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ABSTRACT

Acid soils are mixtures of permanent and variable charge surfaces and generally have low reserve of

nutrients, high P adsorption capacity, very low cation exchange capacity and high zero point of charge (ZPC).

Such properties may lead to serious fertility problems at certain pH conditions, which is aggravated by soil

manipulation. To assess the effect of land use on the charge character, surface soils of barren, cultivated, forest

and tea garden were examined for their charge properties. Soils under all the land uses were acidic in reaction

and low in cation exchange capacity. All soils studied under natural soil pH carried a net negative charge,

which can however be increased by increasing pH. The mean  pH values for barren, cultivated, forest and tea

soils were –1.33, -1.38, -1.18 and –1.08 respectively. The surface potential of barren and cultivated soils were

0higher than forest or tea soils and were pedogenically more advanced. The variation in pH  was between 4.35

to 5.50 for barren land, 3.96 to 4.10 for cultivated soils, 4.15 to 5.05 for forest soils and 3.95 to 4.40 for tea

soils. Barren and forest soils had higher ZPC values than cultivated or tea soils because of specifically

adsorbed phosphate. ZPC was negatively correlated to the clay content but not to the organic matter content.

Increase in negative charge vis-à-vis cation exchange capacity and soil fertility can best be achieved by

applying lime as per lime requirement to these soils.
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Introduction

Generally two categories of colloid surfaces are encountered in soil viz. those with constant surface charge

(variable surface potential), and those with constant surface potential (pH dependant surface charge). The

charges on the surface of soil particles arise from defects in the interior of the particles or from adsorption

of potential determining ions. When the charge arises from internal defects, the charge is permanent and

constant, and increase in solution ionic strength causes decrease in the surface potential (Van Olphen, 1963).

When the net surface charge develops from adsorption of potential determining ions (PDI), the sign of the

charge can be negative, zero or positive and the magnitude can vary from zero to several times that of

0permanent charged surface. Gillman and Uehera (1980) introduced a term pH , the pH, where the variable net

surface charge resulting from the adsorption of PDI, H  and OH  is zero. At this pH, the adsorption of H  and+ - +

OH  are equal and is the point of intersection of potentiometric titration curves at different electrolytic-

concentration. The zero point of net charge being the pH where the total net surface charge of mixed system

is zero or where the adsorption of cations from an indifferent electrolyte equals that of anions. Acid soils
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consist of mixture of permanent and variable charge minerals. Gillman and Uehera (1980) used Guoy-Chapman

theory to describe surface character of a soil composed of permanent and variable charge minerals. The total

t(net) surface charge density (ó ) of the mixed system is: 

t  p   vó  = ó  + ó     ………………………………………(i)  

p vwhere, ó  is permanent charge density, a constant and ó  is the variable surface charge density related to

surface potential through Guay-Chapman equation

v 0ó  = ( 2CåKT/Ð) Sin hZe/2KT.Ø …………………(ii)1/2

where, C is the concentration of electrolyte solution having dielectric constant å; Z, the valency of counter

0ion; e, the charge of an electron; K, the Boltzman constant; T, the absolute temperature and Ø  the surface

potential.

0For constant potential surface if the potential determining ions are H  and OH , Ø  may be releted to H+ - +

by Nernst type equation:

0 0Ø  = KT/Ze ln H / H  ……………………………   (iii)+ +

0 0where, H is the hydrogen ion activity when Ø  = 0 + 

In absence of specific ion absorption equation (ii) and (iii) may be combined to give at 20 C, 0

v =  0ó ( 2CåKT/Ð) Sin h 1.15(pH -pH) (Uehera and Gillman, 1980).1/2

0This equation shows that the sign of the net charge is determined by the solution pH relative to pH , its

0magnitude by the difference between pH and pH  and by the composition and concentration of the contacting

0electrolyte solution. ZPC or pH  is found to vary in soils under different conditions. Under natural and

ofavourable conditions, soil pH gradually moves towards pH  for attaining stability through equilibrium.

However differences in land use imply differences in plant species, soil tillage, drainage, use of organic and

inorganic manures / fertilizers and amendments, which in the long term effect soil properties and hence ZPC.

