






(Bhattacharyya et al. 1997). Clay soils associated with 

reduced drainage signify the influence of clay on soil 

drainage. Pedons 1 and 2 had redder hue values (5YR) 

owing to pedogeneic process of rubrification and the 

colour of the Pedon 3 varied from black to very dark 

grayish brown (10YR) with value ranging from 2 to 3 

and chroma 1 and 2. Dispersed forms of clay humus 

complex would be the reason for black colour of 

smectite dominated clay soils. Pedon 4 had soil colour in 

the 7.5YR of sub-surface soils and 10YR hue in surface 

soils. The darker colour of surface soils might be due to 

continuous inundation with water and masking effect of 

high organic matter under anaerobic condition. The 

reddish hue of pedons 1 and 2 might be due to iron and 

manganese compounds and their hydration in the parent 

material and climate (Chandran et al. 2013).    Pedons 1 

and 2 were gravelly with < 35 per cent coarse fragments. 

The presence of gravelliness associated with the 

landform and weathering rate of the parent material 

(Mishra 1987). Other soils, with the exception of Pedon 

3, displayed medium, weak and sub-angular blocky 

structure, whereas, pedon 3 possessed medium to 

coarse, strong to moderate, and sub-angular to angular 

blocky structure. The angular structures of the pedon 3 

might be attributed to the higher clay content and better 

ratio of fine clay to total clay (Kadao et al. 2003). The 

granite-gneiss soil (P1) was hard to very hard, friable to 

firm, moderately sticky and plastics, charnockite soil 

(P2) was slightly hard to hard, friable to firm, slightly to 

moderately sticky and plastic. Calc-gneiss soils (P3) had 

consistency ranging from hard to extremely hard (dry), 

firm to very firm (moist) and very sticky and very plastic 

(wet) whereas the consistency of the P4 relies upon the 

materials that have been deposited from other parent 

materials. Type of clay minerals and their amount and 

cementing agents determine the consistency of soils 

(Sathish et al. 2018). With respect to calcareousness, the 

pedons 3 and 4 had slight to violent effervescences. The 

calcareousness in pedon 3 is due to pedogeneic calcium 

carbonate formation (Kalaiselvi et al. 2020) whereas in 

pedon 4, the calcareousness might be due to the 

deposition of leachates from higher apex. 

Physical characteristics

Particle-size analysis of soils of different parent 

materials indicated significant difference in particle-size 

fractions (Table 2).  In contrast to the soils of calcic-

gneiss, which showed the distribution of clay (>60 

%)>silt (>25 %) >sand (20 %), the soils of granite-gneiss 

and charnockite origin had particle-size fraction (PSF) in 

the order of sand (>70 %) >clay (20-27 %) >silt (15 %). 

(b) (c) (d)(a)

Fig. 2. Soils of different parent materials (a) Granite-Gneiss, (b) Charnockite, 

(c) Calc-Gneiss, (d) Colluvio-alluvium

183Influence of Parent Material on Soil Characteristics
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The deposited soils of colluvio-alluvial parent material 

had high sand fractions (>60 %) than silt (10-15 %) and 

clay (12-27 %). The fact that clay content increased with 

depth could be attributed to the downward movement of 

finer particles from the surface. The dominance of sand 

particles in P1 and P2 might be due to quartz rich parent 

materials such as granite-gneiss and charnockite (Wilson 

2019) and removal of finer particle through run-off 

(Surekha et al. 1997). Regardless of the parent material, 

silt fractions registered an irregular trend with depth, 

which might be attributed to the weathering variability of 

the parent materials (Satish Kumar and Naidu 2012). 

Available water content of P1 to P4 ranged between 5.57 

per cent and 16.7 per cent. Soils of calc-gneiss (P3) had 

high available water content, whereas, the higher 

porosity and hydraulic conductivity of granite materials 

(P1-P2) showed low available water content.  It supports 

the hypothesis that clay and soil water-holding capacity 

are positively correlated. Invariable to the soils, water 

holding capacity increased with depth attributed to the 

increment of clay content with depth (Sathish et al. 

2018).

Chemical characteristics

The chemical characteristics of the soils depend 

on the composition of parent materials, which were 

apparently seen in this study (Table 3). Pedon 1 belongs 

to granite-gneiss and was associated with moderately to 

slightly acidic pH while, pedon 2 of charnockite origin 

was more acidic (very strongly to moderately acid). 

