SOIL-SITE SUITABILITY EVALUATION FOR OIL PALM IN THE SOILS OF KHAMMAM AND BHADRADRI KOTHAGUDEM DISTRICTS OF TELANGANA


Abstract
Soil is an essential natural resource that sustains the life-supporting system of a nation and influences the socio-economic progress of its population. As demand for land rises, land assessment has gained significance as individuals aim to optimize the use of scarce land resources. Land evaluation involves assessing how land performs for specific uses. Five unique soil profiles (pedons) from the oil palm (Elaeis guineensis Jacq.) farming zones in Khammam and Bhadradri Kothagudem districts of Telangana were examined and classified. These soils were evaluate soil suitability for oil palm in soils of Khammam and Bhadradri Kothagudem districts of Telangana using as per the guidelines given in Sys et al. (1991) and FAO land evaluation frameworks . The soil properties were correlated with crop suitability criteria and relatively better soils were identified for frame work development. The soils belong to Alfisols and Inceptisols soil orders. According to the proposed criteria (frame work) evaluated Aswaraopeta, Apparaopeta, Gattugudem, Buggapadu and Chandrugonda soils and assesed current suitability as marginally suitable (S3) with climatic factors such as annual rainfall and relative humidity and soil fertility factors (pH, organic matter) being common limitations for all the pedons. The suitability classes can be improved if the correctable limitations (Soil fertility characteristics) are altered through soil amelioration measures. Potentially all the pedons were evaluated to be moderately suitable (S2) for oil palm production due to limitations that can be corrected such as soil fertility, drainage by following appropriate measures. Management techniques, including conservational tillage and manure application, which improve the physical and fertility qualities of the soils.
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1. Introduction
Oil palm (Elaeisguineensis Jacq.) cultivation is a global practice, with countries such as Indonesia and Malaysia leading in palm oil production and exports. Recognizing the significance of this crop, India is actively working to expand the acreage dedicated to oil palm farming to help meet the country's growing demand for vegetable oil (Behera et al., 2019). “Oil palm cultivation covers an area of 19,000 hectares in Telangana, producing approximately 1.4 lakh metric tons of fresh fruit bunches (FFB) per hectare. In India, the total crude palm oil production is around 2.8lakh metric tons per hectare, with Telangana contributing approximately 39,000 metric tons per hectare” (INDIASTAT 2020-202; Pragnya et al., 2023). “Oil palm is grown in Telangana across various soil types and resource conditions, primarily under irrigated conditions in flat to gently sloping upland areas. The soils in the region vary and include red, lateritic, black, alluvial, and colluvial soils, each with differing nutrient-supplying capabilities” (Behera et al., 2019).
“Soil is vital natural resource on whose proper use depends the life supporting system of a country and the socio-economic development of its people. With the increase of demand for land, land evaluation has become more important as people strive to make better use of the limited land resources. Land evaluation is the process of assessment land performance for specified purposes” (Hakla et al., 2017). Yield of any crop is influenced by kind of soils occurring in the area, prevailing climate, topography and management levels. The crop management practices based soil and site suitability criteria may help to overcome the constraints of crop planning for maximizing the production. “It also helps in appraisal of suitability of a particular crop in specific soil / area. Land suitability evaluation is the process of estimating the potential of land for land use planning” (F. A. O., 1976, Sys et al., 1991, Ram Prasad et al., 20213, Pragnya et al., 2023 and Okon et al., 2024).
“These suitability models provide guidelines to decide the policy of growing most suitable crops depending on the capacities of each soil unit” (Sehgal, 1986). There are number of variations in growth and disparities in the packages adopted by farmers in crop cultivation in the study area. Very little attention was paid to study these soils. “Most of the studies conducted earlier were only broad based and were conducted as a part of their study of soils of country or state. There are number of variations in growth and disparities in the packages adopted by farmers” (Prasad, 2013). This leads nutrient imbalance in soil and ultimately results in soil degradation and declines soil productivity. So, it is essential to understand the land suitability for oil palm in order to encourage the oil palm production system. Keeping these considerations, an investigation was carried out to develop suitability evaluation for the oil palm for optimum utilization of soil and land resources of Khammam and Bhadrdri Kothagudem districts in Telangana with a better harvest index of oil palm.
2. Materials and Methods
	The study area, depicted in Figure 1, is located between North Latitude 17°29'31.1" and East Longitude 81°07'28.8" and encompasses the central Telangana zone, specifically focusing on the oil palm growing soils in the Bhadradri Kothagudam and Khammam districts. This region experiences a semi-arid monsoon climate characterized by distinct rainy, winter, and summer seasons. It is characterized by semi arid climatic condition, with the average rainfall of 1038 mm and 1191 mm in Khammam and Bhadrdri Kothagudem districts (Table 2) respectively, of which 76 % is received during southwest monsoon, 15 % during northeast monsoon and 9 % during summer season. Temperature extremes in the research area range from as high as 39.3°C to as low as 18.3°C, with an annual average air temperature of 28°C. Relative humidity in the region averages around 64 percent. In this study, five representative soil profiles (referred to as pedons P1 to P5) were examined from locations in Aswaraopeta, Apparaopeta, Guttagudem, Buggapadu, and Chandrugonda, where all soil horizons were observable. 
Figure 1. Location of the study area (Khammam and Bhadradri Kothagudem districts)
[image: ]
“Each pedon was subjected to morphological analysis, and soil samples were collected from every horizon for the analysis of various soil properties based on standard procedures. These properties included particle-size distribution using the hydrometer method, bulk density determined by the core method, pH measured in a 1:2.5 soil water solution, organic carbon content assessed using the methods of Walkley and Black (1934) and cation exchange capacity (CEC) determined with neutral normal NH4OAc” (Ashwini et al., 2016). “Soil classification was conducted in accordance with soil taxonomy guidelines” (Soil Survey Staff, 1998; Soil Survey Staff, 1998; and Soil Survey Staff, 2022).
Physiographically, the study area is located at an average height of 166 m above the mean sea level (MSL). The study area forms a part of Deccan Plateau. The general slope of the land is from north to south and their characteristics are presented in table 1. The soil samples representing each horizon of the pedons were collected and characterized for important physical and physico-chemical properties using standard procedures. The landscape and soil site characteristics (Table 2) were used to evaluate soil suitability for oil palm as per the guidelines given in Sys et al. (1991). The land suitability has been assessed by comparing the landscape and soil characteristics with crop requirements at different limitation levels: no (0), slight (1), moderate (2), severe (3) and very severe (4) (Table 3).  The number and degrees of limitations suggested the suitability class of each soil for oil palm. The potential land suitability subclasses were determined after considering the improvement measures to correct the limitations (Sys et al. 1991; FAO 1993a). 
Table 1. Meteorological data of Khammam and Bhadradri Kothagudem
	
