbon accumulation. The soil organic carbon
to clay ratio (SOC:clay) is recorded at 0.01+0.01,
exhibiting significant variability (CV of 126.01%).
This ratio is a critical indicator in soil quality
management, with threshold values established in
Switzerland, where SOC:clay ratios indicate soil
structure quality ranging from very good (>1:8) to
degraded (<1:13) (Ophélie Sauzet 2024). The low
SOC to clay ratio in these soils categorizes them
as degraded according to these standards. The
dryland agricultural environmental management
in Ananthapuramu district may not meet the soil
health thresholds for the SOC: clay ratio due to
the low SOC values observed regionally, and the
presence of clay-rich argillic subsurface horizons
necessitates an assessment of the structural
conditions of the corresponding soil groups, as
the observed structural quality does not align with
the established thresholds (Johannes 2017). The
importance of this ratio cannot be ignored without
thorough agronomic and pedological studies, as
noted by Poeplau and Don (2023). The average
CaCO, content in these soils is 3.19+6.01 %, showing
significant variability. The Veldandla series has a
CaCQ, level of 28.68%, while 13 out of 36 soil series
have none. The average CEC is 26.26+14.23 cmol/
kg, with a coefficient of variation of 54.2%. Batreplle
and Chitravati soils have a CEC less than 10 cmol/
kg, while 15 series fall between 10 to 20 cmol/kg,
and 12 series exceed 25 cmol/kg. Multiple linear
regression results show a strong combined effect
of clay (%), silt (%), pH, and CEC (cmol/kg) with
F(3,32) = 69.82, p <.001, R* = 0.87, R*%adj = 0.86. The
equation for CEC (cmol/kg) is -27.4 + 0.7 clay (%) +
0.6 silt (%) + 2.8 pH, which accounts for 87% of the
variability in soil CEC.

The ratio of Cation Exchange Capacity (CEC) to
clay content ranges from 0.36 to 1.06, serving as a
valuable tool for estimating clay mineralogy. When
this ratio is multiplied by 100, the result is expressed
in cmol(p+)/kg of clay. The typical ranges for
various clay mineral classes are as follows: less
than 0.2 indicates kaolinitic clay; between 0.2 and
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0.3 suggests either kaolinitic or mixed clay; from
0.3 to 0.5 points to mixed or illitic clay; 0.5 to 0.7
indicates mixed or smectitic clay; and greater than
0.7 signifies smectitic clay. According to the Soil
Survey Staff (2010), the average CEC/clay ratio for
these soils is 0.68+0.18 cmol/kg, with a coefficient
of variation of 18.79%, reflecting a predominance of
mixed or smectitic clay types. The Chitravathi soil
exhibits a minimum of 0.36 cmol/ kg (mixed-illitic),
while the Itigi series reaches up to 1.06 cmol/
kg (smectitic). The pronounced variations in soil
aggregate stability across different land uses can be
attributed to the effects of cultivation. This includes
both the direct disruption of soil aggregates and the
resultant increase in soil respiration and organic
carbon loss. The inherent tendency of these soils
to slake is highlighted by an average Slake Index
(SI) of 2.8 for soils with 25% or more clay content
and a CEC to clay ratio of less than 0.5, particularly
under perennial ground cover in pasture lands.
Cultivation has significantly intensified this
natural tendency, with average SI values rising to
4.8 in dryland cropping areas and 5.0 in irrigated
sites (Jones 2021). The CEC to clay ratio emerges
as a crucial parameter, indicating the type of clay
minerals present, which in turn influences slaking
due to its role in the shrink-swell behavior of soils.
A correlation between clay content and the CEC
to clay ratio has been observed. In the northern
regions of the study area, high-clay-content soils are
prevalent in the floodplain areas of Tungabhadra,
characterized by a greater proportion of shrink-
swell clay minerals like smectite. Conversely, the
granitic terrain in the southern and central regions
features alfisols and associated soils with lower clay
content and also a lower CEC: clay ratio, indicating
the dominance of low-CEC phyllosilicates, such as
kaolinite or illite.