Acidic nature of the granite-gneiss and charnockite, 

intense weathering, high solubility of bases and leaching 

from the parent materials might be the reasons for the 

acidic nature of P1 and P2 (Anda et al. 2008). Pedon 3 of 

calcic-gneiss parent material had slightly alkaline 

(pH7.88) to strongly alkaline (pH 8.85) might be 

attributed to the calcic nature of the parent material, 

topographical variance, leaching, fertilizer management 

and exchangeable sodium. Regardless of the parent 

material and landform, the soils have shown the 

increasing trend of pH with depth that might be due 

release of organic acids during decomposition of organic 

matter, application of acid forming fertilizers and 

leaching losses of bases in the surface soils (Sathish et al.  

2018). Overall, the soils of  study area were non-saline 

except of calc-gneiss parent material (pedon 3) wherein, 

the presence of calcium content would resulted an 

increase in the EC of  sub-surface horizons. Similarly, the 

valley soils (P4) observed with high EC due to deposition 

of high exchangeable bases from higher elevation by 

slope gradient. Cation exchange capacity of the soils 
-1

varied from 4.1 to 73 cmol (+) kg  soil. The soils of P1 

and P2 had low CEC in their control section (25-100 cm) 
-1ranging from 10.76-17.67 cmol (+) kg  which was 

positively related to soil acidity. In contrary, the soils of 

P3 registered high CEC ascribed to high smectitic clay 

content (Gaikwad et al. 2020). In pedon 1& 2, the 
2+exchangeable calcium (Ca ) was observed very high 

2+followed by magnesium (Mg ) in the order of 
2+ 2+ + + Ca >Mg >K  >Na whereas, the pedon 3 and 4 

+ +
manifested contradict trend of Na  and K  in sub-surface 

2+ 2+ + +
horizons as Ca >Mg >Na >K . CaCO  was found in 3

Pedon 3 and 4 and the presence of high free CaCO  3

content might be due to formation of pedogeneic calcium 

carbonate under semi-arid climate and their deposition in 

low-lying areas (Khanday et al. 2017). The exchangeable 

sodium percentage (ESP) was high in pedon 3 (8-14 %), 

which might be ascribed to the formation of pedogenic 

carbonates leading  to the development of sub-soil 

sodicity (Kalaiselvi et al. 2020). Despite the criteria for 

sodic soils (ESP>15 %), the high clay of soils with the 

ESP of >5% is considered as chemical degradation of 

soils and critical for crop production (Kadu et al.  2003). 

Available nutrient status

Mineral composition of parent materials 

influences the nutrient constituents of the soils mainly, 

Fe, Al, P and Ca (Gray et al. 2016). Organic carbon (OC) 
-1 was low to medium ranging from 0.9 to 6.4 g kg in the 

pedons (Table 4). Despite the parent material influence 

the landuse, the organic carbon content did not show any 

specific difference between the parent materials. Though 

many studies have proven the effect of texture, clay 

content on soil organic carbon, in the present study such 

effects are non-evident as the area recorded with low 

SOC content which might be due to higher 

185Influence of Parent Material on Soil Characteristics
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decomposition rate of OM at tropical conditions (Nayak 

et al. 2002). Available phosphorus content varied from 

low to high range, wherein surface soils had high 

available phosphorus than sub-surface soils. The 

availability of phosphorus on surface soils might be 

attributed to fertilizer management whereas, in sub-

surface available phosphorus, the calcic-gneiss parent 

material had very low availability of phosphorus that 

might be due to phosphorus fixation at high calcium 

content as calcium phosphate at alkaline pH (Kalaiselvi 

et al. 2020). The parent materials influence the available 

P not only through fixation and mineralization, also by 

altering the texture of the soils (Renneson et al.  2010). 

The available K content was low to medium in all the 

soils except the soils of calcic-gneiss parent material 

wherein the available K content was high in pedon 3. 

Reduced availability of K in granulite parent material 

(P1 & P2), conversely high availability in P3 might be 

attributed to intense weathering of parent material, high 

leaching rate, topographic gradients and K rich smectitic 

clay minerals. The sulphur content was low to medium 
-1

(<10 and 10-20 mg kg ) in pedons 1 and 2. Pedon 3 

recorded significantly high available S in sub-surface 
-1

(>900 mg kg ), which might be due to the accumulation 

of the partial calcretes and partial gypsic (CaSO ) 4

nodules. This was in concordance with black cotton soils 

of Tamil Nadu (GSI 2006). Boron and Zinc were found 

to be low in the study area irrespective of the parent 

materials. Availability of iron was high in pedons 1 and 

2, as these soils were developed  from ferromagnesium 

rich parent materials like granite-gneiss and charnockite.

