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ABSTRACT

An incubation study was conducted to investigate the effect of lime (CaCO3)on the acidity components in
Upper Brahmaputra Valley Zone (UBVZ) of Assam. Fourteen(14) geo-referenced soil samples were collected
from Sibsagar and Jorhat districts of Assam. Soils were treated with 3 different doses of lime viz. 10 per cent
Lime Requirement (LR10), 25 per cent Lime Requirement (LR25) and 50 per cent of Lime Requirement
(LR50) and initial properties were recorded before liming. Samples were incubated in laboratory at different
period of time viz. 15, 30, 60 and 90 days after liming (DAL) with moisture content at Field Capacity (0.33
bar). At four different intervals, soils were analysed for soil acidity components viz. total acidity, exchange
acidity, exchangeable Al3+ and exchangeable H+. The soil of Upper Brahmaputra Valley Zone (UBVZ) of
Assam were highly acidic to moderately acidic, sandy loam to silt loam in texture with high OC content
ranged from 0.72 to 2.59%. The Cation Exchange Capacity (CEC) value ranged from 7.8 to 14.2 cmol (p+)/
kg. Application of lime brought about mark decreased in acidity components viz. total acidity, exchange
acidity, exchangeable aluminium and exchangeable hydrogen. Soil acidity components recorded highest
decreased at 90 DAL @ LR50 and decreased started from 15 days onwards. The findings of the investigation
showed that liming @ LR10 was found effective in reducing soil acidity. The residual effect of lime was
found persisting till 90 days. However, the magnitude of lime was increasing with increase in application
of lime@ from LR10 to LR25 and to LR50.
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Introduction

Soil acidity is a major constraint for crop production
in temperate and tropical region of the world. It has
been identified as an important agricultural prob-
lem for enhancing production potential of crops
(Mansingh et al., 2018). Considering the different
factors causing acidities, Al toxicity is the major con-
straint for crop production on 67 per cent of the to-
tal acid area (Eswaran et al., 1997). Soil acidity is
partitioned into exchangeable (chiefly monomeric

Al3+) and non-exchangeable (pH-dependent) acidity.
The lime requirements and production potential of
soil is determined by the production of exchangeable
and pH dependent acidity (Kumar et al., 1995). Man-
agement of such type of soils for agriculture is the
national priority (Bhattacharyya et al., 2015).

In India, approximately 1/3rd of the arable land is
affected by soil acidity (Mandal, 1997). North-east-
ern regions of India occupies the majority of the area
under acid soils with nearly 65 per cent of the lands
are in extreme forms of soil acidity with pH of <5.5
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(Sharma and Singh, 2002). Around 15 mha of NE
region is acidic (pH 4.0-6.3) and acid soil with pH
below 5.5 occupy 54 per cent of the total area of
country (Bhatt et al., 2014). Assam is an agricultur-
ally important state where 90 per cent of the produc-
tion depends on agriculture for their socio-economic
development and livelihood (Upadhai and Nayak,
2017). Assam occupies a landmass of 78,523 sq. km
of which 19 per cent area is hilly. The Brahmaputra
valley of Assam constitutes more than 50 per cent of
the geographical area of Assam and covers an area
of 56,000sq.km. The pH status of the soils of Assam
ranged from extremely acidic to strongly acidic.

 Soil acidity plays a major role in determining the
plant nutrient availability. Liming is the most com-
mon ameliorative measures used for neutralizing
soil acidity and overcoming soil acidity constraints.
Liming acid soils increases use efficiency of phos-
phorus and other micronutrients by upland plants
(Fageria and Baligar, 2008). Liming improves the
chemical, physical and biological properties of soils
through its direct and indirect effects on biological
N-fixation and mineralization of N, P and S in soil
(Haynes and Naidu, 1998; Bolan et al., 1999a) plant
nutrient mobilization and thereby improvement in
soil structure and its hydraulic conductivity.