Location/ Period
	1999 - 2019

	
	Rainfall (mm)
	Temperature(0C)
	Relative Humidity(%)

	
	
	Maximum
	Minimum
	

	Khammam / Mean
	1038
	32.8
	23.3
	63%

	Bhadradri Kothagudem / Mean
	1191
	32.5
	23.3
	64%



3. Results and Discussion
The physical characteristics of soil pedons have been given in table 2. The study area experiences a semi-arid monsoon climate. The soils were sandy loam to sandy clay loam and exhibit sub-angular blocky structures. Soil colour vary from dark brown to dark yellowish brown and from red to reddish brown. The soils were slightly hard to hard, friable when moist and slightly sticky when wet.  Highest gravel content observed in Chendrugonda and it is increased with depth. The soils were slightly acidic to slightly alkaline in reaction and are non-saline in nature. Organic carbon (OC) content varied from 1.9 to 11.1 g kg-1 and CEC ranged from 13.88 to 26.3 cmol (p+) kg-1. Exchangeable bases were in the order of Ca2+ > Mg2+ > Na+ > K+. 

Table 2. Physical properties of oil palm growing soils of Badradri Kothagudem and Khammam districts of Telangana– Profile samples

	Pedon No. and location
	Horizon
	Depth (cm)
	Mechanical composition (%)
	Texture
	Gravel %
	B.D (Mg m-3)
	Sand/
Silt ratio

	
	
	
	Sand
	Silt
	Clay
	
	
	
	