It is important to note that soil series with clay
content less than 25% exhibited minimal slaking.
In contrast, for soils with clay content of 25%
or greater, the ratio of cation exchange capacity
(CECQ) to clay was a significant predictor of slaking
behavior. For instance, soils with approximately
40% clay content demonstrated low to moderate
slaking when the CEC:clay ratio was below 0.5,
while moderate to extreme slaking was observed
when this ratio exceeded 0.5. Distinct threshold
values were identified, with extreme slaking
occurring exclusively in soils with a clay content
of 25% or more and a CEC:clay ratio greater than
0.5. The relationships between the measured soil
properties and the observed slaking index (SI)
values were modeled independently for each soil

class, as different critical values were anticipated
to influence the behavior of various soil types
(Loveland and Webb, 2003). Soils characterized by
low organic carbon (OC) content (less than 0.3%)
and high clay content (greater than 25%), along
with elevated CEC:clay ratios were found to be
particularly susceptible to slaking. A threshold OC
value of 1.1% was identified, below which slaking
behavior did not correlate with any of the measured
soil properties, and the most extreme SI values
were recorded. In this study, the slaking index
was calculated using the pedotransfer function
represented by the equation SI = -0.22 — 0.19 x
OC + 0.09 x clay (R?=0.77, RMSE = 0.7, p = 0.000,
Jones 2021). This regression analysis suggests that
while OC content significantly influences observed
SI values, its impact is less pronounced in these
soils. Furthermore, a multiple linear regression
analysis was conducted, yielding the following
relationship: Ln(SI) = 1.197722 Ln(CEC) - 1.591194
Ln(pH) - 1.073687 Ln(CEC/clay). The results from
the multiple linear regression indicated a very
strong collective significant effect among CEC,
pH, and CEC/clay on SI (F(3, 33) = 557.55, p <
.001, R? = 0.98, adjusted R? = 0.98).The analysis of
individual predictors revealed that both Cation
Exchange Capacity (CEC) (t =-14.658, p <.001) and
clay content (t = -14.21, p < .001) were significant
contributors to the predictive model.

Soil fertility index and structural stability index

The soil fertility index, derived using the square
root method, indicates that the soils exhibit a mean
Soil Fertility Index (SFI) of 15.7 + 10.95, with a
coefficient of variation (CV) of 69.73%. According
to the established rating scheme, these soils are
classified as having a poor fertility index, which
suggests a severe loss of organic carbon (OC) and
an accumulation of calcium carbonate (CaCO,).
Specifically, the SFI for Perur soil is recorded
at 1.35, while Batrepalle soil has an SFI of 48.5,
reflecting marginal fertility levels. The majority
of the soil series fall within the marginal to poor
fertility index range. Results from the multiple
linear regression analysis demonstrated a robust
collective significant effect among the variables
CEC, clay, pH, Ex. Ca/Ex. Mg, Ex. K/Ex. Na, CEC/
clay, and SFI, with the model yielding F(2, 34) =
156.09, p <.001, R? = 0.9, and adjusted R?>=0.9. The
significant predictor in the model is expressed as:

SFI = 1.135422-CEC!045%

The Structural Stability Index (SSI) similarly
indicates a value of less than 5, which suggests a
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high level of degradability (Pieri, 1992). The mean
SSl is recorded at 1.19 £ 0.66, with values ranging
from 0.31 to 3.1. Results from the multiple linear
regression analysis revealed a very strong collective
significant effect among the variables of clay
percentage, silt percentage, organic carbon, and the
SSI, with the following statistical parameters: F(3,
32) = 107.46, p < .001, R? = 0.91, and adjusted R? =
0.90. The regression equation can be expressed as:

SSI = 1.2 - 0.03(clay %) - 0.03(silt%) + 4(OC%).

Importance soil fertility in climate sensitive
dryland farming systems of Ananthapuramu
district

In the drought stricken regions of
Ananthapuramu district, comprehensive soil
surveys were conducted to innovate and rejuvenate
dryland farming systems, aiming to cultivate
robust and productive agricultural soils that can
sustain yield-stable cropping practices amidst
the challenges of climate change. However, we
find ourselves at a crossroads; despite extensive
agricultural research initiatives at the regional
level, encompassing field experiments, laboratory
analyses, and sophisticated modeling frameworks,
the current empirical knowledge derived from
local farming practices remains scarce. This lack of
insight has hindered any significant improvement
in the productivity of locally cultivated crops. A
thorough review was undertaken to reassess soil
data, emphasizing soil fertility through pedological
insights and the characteristics of soil properties in
Ananthapuramu district. This analysis highlights
the critical importance of soil fertility, associated
soil attributes, and the necessary agronomic
management strategies essential for enhancing soil
fertility (Troeh and Thompson, 2005).