Soils in the humid tropics (Oxisols, Ultisols, Andisols and acid Alfisols) cover nearly 22% of the earth’s

surface. These soils are dominated by minerals and amorphous colloids possessing amphoteric surfaces. This

poses far-reaching implications for soil management in agriculture and retention of ionic soil contaminants

(Appel et al., 2003). There is no information on the effect of land use on the surface charge character of

humid sub-tropical soils of eastern India. Hence the present study was undertaken to determine the surface

charge character of these soils so that suitable management practices may be adopted to achieve a possible net

charge improvement and thereby increase the cation retention capacity of the soils.

Materials and methods

Sixteen composite surface soils (0-15cm) from fallow (B1 to B4), cultivated (C1 to C4), forest (F1 to F4)

and tea garden (T1 to T4), representing dominant land use of humid sub-tropical region of eastern India was

collected for the present study. pH was measured in water and KCl using 1:2.5 soil: solution ratio. Texture

was estimated by the hydrometer method and organic carbon by wet digestion using chromic acid. The cation

4exchange capacity (CEC) was measured by the ammonium saturation method using 1N  NH OAc . Free iron

and aluminium oxides were extracted using citrate-bicarbonate-dithionite extractant. Iron in the extract was

determined colorimetrically using orthophenanthrolein and aluminium by aluminon reagent (Page et al., 1982).

ZPC of the soil was determined by the method developed by Gillman and Uehera (1980). Soil was made

homoionic with respect to sodium. A given amount of Na-saturated soil, taken in different lots, was treated

with 0.002 M  NaCl solution and its pH was adjusted so as to cover the ZPC value. Following four days of

equilibration, the pH of the suspensions was measured first in 0.002 M  NaCl and then in 0.05M  NaCl. The

0.05M   0 .002M 0.002MZPC was estimated from the plot of ÄpH value (Ä pH – pH ) against pH . The  pH values was

KC l  W . calculated as the difference between pH and pH The surface potential has been calculated by simplifying

0 0 0 0Nernst type relation using pH  and pH (Gast, 1977) at 25 C as Ø = 59(pH -pH), where, Ø  is the surface0

potential in mV.

Restult and discussion

Soil properties



675Am.-Eurasian J. Sustain. Agric., 3(4): 673-677, 2009

Relevant physicochemical properties of soils under different land uses are presented in table 1. All soils

were acidic in reaction and the pH in barren, cultivated, forest and tea soils varied between 5.30 to 6.72 (mean

6.01), 4.93 to 5.75 (mean 5.24), 4.84 to 5.43 (mean 5.07) and 4.57 to 4.96 (mean 4.79) respectively. The

general acidic reaction of all soils is probably due to leaching of bases resulting from very high rainfall (>

2000 mm/annum). The average pH trend was barren > cultivated > forest > tea soils. Good drainage conditions

maintained in tea soils resulting in rapid leaching and enhancement of the weathering process giving rise to

high Al levels, thereby lowering the pH. Forest soils receive a continuous supply of organic matter, hence low

pH has been reported in soils under forest (Contractor and Badnur, 1996). Cultivated soils receiving a lot of

fertilizers had an intermediate pH and barren soils which neither receive organic matter or inorganic salt

addition exhibited the highest pH. The mean clay content varied from around 11 to 20 per cent, the lower

values being representative of barren and forest soil and the higher side of the range for cultivated and tea soil.

Organic carbon content varied from 0.46 to 1.39 (mean 1.00), 0.41 to 1.38 (mean 0.79), 1.30 to 2.04 (mean

1.65) and 0.69 to 1.40 (mean 1.11) percent in barren, cultivated, forest and tea soils, respectively. Highest

organic carbon content was observed in forest soil which may be due to the continuous recycling of forest

litter. Continuous tillage operations and turning over of soil results in organic matter depletion and hence

2 3lowest organic C was observed in cultivated soils. The free Al O  ranged between 0.10 to 0.37 (mean 0.18)

for barren soils, 0.08 to 0.33 (mean 0.18) for cultivated soils, 0.11 to 0.37 (mean 0.25) for forest soils and 0.16

2 3to 0.47 (mean 0.33) percent for tea soils. Free Fe O  varied from 0.33 to 0.46 (mean 0.38) for barren soils,

0.26 to 0.44 (mean 0.38) for cultivated soils, 0.17 to 0.50 (mean 0.37) for forest soils and 0.46 to 0.79 (mean

0.62) percent for tea soils.