	Pedon 1. Fine- loamy, mixed, isohyperthermic, KanhaplicRhodustalfs

	P1. Aswaraopeta
	Ap
	0-15
	72.6
	8.0
	19.4
	sl
	-
	1.44
	9.08

	
	Bt1
	15-39
	67.2
	9.3
	23.5
	scl
	-
	1.51
	7.23

	
	Bt2
	39-68
	55.4
	7.4
	37.2
	sc
	-
	1.58
	7.78

	
	BC
	68-115+
	56.2
	7.7
	36.1
	sc
	-
	1.60
	6.94

	Pedon 2. Fine- loamy, mixed, isohyperthermic, TypicHaplustalfs

	P2. Apparaopeta
	Ap
	0-13
	65.4
	11.6
	23.0
	scl
	-
	1.43
	5.64

	
	Bt1
	13-29
	62.3
	8.0
	29.7
	scl
	-
	1.52
	7.79

	
	Bt2
	29 -50
	59.2
	8.2
	32.6
	scl
	-
	1.55
	7.22

	
	Bt3
	50-68
	52.1
	8.7
	39.2
	sc
	-
	1.64
	5.99

	
	BC
	68-105+
	61.2
	12.2
	26.6
	scl
	-
	1.43
	5.02

	Pedon 3. Fine- loamy, mixed, isohyperthermic, TypicHaplustepts

	P3. Gattugudem
	Ap
	0-24
	64.8
	11.3
	23.9
	scl
	-
	1.38
	4.62

	
	Bw1
	24-44
	56.4
	18.3
	25.3
	scl
	-
	1.49
	3.08

	
	Bw2
	44-77
	62.2
	17.7
	22.1
	scl
	-
	1.57
	3.51

	
	Bw3
	77-100
	57.7
	19.1
	23.2
	scl
	-
	1.57
	3.02

	
	BC
	100+
	65.0
	16.3
	18.7
	sl
	-
	1.59
	3.66

	Pedon 4. Loamy- skeletal, mixed, isohyperthermic, TypicHaplustepts

	P4. Buggapadu
	Ap
	0-15
	56.2
	6.6
	37.2
	gsc
	29.60
	1.39
	6.58

	
	Bw1
	15-30
	61.7
	10.2
	28.1
	gscl
	45.70
	1.48
	6.05

	
	Bw2
	30-58
	60.5
	11.6
	27.9
	gscl
	54.12
	1.54
	5.22

	
	Bw3
	58-82
	68.6
	12.5
	18.9
	gsl
	63.32
	1.56
	5.02

	Pedon 5. Loamy- skeletal, mixed, isohyperthermic,  VerticHaplustepts

	P5. Chandrugonda
	Ap
	0-26
	64.6
	11.5
	23.9
	gscl
	7.75
	1.38
	5.62

	
	Bw1
	26-44
	61.9
	13.3
	24.8
	gscl
	49.30
	1.51
	4.65

	
	Bw2
	44-70
	63.3
	13.6
	23.1
	gscl
	53.78
	1.62
	4.65

	
	BC
	70-95
	69.4
	12.4
	18.2
	gsl
	71.50
	1.63
	5.60



According to "Keys to Soil Taxonomy" (Soil Survey Staff, 2022), soils were classifed up to family level based on their morphological description and analytical data (Table 3). Alfisol and Inceptisol were the two soil orders represented by the oil palm growing soils in Khammam and Bhadradri Kothagudam districts (Table 3). Aswaraopet, Apparaopeta placed under Alfisols and rest were under Inceptisols (Ram Prasad, M. and Govardhan, V. (2011) and Pragnya et al. 2023).
Table 3. Classification of different soils in Bhadradri Kothagudem and Khammam districts (USDA Soil Taxonomy)

	P. No & location
	Order
	Classification

	1. Aswaraopeta
	Alfisol
	Fine- loamy, mixed, iso hyperthermic, Kanhaplic Rhodustalfs

	2. Apparaopeta
	Alfisol
	Fine- loamy, mixed, iso hyperthermic, Typic Haplustalfs

	3. Gattugudem
	Inceptisol
	Fine- loamy, mixed, iso hyperthermic, Typic Haplustepts

	4. Buggapadu
	Inceptisol
	Loamy- skeletal, mixed, iso hyperthermic, Typic Haplustepts

	5. Chandrugonda
	Inceptisol
	Loamy- skeletal, mixed, iso hyperthermic, Vertic Haplustepts


 
Climate, soil-site characteristics (weighted averages) of the soils of study area are presented in table 4. The pH of the soils varied from 7.0 to 7.4. This increase in soil pH down the slope could be due to leaching of bases from higher topography and getting deposited at lower elevations. The electrical conductivity of pedons ranged from 0.08 to 0.14 dS m-1 indicating slight salt content in these pedons.These results were similar to those of Sitanggag et al. (2006) in soils of Shikohpur watershed in Gurgaon district of Haryana. The distribution of organic carbon in these profiles is mainly associated with physiography. These findings are in conformity with those findings of Vara Prasad Rao et al. (2008), Kome et al. (2020) and Basava Raju et al. (2005).  The CEC in soils ranged from 16.0 to 24.0 c mol (p+) kg-1, which corresponds to clay content in the horizons.  The base saturation of soils vary from 70.17 to 80.50 per cent. 