The important soil properties for dryland
farming that are helpful for researchers and local
farmers include: (1) water storage capacity, (2)
rootability, (3) SOC to clay ratio, (4) CEC/clay
ratio, (5) structural stability index, (6) soil fertility
index, and (7) slaking index (Table 4). These factors
support practices like catch cropping, diverse crop
rotations that maintain a good humus balance, and
keeping ground cover or mulch throughout the
year as effective farming strategies. For evaluating
soil fertility, key aspects include analyzing soil
structure, biological indicators, yield and biomass
production, soil nutrient tests, and adjusting field
experiments to focus on organic carbon storage.
Simple indicators and reference values are essential
for assessing soil fertility in response to future
climate changes (Bayu and Li, 2020). In higher

risk of drought stress under climate change in
the region, the erratic rainfall during monsoon
and of extreme weather events, such as storms or
heavy rainfall events, which greatly amplify the
risk of soil erosion and floods and significantly
increase production risk for farmers (Ray 2019).
This was also reflected more in recent times
and have a negative impact on production. The
farmers who reported more unseasonal rainfall
to promote severe top soil erosion and high risk
of protecting crop as seen during field survey.
The best agronomic practice identified was ‘year-
round soil cover.” This method is a key part of
conservation agriculture. It helps lower the chances
of soil erosion and water loss through evaporation,
while also benefiting soil life and enhancing how
water enters the soil (Williams 2018) but scope is
limited in the study area. This research highlights
that maintaining stable yields, or minimizing the
risk of production dropping below a critical level,
is essential in the face of climate change. Farmers
in the area consider this even more important than
overall yield. An examination of rainfall changes
over the past 46 years shows no significant increase
in yield per hectare for groundnut, pigeon pea,
and cotton. This aligns with recent studies. Even
with crop failures and regular droughts, farmers
in dry regions are reluctant to take on production
risks. Soil analysis indicates weak structural
stability, while crops need good structure and
macro porosity for healthy roots and proper air
and water balance. To improve soil health, it is
suggested to use diverse crop rotations and catch
cropping to increase soil organic matter and
carbon. This is crucial for stabilizing soil structure,
enhancing water retention, and promoting root
growth, all of which are important for climate
resilience and yield stability in groundnut systems.
Additionally, different crop types can improve the
availability of nutrients like phosphorus, iron, zinc,
and manganese, as they have different abilities to
mobilize soluble inorganic nutrients (Piotrowska-
Dtugosz and Wilczewski, 2020; Stomph 2020).

This study highlights that Ananthapuramu
is primarily recognized for its cultivation of
groundnuts and pigeon peas. However, the practice
of leaving crop residues on the field is not common
due to the demand from livestock, resulting in a
lack of organic matter return. Additionally, there
is insufficient application of organic and mineral
fertilizers, as the soils have already reached
threshold levels of soil organic carbon (SOC)
relative to clay and slaking index in relation to
Cation exchange capacity (CEC) and clay ratio,
leading to poor soil fertility and structural stability.
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The region shows limited potential for
organic fertilizers and relies heavily on synthetic
alternatives. These factors contribute to the
overall poor soil fertility and nutrient imbalances
observed. The positive impact of conservation
tillage in arid climates has been noted (Michler
2019), yet there is a lack of long-term trials and
no universal recommendations for practices,
emphasizing the need for tailored approaches at
both site and farm levels. Furthermore, farmers
express a desire for increased recognition and
support for soil-conserving tillage methods, along
with more financial and practical guidance, as
indicated in survey feedback. The high costs of
investment, delayed benefits, and the significant
time and expertise required for management deter
many farmers from adopting agroforestry practices
(Wilson and Lovell, 2016).

In Ananthapuramu district, a similar situation
exists regarding the adoption of conservation tillage
and agroforestry practices at the farm level. Farmers
face challenges due to their limited experience and
the absence of demonstrations or on-farm trials.
Transitioning to agroforestry requires permanent
changes to land use, which carries both legal
and economic consequences. Additionally, the
regulatory framework surrounding agroforestry
systems poses significant concerns for farmers. The
effects of biostimulants or soil amendments, such
as biochar, have been deemed minimal, leading to
low recommendations and implementation rates
among both farmers and institutional stakeholders.
Enhancing soil fertility in dryland farming is
essential, and new directives are necessary to
promote conservation tillage and agroforestry
systems to restore organic carbon levels and prevent
topsoil erosion in the area. There is an urgent need
to realign agricultural research programs at the
regional level and to initiate agroecological research
and extension activities that provide farmers with
financial support for validating agronomic trials on
their farms.