The present research is aimed at reducing the
quantity of lime application in soils where the quan-
tity of lime required to increase the pH of the soil to
6.5 is considered as 100 per cent of Lime Require-
ment (LR). The present laboratory incubation study
was undertaken for evaluating the changes in forms
of acidity in acid soils of Upper Brahmaputra Valley
Zone (UBVZ) of Assam with lime after treating the
soils with different doses of lime viz. 10, 25 and 50
per cent of LR of the respective soils.

Materials and Methods

Study Area: The present study was carried out in
Upper Brahmaputra Valley Zone of Assam. It has
geographical area of 22,400 sq. km which is 20.40
per cent of the total area of Assam. It is located be-
tween latitude of 25º13’24"N and longitude of
89º41’41"E.
Soil Sampling: The experiment was carried out in
UBVZ of Assam using samples collected from the
surface soils (0-15 cm) depth. 14 geo-referenced soil
samples from Sibsagar and Jorhat districts of Assam
were collected and air dried, crushed, homogenized
and passed through 2 mm sieve and stored in

polythene bags for physical and chemical analysis.
Soil Analysis: The initial soil samples were
analysed as per the standard methods for soil tex-
ture, pH, EC, OC, CEC, moisture content, and Lime
Requirement. Available N, P and K were deter-
mined by alkaline KMnO4 (Subhiha and Asija, 1956),
Bray’s I method (Brays and Kurtz, 1945) and Neu-
tral normal NH4OAc (Jackson, 1973) respectively.

Soil acidity components were characterized as
follows: total acidity was determined by 1N NaOAc
solution. The exchange acidity and exchangeable Al
were extracted by 1N KCl solution and determined
by titration of 0.1N NaOH using phenolphthalein as
indictor and by back titration after acidification with
40g/l NaF with 0.1N HCl solution respectively. Ex-
changeable H+ was determined by substracting ex-
changeable Al from exchangeable acidity i.e., Ex-
changeable H+ = Exchangeable acidity - Exchange-
able Al
Incubation Study: An incubation study was con-
ducted with 14 surface soil (0-15cm) samples with
three different doses of lime @10 per cent LR(LR10),
25 per cent of LR(LR25) and 50 per cent of LR(LR50)
applied as pure CaCO3 on 70g of air dried soil taking
duplicates samples and maintaining moisture con-
tent at F.C (0.3 bar) throughout the process in
polythene bag to monitor the dynamics of the soils
after 15, 30, 60 and 90 days after application of lime
(DAL). After the completion of each incubation pe-
riod the different forms of acidity of the soils were
determined following the procedures mentioned
above. Factorial CRD was undertaken to evaluate
the significance effects.
Statistical Analysis: Factorial CRD was undertaken
to evaluate the effect of days after liming (DAL) and
different doses of lime requirement (LR). Statistical
analysis of the experimental data was done in
CoStat Professional, Version 6.311.

Results

Initial soil physico-chemical properties

In the present findings, the texture of the soils of
UVBZ of Assam was found to vary from loamy sand
(LS) to silty clay loam (SCL). The pH status of the
soils was extremely acidic to moderately acidic (4.27
to 5.34 pH) as shown in Table 1. The electrical con-
ductivity (EC) of the soils varied from 0.49 to 2.01
dSm-1.  The organic carbon content of the soil ranged
from 0.72 to 2.59 per cent.
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The CEC of the soil ranged from 7.80 to 14.20
cmol(p+)kg-1. Soil moisture at field capacity (0.3 bar)
of the soil varied from 16.08 to 32.79 per cent (Table
1). Magnitude of Lime Requirement of the soil of
UVBZ of Assam ranged between 0.56 to 11.42 tha-1.
Available nitrogen content of the soil ranged from
low (100.80 kgha-1) to medium (260.22 kgha-1). Avail-
able phosphorus (P2O5) content of the soils was low
(20.91 kgha-1). Exchangeable potassium (K2O) con-
tent of the soils varied from 40.86 kgha-1 to 90.01
kgha-1 as showed in Table 1. The results on forms of
total acidity, exchange acidity, exchangeable Al and
exchangeable hydrogen content were 2.41
cmol(p+)kg-1, 1.86 cmol(p+) kg-1, 1.05 cmol(p+)kg-

1and 0.82 cmol (p+)kg-1, respectively (Table 1).