Soil taxonomy

Based on morphological, physical and physico-

chemical properties, the typifying pedons of each parent 

material were classified according to Soil Taxonomy 

(Soil Survey Staff 2003). The soils of granite gneiss and 

charnockite were classified into Alfisols due to >35 per 

cent base saturation and presence of clay cutans 

(illuviation) whereby indicating the argilluviation 

pedogenesis. Pedon 1 had more stabilization than Pedon 

2 by having 20 per cent or more clay increase with depth 

and redder than 7.5YR hue and classified as Typic 

Paleustalfs, whereas, the pedon 2 was classified as Typic 

Haplustalfs as did have other Ustalfs. Sub-soils of Pedon 

3 on calc-gneiss parent material was noticed with 

slickensides close enough to intersect in upper 100 cm of 

mineral soils, >30 per cent weighted average clay 

content and intersection of cracks, hence it is classified 

under Vertisols at order level and further as Usterts at 

sub-order level due to ustic soil moisture regime and 

Typic Haplusterts at sub-group level as it does not show 

any intergradation or extragradation. Pedon 4 was 

classified under Inceptisols order due to presence of 

cambic horizon owing to alteration in colour, texture, 

structure and does not qualify for any other diagnostic 

horizons and brought under subgroup of Typic 

Haplustepts. While taxonomic classification of soils, 

mineralogy classes are added for each soil as it could aid 

in predicting soil behaviour. In such way, the pedon 3 has 

smectitic mineralogy due to the predominance of swell-

shrink clay, whereas others have mixed mineralogy. 

Conclusion

The present study manifested that the soils 

developed from different parent material possessed the 

signature of their parent material. The soils of granite-

gneiss and charnockite had low nutrient retention, water 

holding capacity and acidic pH, while the soils of calcic-

gneiss parent material had higher in nutrient content, 

water retention capacity with alkaline pH and increased 

calc ium carbonate  content .  Based on the  

characterization, the soils are classified into Typic 

Paleustalfs, Typic Haplustalfs, Typic Haplusterts and 

Typic Haplustepts at sub-group level. The study proved 

the influence of parent material in controlling the 

pedogeneic processes of soils. The detailed 

characterization and scientific evaluation for crop 

suitability will undoubtedly help in taking effective 

measures such as nutrient management, suitable crop 

cultivation and sustainable land management.

References

Anda, M., Shamshuddin, J., Fauziah, C.I. and Syed 

Omar, S.R. (2008). Mineralogy and factors 

188 B. Kalaiselvi et al.



controlling charge development of three oxisols 

developed from different parent materials. 

Geoderma 143, 53-167.
Bhattacharyya, T., Pal, D.K. and Deshpande, S.B. 

(1997). On kaolinitic and mixed mineralogy 

classes of shrink-swell soils. Ausralian Journal 

of  Soil Research 35, 1245-52.
Bray, R.H. and Kurtz, L.T. (1945). Determination of 

total, organic, and available forms of 

phosphorus in soils. Soil Science 59, 39-45. 
Chandran, P., Ray, S.K., Bhattacharyya, T., Tiwary, P., 

Sarkar, D., Pal, D.K., Mandal, C., Nimkar, 

A.M., Raja, P., Maurya, U.K., Anantwar, S.G., 

Karthikeyan, K. and Dongare, V.T. (2013). 

Calcareousness and subsoil sodicity in 

ferruginous Alfisols of southern India: an 

evidence of climate shift. Clay Research 32, 

114–126.
Gaikwad, S.S., Jagdish Prasad, Ray, S.K. and Rajeev 

Srivastava. (2020). Characteristics, mineralogy 

and spectral properties of some typical Vertisols 

of Vidarbha, Maharashtra, India. Journal of the 

Indian Society of Soil Science 68, 367-384. 
GSI (Geological Survey of India). (2006). Geology and 

mineral resources of the states of India. Part-IV: 

Tamil Nadu and Pondicherry. Miscellaneous 

publication, 30.
Gray, J.M., Bishop, T.F.A. and Wilford, J.R. (2016). 

Lithology and soil relationships for soil 

modelling and mapping. Catena 147, 429–440.
IUSS Working Group WRB. (2006). World Reference 

Base for Soil Resources 2006. Food and 

Agricultural Organization, Rome. World Soil 

Resources Reports.
Jackson, M.L. (1973). 'Soil Chemical Analysis'. Prentice 

Hall of India Pvt. Ltd., New Delhi.
Jenny, H. (1941). Factors of Soil Formation: A System of 

Quantitative Pedology. McGraw- Hill, New 

York.
Kadao, S.H., Prasad, J. and Gajbhiye, K.S. (2003). 

Characterization and classification of some 

typical banana growing soils of Warda district of 

Maharashtra. Agropedology 13, 28-34.