Table 1: Physico-chemical properties of soil differing in land use

Land use Barren Cultivated Forest Tea plantation

------------------------------- ----------------------------- ------------------------------- ----------------------------------

M ean Range M ean Range M ean Range M ean Range

pH 6.01 5.30-6.72 5.24 4.93-5.75 5.07 4.84-5.43 4.79 4.57-4.96

Organic C (%) 1.00 0.46-1.48 0.79 0.41-1.38 1.65 1.30-2.04 1.11 0.69-1.40

CEC 

(Cmol (p+)  kg ) 5.78 4.68-8.19 3.88 3.30-4.45 6.33 3.28-9.99 6.84 3.60-8.55-1

Sand (%) 65.31 57.88-74.88 55.9 51.44-65.88 73.81 62.88-79.88 66.33 59.88-69.6

Silt (%) 22.75 15.0-28.0 23.24 16.0-27.0 14.75 11.0-22.0 17.5 13.0-20.0

Clay (%) 11.94 10.12-14.12 20.86 18.12-24.56 11.44 9.12-15.12 16.17 12.04-20.12

2 3 Al O (%) 0.18 0.10-0.37 0.18 0.08-0.33 0.25 0.11-0.37 0.33 0.16-0.47

2 3 Fe O (%) 0.38 0.33-0.46 0.38 0.26-0.44 0.37 0.17-0.50 0.62 0.46-0.79

The CEC ranged from 4.68 to 8.19 (mean 5.78), 3.3 to 4.45 (mean 3.88), 3.28 to 9.99 (mean 6.33) and

3.6 to 8.55 (mean 6.84) Cmol (p+) kg  soil in barren, cultivated, forest and tea soil respectively. Significant-1

positive correlation of cation exchange capacity with organic matter (r = 0.66**), Fe-oxides (r = 0.57*) and

Al-oxides (r = 0.58*) was observed. The results clearly indicate the importance of organic matter in these soils

affecting CEC. The CEC contribution by sesquioxides is pH dependent. Since in all soils under study, the

natural pH is more than ZPC, the sesquioxides would bear negative charge, which contributes to CEC; hence

a significantly positive correlation was obtained. Similar findings were reported by Prasad et al. (1987).

 

Variable charge character 

Soil consists of a mixture of permanent and variable charge surfaces. The pH, at which the net charge on

0  the variable charge surface will be zero is defined as zero point of charge or pH , which is an important

0 parameter in a variable charge system and is its intrinsic property. The zero point of charge or pH (Gillman

and Uehera, 1980) of all the soils were determined from their potentiometric titration curves and is presented

0in table 2. The variation in pH  was between 4.35 to 5.50 for barren land, 3.96 to 4.10 for cultivated soils,

4.15 to 5.05 for forest soils and 3.95 to 4.40 for tea soils with a mean of 4.80, 4.04, 4.50 and 4.10,

0respectively. Thus barren and forest soils had higher pH  values than cultivated or tea soils. This might be due

to the fact that both cultivated and tea soils receive heavy annual doses of phosphatic fertilizers. Phosphate

is known to adsorb specifically onto soil colloid by ligand exchange, which increases negative charge. Thus

a stronger H  concentration would be required to render the surface neutral, forcing thereby to lower the ZPC+

values. Datta et al. (2000) reported lowering in ZPC values of phosphate treated soils.

KC l WThe  pH values i.e. (pH – pH ) may be used to indicate whether or not the soil pH was below ZPC.

A negative  pH suggests that the soil pH is above ZPC leading to net negative charge (Sanchez, 1976). The

K C l WpH  of all soil samples were lower than pH  indicating that all soils studied under natural soil pH carried

a net negative charge (Table 2), which can however be increased by increasing pH (Gillman and Uehera,

1980). The mean  pH values for barren, cultivated, forest and tea soils were –1.33, -1.38, -1.18 and –1.08
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respectively.  pH was positively correlated to organic carbon content (r = 0.522*). Thus cultivated soils which

had lowest organic carbon content also had lowest  pH values. Hendershot and Lavkulich (1978) suggested

that as the age of soil increases  pH values decreases. Thus cultivated and barren soils with lower  pH values

were pedologically more developed than tea or forest soils.