The findings of laboratory Incubation study to
determine the effect of different doses of LR and
the days after liming (DAL) on acidity components

The results of the laboratory experiment conducted
to determine effect of three different doses of lime
viz., 10(LR10), 25 (LR25) and 50 (LR50) percent of LR
applied as pure CaCO3 on dynamics of components
of soil acidity at 15, 30, 60 and 90 days after liming
(DAL) in acid soils of UBVZ of Assam are presented
in Table 2 and Fig. 1 to 4.

Total Acidity

The initial mean total acidity 2.41 cmol(p+)kg-1 of the
soils of UBVZ of Assam was reduced by about 40
per cent at 15 DAL. The results also indicated that
total acidity of the soils remain more or less constant
with increase in DAL viz., at 15, 30, 60 and 90 DAL
in respect of the soils where lime was applied @

LR10, LR25 and LR50, respectively (Table 2 and Fig.
1). When soils are treated with LR10 the total acid-
ity varied from  1.41 cmol(p+)kg-1at 15 DAL to 1.02
cmol(p+)kg-1at 90 DAL, respectively. With applica-
tion of lime @ LR25 it varied from 0.72 cmol(p+)kg-

1at 15 DAL to 0.75 cmol(p+)kg-1at 90 DAL. At with
the highest quantity of application of lime i.e. liming
@ LR50 the total acidity of the soils were found to be
0.77 cmol(p+) kg-1at 15 DAL and 0.63 cmol(p+)kg-1at
90 DAL.

Exchange Acidity

It is evident from Fig. 2 that there was a progressive
decrease of the initial exchange acidity (1.87
cmol(p+)kg-1) from 0 to 30 DAL in all doses of appli-
cation of lime. Then, from 60 to 90 DAL the magni-
tudes of exchange acidity of the soils became more
or less flattened in respective doses of application of
lime, i.e. LR10, LR25 and LR50 (Fig. 2). Within the
whole incubation period i.e. 15, 30, 60 and 90 DAL

Table 1. Physico-chemical characteristics of the soils of UBVZ of Assam

Soil characteristics Mean Range

Soil texture - Loamy sand to silty clay loam
pH 4.96 4.27 - 5.34
EC (dSm-1) 0.97 0.49 - 2.01
Organic carbon (%) 1.61 0.72 - 2.59
CEC (cmol (p+) kg-1) 10.99 7.80 - 14.20
Moisture Content (%) 21.79 16.08 - 32.79
Lime requirement (tha-1) 7.52 0.56 - 11.52
Available N (kgha-1) 189.22 100.80-260.22
Available P2O5(kgha-1) 20.91 12.73-29.80
Available K2O (kgha-1) 76.50 40.86-90.01
Total Acidity (cmol (p+) kg-1) 2.41 1.38 – 3.75
Exchange Acidity (cmol (p+) kg-1) 1.86 0.88-2.63
Exchangeable Al3+(cmo l(p+) kg-1) 1.05 0.63-1.50
Exchangeable H+ (cmol (p+) kg-1) 0.82 0.10-1.50

Fig. 1. Mean total acidity of the soils at different doses of
LR and at different days after liming (DAL)
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reduction of initial exchange acidity was the
highest with liming @ LR50, intermediate
with LR25 and lowest with liming @ LR10
(Fig. 2). The magnitude of exchange acidity of
the soils treated with lime @ 10, 25 and 50
percent of LR was 1.18, 0.97 and 0.58
cmol(p+)kg-1, respectively at 15 DAL and 0.52,
0.44 and 0.40 cmol(p+)kg-1, respectively at 90
DAL (Table 2).