CONCLUSIONS

Soil data from surveys is essential for
understanding soil fertility, which is crucial for
creating climate-resilient and stable farming
systems in Ananthapuramu district. The survey
findings indicate that the soils range from neutral to
strongly alkaline, with varying soil organic carbon
to clay ratios, low structural stability, and marginal
to poor fertility. There is a weak connection between
total rainfall and the low productivity of pigeon pea
and cotton, as well as between monsoon rainfall and

groundnut yield in the area. The soil data highlights
the need to prioritize fertility improvement,
involving regional institutions for agroecological
research, as outlined below: 1. Currently, soil
fertility for crop production is rated as marginal to
poor, necessitating crop diversification to enhance
soil organic carbon in the future. 2. The primary
goals for agronomic investments, based on the
study’s indicators, are to enhance climate resilience
and yield stability in current cropping systems. 3.
Key soil properties expected to improve with better
fertility include water holding capacity, effective
rooting depth, carbon stock and SOC to clay ratios,
aggregate stability and soil fertility rates achievable
through catch cropping, diverse crop rotations, and
maintaining year-round soil cover. 4. For future
advancements in promoting soil fertility in farming
practices, there is a need for simple indicators and
reference values for assessing soil fertility, along
with workshops, field days, and field schools for
training purposes.

ACKNOWLDGEMENTS

Authors wish to express thanks to field staff and
Lab technical officers for their help in generation of
both field and lab data used in this study.

Conflict of Interest

There is no conflict of interest in publishing this
article.

REFERENCES

1. Abbasi, MK, Zafar. and M., Sultan, T. (2010)
Changes in soil properties and microbial indices
across various management sites in the mountain
environments of Azad Jammu and Kashmir.
Commun. Soil Sci. Plant Anal. 41: 768-782.

2. Ahukaemere C. Osujieke D. and Ndukwu B.
(2017). Horizon differences in micronutrient
contents of soils of the coastal plain sands in Imo
state, South-East Nigeria, micronutrient contents
of pedons formed under coastal plain sands.
Bulgar. J. Soil Sci. 2(2):112-122.

3. Bapuji Rao, B., Santhibhushan Chowdary, P.,
Sandeep, V. M., Pramod,V. P. and Rao, V. U.
M. (2015) Spatial analysis of the sensitivity of
wheat yields to temperature in India. Agric. For.
Meteorol., 200: 192-202

4. Bayu, T., Li, F. (2020) Review on contribution of
integrated soil fertility management for climate
change mitigation and agricultural sustainability.
Cogent Environ. Sci. 6.

5. Bhaskar, B.P. and Ramamurthy, V. (2024).
Agroecology for crop diversification: A case
study from Anantapur district, Andhtra
Pradesh. IJPS.2024; 11(1):23.DOIL:http://dx.doi.

Indian Journal of Plant and Soil / Volume 11 Number 2 July - December 2024



10.

11.

12.

13.

14.

15.

16.
17.

18.

19.

Indian Journal of Plant and Soil / Volume 11 Number 2 July - December 2024

B.P. Bhaskar and V. Ramamurthy, Impact of Rainfall Variability and Soil Characteristics on 63
Rainfed Agricultural System in Ananthapuramu District, Andhra Pradesh

org.10.21088/1jps.2438.9677.111243,

Bhaskar, B.P. and Nagaraju, M.S.S. (1998)
Characterization of some salt affected soils
occurring in Chitravati basin, Andhra Pradesh.
Journal of the Indian Soc. Soil Sci.46(3):416-421.

Bhaskar, B.P.,, RS. Reddy, R.S., Budihal, S.L.,
Chalia, O., Anantwar, S.C., Nasre, R.A., Arti
Koyal, Cajbhiye, K.S. and Velayutham, M.
(2000) Evaluation of sediment stratification and
classification of alkali soils in the Chitravathi
River Basin, Andhra Pradesh. Agropedology.
10:195-204.

Bhaskar, B.P., Sunil Maske. and Ramesh Kumar
S.C. (2019). Appraisal of Land Resources to Assess
Climate Changelmpacts for Rainfed Groundnut
(Arachis Hypogaea L) Production Potential in
Pulivendula Tehsil, YSR Kadapa District, Andhra
Pradesh, India. Indian J Plant Soil. 6(1):5-19.

Brown, S and Lugo, A.E. (1990). Tropical
Secondary Forests. Journal of Tropical Ecology.
6(1): 1-32.