Table 2: Charge characteristics of soils under different land use

KCl KCl 0Land use pH ÄpH pH -ZPC Ø  (mV)ZPC

Barren land

M ean 4.68 -1.33 4.80 - 0.14 - 69.9

Range 4.10 to 5.76 -1.62 to  – 0.96 4.35 to 5.50 - 0.55 to 0.26 - 93.22 to - 38.35

Cultivated land

M ean 3.86 -1.38 4.04 - 0.18 - 71.68

Range 3.74 to 4.16 -1.59 to   –1.13 3.96 to 4.10 - 0.30 to 0.11 - 100.3 to – 48.97

Forest land

M ean 3.89 -1.18 4.50 - 0.52 - 32.89

Range 3.70 to 4.48 -1.18 to – 0.95 4.15 to 5.05 - 0.57 to - 0.45 - 40.71 to – 22.72

Tea plantation

M ean 3.70 -1.08 4.10 - 0.42 - 40.70

Range 3.62 to 3.80 -1.27 to - 0.85 3.95 to 4.40 - 0.78 to - 0.27 - 59.00 to - 16.52

Under natural and favourable weather condition as in the present study, soil pH will gradually move

0 0towards pH  for attaining stability through equilibrium. A small difference between pH  and pH or a low

surface potential indicates a high stage of weathering. In the present study (Table 2) the surface potential

varied from –93.22 to –38.35 (mean -69.9) mV for barren land, -100.3 to –48.97 (mean –71.68) mV for

cultivated soil, -40.71 to –22.42 (mean –32.89) mV for forest soil and –59.0 to –16.52 (mean –40.7) mV for

tea soil. A comparison of the mean values suggest that forest and tea soils are less weathered than barren and

cultivated soils. Thus it can be seen that cultivated and barren soils are more weathered and pedologically more

developed than soils of the other two land uses under study. Similar results were obtained in soils of Entisols,

Inceptisols and Ultisols of Mizoram by Misra and Saithantuaanga, (2000). 

K C lHendershot and Lavkulich (1978) suggested that the age of the soil increases, as (pH  – ZPC) value

decreases. The pH values of soil in 1M  KCl is chosen since these pH values are expected to be an indication

of pH of the solution in close proximity to the particle surfaces and most of the exchangeable acidity is

KClbrought by 1M  KCl into the solution phase. The (pH  – ZPC) values were in general, found to be negative

suggesting that the soils were in advanced stages of pedogenic development. Datta et al. (2000) reported

similar results in some soils of West Bengal and Sikkim. 

ZPC was negatively correlated to clay content (r = -0.58*) i.e. to say as the clay content increases the

ZPC decreased (Fig. 1). This might be possibly due to the predominance of kaolinitic type of clay in these

soils, which have a ZPC of 2.5 to 3.5 (Appel et al., 2003) and could be responsible for lowering of ZPC

values observed here. Cultivated soils which had lowest mean organic carbon content (0.79%) also had lowest

mean ZPC values (4.04) whereas barren soils which had relatively higher organic carbon content (1.0%) also

showed high ZPC (4.8). Although organic carbon is reported to lower the ZPC (van Raij and Peech, 1972),

the effect is not always predominant as observed in the present study (Fig. 2). Appel et al. (2003) also reported

that Oxisols with higher organic carbon content (4.05%) compared to Ultisols soil (1.86%) had higher ZPC

(4.2) than Ultisols (3.7). The present findings are in concurrence with the results of Appel et al. (2003) and

may be probably because of the fact that organic matter in these soils is not highly decomposed and is in the

initial stages of humification under the influence of high rainfall.

Fig. 1: Relationship between clay content and ZPC.
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Fig. 2: Relationship between organic carbon and ZPC.

Conclusion

The present study generated information about the charge character of acid soils of humid eastern India

under different land use. Cultivated soils are pedogenically more advanced because of continued soil

manipulation with respect to other land uses, which are relatively undisturbed. Organic carbon, which is already

high in these soils, did not bear any relationship to charge character. However increase in negative charge vis-

à-vis cation exchange capacity and soil fertility can be achieved by adding organic matter or by increasing the

natural soil pH by liming. 
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