Kadu, P.R., Vaidya, P.H., Balpande, S.S., Satyavathi, 

P.L.A. and Pal, D.K. (2003). Use of hydraulic 

conductivity to evaluate the suitability of 

Vertisols for deep rooted crops in semi-arid parts 

of Central India. Soil Use and Management 19, 

208-216.
Kalaiselvi, B., Lalitha, M., Dharumarajan, S., Anil 

Kumar, K. S., Srinivasan, R., Rajendra Hegde, 

Niranjana, K.V. and Chandran, P. (2020). 

Evidence of sub-soil sodicity in Tamil Nadu 

uplands and their characterization. Journal of 

Soil Salinity and Water Quality 12, 155-162. 
Khanday, M., Ram, D., Wani, J.A., Raina, S.K. and Ali, T. 

(2017). Characterization, classification and 

evaluation of soils of Namblan sub-catchment of 

Jhelum basin in Srinagar district for their rational 

use. Journal of the Indian Society of Soil Science 

65, 16-23.
Likhar Chetna, K. and Jagdish Prasad. (2011). 

Characteristics and classification of orange-

growing soils developed from different parent 

materials in Nagpur district, Maharashtra. 

Journal of the Indian Society of Soil Science 59, 

209-217.
Lindsay, W.L. and Norvell, W.A. (1978). Development of 

a DTPA soil test for zinc, iron, manganese and 

copper. Soil Science Society of America Journal 

42, 421–428.
Mishra, A. (1987). Land suitability classification for sisal 

(Agave sisalana). MSc Thesis. Department of 

Soil Science and Agricultural Chemistry, OUAT, 

Bhubaneswar. 
Nayak, D.C., Sarkar, D. and Das, K. (2002). Forms and 

distribution of pedogenic iron, aluminum and 

manganese in some Benchmark soils of West 

Bengal. Journal of the Indian Society of Soil 

Science 50, 89-93.
Olsen, S.R., Cole, C.V., Watanabe, F.S. and Dean, L.A. 

(1954) Estimation of available phosphorus in 

soils by extraction with sodium bicarbonate. 

Circular of United States Department of 

Agriculture. pp. 939.
Piper, C.S. (1966). 'Soil Plant Analysis'. The University 

of Adelaide, Australia.

189Influence of Parent Material on Soil Characteristics



Renneson, M., Dufey, J., Bock, L. and Colinet, G. 

(2010). Effects of parent material and land use 

on soil phosphorus forms in Southern Belgium. 
th

19  World Congress of Soil Science, Soil 

Solutions for a Changing World 1 – 6 August 

2010, Brisbane, Australia.
Richards, L.A. (1954). Diagnosis and improvement of 

saline and alkali soils. USDA, Hand Book No 

60, 101.
Sathish, S., Naidu, M.V.S., Ramana, K.V., Munaswamy, 

V., Prabhakara Reddy, G. and Sudhakar, P. 

(2018). Characterization and classification of 

the soils of Brahmanakotkur watershed in 

Kurnool district of Andhra Pradesh. Journal of 

the Indian Society of Soil Science 66, 351-361.
Satish Kumar, Y.S. and Naidu, M.V.S. (2012). 

Characteristics and classification of soils 

representing major landforms in Vadamalapeta 

mandal of Chittoor district, Andhra Pradesh. 

Journal of the Indian Society of Soil Science 60, 

63-67. 
Sierra, M., Martínez, F.J., Sierra, C. and Aguilar, J. 

(2009). Correlations between pedological 

parameters in relation to lithology and soil type 

in Almería (SE Spain). Journal of Arid 

Environment 73, 493–498.
Soil Survey Staff (2003). Keys to Soil Taxonomy. 

th9 Edition, United States Department of 

Agriculture, Natural Resources Conservation 

services. Washington, D.C.
Surekha, K., Subbarao, I.V., Prasad Rao, A. and 

Sankaram, M.V. (1997). Characterization of 

some Vertisols of Andhra Pradesh. Journal of the 

Indian Society of Soil Science 45, 338-343.
Wakode Roshan R., Jagdish Prasad, Chandran, P., Ray, 

S.K., Bhattacharyya, T. and Patil, N.G. (2017). 

Mineralogy of soils along toposequence in 

Raipur district of Chhattisgarh.  Agropedology 

27, 167-176.
Walkley, A. and Black, I.A. (1934). An examination of 

the Degtjareff method for determining organic 

carbon in soils: Effect of variations in digestion 

conditions and of inorganic soil constituents. 

Soil Science 63, 251-263.
Wilson, M.J. (2019). The importance of parent material 

in soil classification: A review in a historical 

context. Catena 182, 104131.

Received: July, 2022                Accepted: November, 2022

190 B. Kalaiselvi et al.