Buol, S \W., SanchezP.A., Cate Jr, R.B. and
Granger, M.A!1974) Soil Fertility Capability
Classification. Journal Series of The North
Carolina Agricultural Experiment Station.; Paper
No. 4324. NC State University pp 126-141.
Ditzler, C.A., Tugel, A.J. (2002)Soil quality field
tools: Experiences of USDA-NRCS Soil Quality
Institute.Agron. J. 94: 33-38.

FAO (1988). Soil and Plant Analys.Rome:FAO
Soil Bulletin 38/1. P 241.

Gilman, G. P. (1983). Nutrient Availibility Inn
Acid Clearing and Cultivation. Proceedings of
The International Workshop on Soils Research
to Resolve Selected Problems of Soils in The
Tropics Townsville, Queensland Australia. 12-16
September p 189.

Gomes, F. P. (1985). Course in Experimental
Statistics.(13th ed.). PAdua Dias: ESALQ/USP. (in
Portuguese).

Haldar, A., Sahoo, A K., SiladityaBandyopadhyay,
Krishnendu Das, Gangopadhyay, S.K. and
Dwivedi, B.S. (2020). Comparison of different
methods of electrical conductivity determination
for assessment of salinity in soils of coastal
region, West Bengal. International Journal of
Chemical Studies. SP-9(1): 116-121.DOI: https://
doi.org/10.22271 /chemi.2021.v9.ilc.11453.
ICRISAT (2020). http:/ /data.icrisat.org.

Jackson, M.L. (1973). Soil Chemical Analysis.
Prentice Hall of India Pvt. Ltd., New Delhi, 498.
Johannes, A., Weisskopf, P., Schulin, R. And
Boivin, P. (2017) To what extent do physical
measurements match with visual evaluationof
soil structure? Soil and Tillage Research, 173:
24-32. https:/ /doi.org/10.1016/].still.2016.06.00
Jones, E. J., Filippi, P., Wittig, R., Fajardo, M.,
Pino, V., and McBratney, A. B. (2021). Mapping
soil slaking index and assessing the impact of

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

management in a mixed agricultural landscape,
SOIL, 7: 33-46, https://doi.org/10.5194/s0il-7-
33-2021.

Kadiyala, M.D.M.; Nedumaran, S., Piara Singh,
Chukka S., Mohammad A. I. and Bantilan, M.C.S.
(2015). Anintegrated crop model and GIS decision
support system for assisting agronomic decision
making under climate change. Sci.Total Environ.
521-522:123134. 10.1016/j.scitotenv.2015. 03.
097.

L'hote, Y., Mahé, G., Somé, B. and Triboulet, J.
P. (2002) Analysis of a Sahelian annual rainfall
index from 1896 to 2000; the drought continues.
Hydrolog. SCI. J. 47 (4): 563-572.

Larson, W. E. and Osborne, G.J.(1981). Tillage
Accomplishments and Potential. In Predicting
Tillage Effects on Soil Physical Properties and
Processes. ASA Special Publ. No. 44.

Larson, W.E. and Pierce, F.J. (1991) Conservation
and enhancement of soil quality. In Proceedings
of the International Workshop on Evaluation for
Sustainable Land Management in the Developing
World, International Board for Soil Research and
Management, Bangkok, pp.175-203.

Loveland, P. and Webb, J. (2003). Is there a critical
level of organic matterin the agricultural soils of
temperate regions: a review, Soil Till.Res.2003; 70:
1-18.

Michler, ].D., Baylis, K., Arends-Kuenning,
M. And Mazvimavi, K., (2019). Conservation
agriculture and climate resilience. J. Environ.
Econ. Manag. 93, 148-169.

Nalina, C.N., Anilkumar, K.S., Shilpashree,
K.G.Narendrababu, B., Sudhir, K. And
Natarajan, A. (2016) Inventory and mapping of
land resources for land use planning through
detail soil survey coupled with remote sensing
and GIStechniques: a case study in Nagenahalli
watershed, Doddaballapur Taluk, Bangalore
rural district, India.Int. J. Curr. Microbiol. Appl.
Sci. 6(8):314-331.

NBSS&LUP (2008). Soil Resource of Anantapur
district, Andhra Pradesh. Technical report
N0.1017.

Ophélie Sauzet, Alice Johannes, Cédric Deluz,
Xavier Dupla, Adrien Matter, Philippe C. Baveye.
and Pascal Boivin. (2024). The organic carbon-
to-clay ratio as an indicator of soilstructure
vulnerability, a metric focused on the condition
of soil structure. Soil Use Manage. 40:e13060.
https:/ /doi.org/ 10.1111/sum.13060 .