Table 4. Soil-site characteristics of oil palm growing soils of Bhadradri Kothagudem and Khammam districts

	Physiographic
unit
	Soil-site
characteristics
	Pedon 1
	Pedon 2
	Pedon 3
	Pedon 4
	Pedon 5

	Climate requirements (c)
	Annual rainfall (mm)
	1191
	1191
	1191
	1191
	1191

	
	Mean temperature (oC)
	28
	28
	28
	28
	28

	
	Relative humidity (%)
	64
	64
	64
	64
	64

	Soil physical characteristics (s) (weighted averages)
	Effective soil depth (cm)
	115
	105
	100
	82
	95

	
	Sand (%)
	62.85
	60.04
	61.22
	61.75
	64.80

	
	Silt (%)
	8.10
	9.74
	16.54
	10.23
	12.70

	
	Clay (%)
	29.05
	30.22
	22.64
	28.03
	22.50

	
	Soil texture
	SCL
	SCL
	SCL
	SCL
	SCL

	
	Stoniness (%)
	Nil
	Nil
	Nil
	48.18
	45.58

	Topography(t)
	Slope (%) (s)
	2-3
	<2
	0-1
	<2
	<2

	Wetness (w)
	Drainage (w)
	WD
	WD
	MD
	MD
	MD

	
	Depth of water table (cm)
	>500
	>500
	>500
	>500
	>500

	Soil Fertility Status
(f) (weighted averages)
	pH (1:2.5)
	7.4
	7.3
	7.3
	7.1
	7.0

	
	Salinity (EC) (dS m-1)
	0.14
	0.08
	0.09
	0.08
	0.11

	
	Sodicity (ESP %)
	Non-sodic
	Non-sodic
	Non-sodic
	Non-sodic
	Non-sodic

	
	CEC (cmol(p+) kg-1)
	15.99
	20.92
	19.82
	24.13
	22.85

	
	Organic matter (g kg-1)
	8.1
	6.6
	5.9
	5.3
	4.6

	
	Base saturation (%)
	77.92
	80.50
	75.15
	70.17
	71.48



	“The climate and soil-site suitability criteria for oil palm are presented in table 5. The soils with no or only four slight limitations are grouped under suitability class S1 (highly suitable); the soils with more than four slight limitations, and/or with only three moderate limitations under moderately suitability class S2; the soil with more than three moderate limitations, and /or one or more severe limitations(s) under marginally suitable class (S3); the soils with very severe limitations which can be corrected under N1 ; the soils with very severe limitations which cannot be corrected grouped under unsuitable class N2” (NBSS & LUP , 1994 and Sys et al. 1991). 

Table 5: Climate and soil-site suitability criteria for oil palm 

	Soil-site
 characteristics
	                     Suitability class and degree of limitation

	
	Highly
suitable(S1)
	Moderately suitable (S2)
	Marginally suitable (S3)
	Not suitable(N)

	Climate requirements (c)

	Annual rainfall (mm)
	2000-2800
	1500-2000
	1000-1500
	<1000

	Mean temperature (oC)
	28-33
	27-26, 34-35
	>35
	

	Relativehumidity (%)
	>75
	75-60
	50-60
	<50

	Months with rainfall <100 (mm)
	<3
	3-4
	>4
	

	Soil physical characteristics (s)

	Effective soil depth (cm)
	>100
	75-100
	50-75
	<50

	Soil texture
	cl, scl, l, sil
	sl, sicl, c, sic
	ls, s, c (swelling)
	

	Stoniness (%)
	Nil
	>15-35
	>35
	>35

	Topography (t)

	Slope (%) (s)
	<5-10
	10-17
	18-25
	>25

	Wetness (w)

	Drainage (w)
	WD
	MW to IM
	ED to P
	PD

	Depth of water table (cm)
	>250
	100-250
	<100
	

	CaCO3 (%)
	
	
	
	