Pieri, C.J.M.G. (1992). Fertility of Soils: A Future
for Farming in the West African Savannah.
Springer-Verlag, Berlin, Germany.

Piotrowska-Dlugosz, A. and Wilczewski, E.
(2020). Influence of field pea (Pisum sativum L.)
as catch crop cultivated for green manure on soil
phosphorus and P-cycling enzyme activity. Arch.
Agron. Soil Sci. 66 (11): 1570-1582.



64

31.

32.

33.

34.

35.

36.

B.P. Bhaskar and V. Ramamurthy, Impact of Rainfall Variability and Soil Characteristics on
Rainfed Agricultural System in Ananthapuramu District, Andhra Pradesh

Poeplau, C. and Don, A. (2023). A simple soil
organic carbon levelmetric beyond the organic
carbon- to-clay ratio. Soil Use andManagement,
39:1057-1067.

Prabhavati, K., Dasog G.S., Patilm P.L., Sahrawat,
K.L. and Wani, S.P. (2015). Soil fertility mapping
using GIS in three Agro-climatic zones of
Belgaum district, Karnataka. J. Indian Soc. Soil
Sci. 63(2):173-180.

Ray, D.K., West, P.C.,, Clark, M., Gerber, ].S.,
Prishchepov, A.V. and Chatterjee, S. (2019).
Climate change has likely already affected global
food production. PLoS One, 14 (5), e0217148.

Saglam, M. And Dengiz, O. (2014). Distribution
and evaluation of soil fertility based on
Geostatistical approach in Bafra Deltaic Plain.
Tiirkiye Tarimsal Arastirmalar Dergisi, 1(2): 186-
195

Sardiana, LK., Susila, D., Supadma, A.A. and
Saifulloh, M. (2017). Soil Fertility Evaluation
and Land Management of Dry land Farming
at Tegallalang Sub-District, Gianyar Regency,
Bali, Indonesia.The 5" Geoinformation Science
Symposium. 2017 (GSS 2017) IOP Conf. Series:
Earth and Environmental Science, 98 (012043
doi:10.1088/ 1755-1315/98/1/012043

Shah, K.K., Modi, B., Pandey, H.P., Subedi, A,
Aryal, G., Pandey, M., Shrestha, J. and Fahad, S.
(2021). Diversified crop rotation: an approach for
sustainable agriculture production. Adv. Agric.
2021; 1-9.

37.

38.

39.

40.

41.

42.

43.

Soil Survey Division Staff. (2017). Soil Survey
Manual. USDA. Agri hand b. NO. 18. pp1-587.
Soil Survey Staff. (2010) Keys to Soil Taxonomy
(11th edn).Washington, DC: Natural Resource
Conservation Service, USDA), 346 p.

Srinivasan, R., Rajendra Hegde, Bhaskar, B.P.,
Srinivas, S., Niranjana, K.V. and Amar Suputra.
(2020). Pedogenesis of sodic soils in Somavathi
river basin of semiarid ecoregion Andhra
Pradesh: A case study. Journal of soil salinity and
water quality. 12(2):139-147.

Stomph, T., Dordas, C., Baranger, A., de Rijk, J.,
Dong, B, Evers, J., Gu, C,, Li, L., Simon, J., Jensen,
E.S., Wang, Q., Wang, Y., Wang, Z., Xu, H., Zhang,
C., Zhang, L., Zhang, W.-P., Bedoussac, L. And
van der Werf, W. (2020) Designing intercrops
for high yield, yield stability and efficient use of
resources: are there principles? Adv. Agron.160
(1), 1-50.

Troeh, F.R. and Thompson, L.M., (2005). Soils and
Soil Fertility, 6th ed. Blackwell, Ames, Iowa.
Williams, A., Jordan, N.R., Smith, R.G., Hunter,
M.C., Kammerer, M., Kane, D.A., Koide, R.T.
and Davis, A.S. (2018). A regionally-adapted
implementation of conservation agriculture
delivers rapid improvements to soil properties
associated with crop yield stability. Sci. Rep. 8 (1),
8467.

Wilson, M. and Lovell, S., (2016). Agroforestry
- the next step in sustainable and resilient
agriculture. Sustainability 8 (6).

Indian Journal of Plant and Soil / Volume 11 Number 2 July - December 2024