	Soil Fertility Status (f)

	pH (1:2.5)
	5.0-6.5
	6.6-8.0; 4.0-4.9
	>8.0; <4.0
	

	Salinity (ECe) (dS m-1)
	1-2
	2-4
	4-8
	>8

	Sodicity (ESP %)
	Non-sodic
	<10
	10-15
	-

	CEC (cmo1+kg-1 )
	>16
	<10
	<10
	<5

	Organic matter(g kg-1 )
	>8
	5-8
	3-5
	<3

	Base saturation (%)
	>35
	20-35
	10-20
	<10


*Textural classes: s-sand, si-silt, l-loam, c-clay, e.g.sil:-silt loam
Soil-site suitability classifications for oil palm cultivation were made based on the crop ideal growth requirements in relation to climate and soil-site parameters such as drainage, flooding, surface stoniness, texture, depth and other soil properties like organic carbon, CaCO3, CEC, base saturation, pH, and EC. The overall suitability of the soils was computed based on the kind and extent of constraints for a particular unit. Soil suitability was finally established based on the amount and severity of constraints. In Bhadradri Kothagudem and Khammam, the soil site suitability parameters for an oil palm were matched with the research area soil characteristics. Each mapping unit nature and degree of constraints were assessed, and the findings were shown in tables 6.

Table 6. Soil-site suitability evaluation for oil palm cultivation in the soils of Bhadradri Kothagudem and Khammam districts
	
Soil-site characteristics
	Pedon 1

	Pedon 2

	Pedon 3

	Pedon 4

	Pedon 5


	Climate requirements (c)

	Annual rainfall (mm)
	S3
	S3
	S3
	S3
	S3

	Mean temperature (oC)
	S1
	S1
	S1
	S1
	S1

	Relative humidity (%)
	S2
	S2
	S2
	S2
	S2

	Soil physical characteristics (s)

	Effective soil depth(cm)
	S1
	S1
	S1
	S2
	S2

	Soil texture
	S1
	S1
	S1
	S1
	S1

	Stoniness (%)
	S1
	S1
	S1
	S3
	S3

	Topography (t)

	Slope (%) (s)
	S1
	S1
	S1
	S1
	S1

	Wetness (w)

	Depth of water table (cm)
	S1
	S1
	S1
	S1
	S1

	Drainage (w)
	S1
	S1
	S2
	S2
	S2

	Soil Fertility Status (f)

	pH (1:2.5)
	S2
	S2
	S2
	S2
	S2

	Salinity (EC) (dS m-1)
	S1
	S1
	S1
	S1
	S1

	Sodicity (ESP %)
	S1
	S1
	S1
	S1
	S1

	CEC (cmol(p+) kg-1)
	S1
	S1
	S1
	S1
	S1

	Organic matter (g kg-1 )
	S1
	S2
	S2
	S2
	S3

	Base saturation (%)
	S1
	S1
	S1
	S1
	S1

	Current suitability class
	S3cf
	S3cf
	S3cwf
	S3cswf
	S3cswf

	Potential suitability class
	S2cf
	S2cf
	S2cwf
	S2cswf
	S2cswf



[bookmark: _GoBack]Based on the soil suitability criteria based on NBSS & LUP (1994) and Sys et al. 1991, “soils of the Khammam and Bhadradri Kothagudam evaluated to be marginally suitable (S3). Aswaraopeta, Apparaopeta, Gattugudem, Buggapadu and Chandrugonda were evaluated for current suitability were marginally suitable (S3) with climatic factors such as annual rainfall and relative humidity and soil fertility factors (pH, organic matter) being common limitations for all the pedons. Potentially all the pedons were evaluated to be moderately suitable (S2) for oil palm production due to limitations that can be corrected such as soil fertility, drainage by following appropriate measures. Management techniques, including conservational tillage and manure application, which improve the physical and fertility qualities of the soils should be used”.

Conclusion
A study was carried out to evaluate soil suitability for oil palm in Khammam and Bhadradri Kothagudem districts of Telangana. Five typical pedons were examined from oil palm growing soils and their morphological characteristics were assessed. The physical, physico-chemical and chemical attributes of the samples were extensively analysed and categorized following the USDA soil taxonomy method. The oil palm cultivated soils of study area were classified as Alfisols and Inceptisols. These pedons were chosen in the locations of Aswaraopeta, Apparaopeta, Guttagudem, Buggapadu and Chandrugonda were classified under Kanhaplic Rhodustalfs, Typic Haplustalfs, Typic Haplustepts and Vertic Haplustepts. Based on soil suitability criteria, currently the soils were marginally suitable (S3) for oil palm cultivation as per the F. A. O., 1976 and Sys et al., 1991. Climatic factors viz., annual rainfall and relative humidity, along with soil fertility factors like pH and organic matter, were common limitations for all pedons. Potentially all the pedons were evaluated to be moderately suitable (S2) for oil palm production due to limitations of study area can be corrected such as soil fertility, drainage by following appropriate measures.
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