Exchangeable Aluminium (Ex. Al3+)

The exchangeable aluminium (Al3+) content
of soils (1.05 cmol(p+)kg-1) of the Upper
Brahmaputra Valley Zone of Assam before
liming was found to be reduced sharply to
lower than half (0.55 to 0.25 cmol(p+)kg-1)
with liming @ LR10 to LR50 at 15 DAL (Table
2 and Fig. 3). After that exchangeable Al3+

content of the soils were found to be reduced
with very small magnitudes from 30 DAL
and reached its lowest value at 90 DAL (Fig.
3). The decrease in exchangeable Al3+content
of the soils with increase in quantity of liming
@ LR 10, LR25 and LR50 was very prominent
at 15, 30, 60 and 90 DAL. The exchangeable
Al3+ content of the soils were 0.55, 0.45 and
0.25 cmol(p+)kg-1at 15 DAL, 0.53, 0.46 and
0.32 at 30 DAL, 0.51, 0.45 and 0.38 at 60 DAL
and 0.43, 0.32 and 0.30 cmol(p+)kg-1at 90 DAL
with application of lime @ LR10, LR25 and
LR50, respectively (Table 2).

Exchangeable Hydrogen (Ex. H+)

The effect of different doses of lime on ex-
changeable hydrogen (H+) content of the soils
of UBVZ of Assam was most prominent at 15
DAL (Fig. 4). At 15 DAL, the exchangeable H+

content of the soils with lime treatment @
LR10, LR25 and LR50 were 0.63, 0.53 and 0.32
cmol(p+)kg-1, respectively. Hence, the ex-
changeable H+ content of the soils reduce to
half with LR50 than the soils with LR10. It
was also prominent from the data that the
initial exchangeable H+ content of the soils
decreased almost linearly and steeply till 30
DAL. Then the magnitude of decreased al-
most become same irrespective of quantity of
application of lime @ 10, 25 and 50 per cent of
LR at 60 and 90 DAL (Fig. 4). The exchange-
able H+ content of the soils at 60 and 90 DAL
became about 0.10 cmol(p+)kg-1 irrespective ofT
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Fig.  2. Mean exchange acidity of the soils at different
doses of LR and at different days after liming
(DAL)

Fig. 3. Mean exchangeable aluminium of the soils at dif-
ferent doses of LR and at different days after lim-
ing (DAL)

Fig. 4. Mean exchangeable hydrogen of the soils at differ-
ent doses of LR and at different days after liming
(DAL)

Discussion

Incubation study to determine the dynamics of
different doses of LR and the days after liming
(DAL) on Total acidity

The initial mean total acidity of the soil was 2.41
cmol(p+)kg-1which was reduced by about 40 per cent
at 15 DAL (Fig. 1). When soils were treated with
LR10, the total acidity varied from 1.41 cmol(p+)kg-

1at 15 DAL to 1.02 cmol(p+)kg-1at 90 DAL, respec-
tively. With the highest quantity of application of
lime @ LR50, the total acidity of the soil were found
to be 0.77 cmol(p+)kg-1at 15 DAL and 0.63
cmol(p+)kg-1at 90 DAL (Table 2). The decrease of ini-
tial total acidity with liming might be resulted due
to neutralization of hydroxyl Fe and Al polymers in
the soils (Mcleanet al., 1964). Thakuriaet al. (2001)
also observed that initial total acidity of soils de-
creased 39.17 to 49.55 per cent 90 days after liming.

Incubation study to determine the dynamics of
different doses of LR and the days after liming
(DAL) on exchange acidity

Initial exchange acidity 1.87 cmol(p+)kg-1decreased
progressively from 0 to 30 DAL in all doses of appli-
cation of lime. Then, from 60 to 90 DAL, the magni-
tude of exchange acidity become more or less flat-
tered in respect of doses of lime @ LR10 , LR 25 and
LR50 (Fig. 2). Within the whole incubation period,
reduction in initial exchange acidity was highest
with LR50, intermediate LR25 and lowest LR10. This
might be attributed to suppression in the activity of
Al3+ and H+ by calcium (Dixit and Sharma, 1993).

Incubation study to determine the dynamics of
different doses of LR and the days after liming
(DAL) on exchangeable aluminium (Exch. Al3+)

The exchangeable aluminium content of the soils
(1.05 cmol(p+)kg-1) before liming was reduce sharply
to lower than half (0.55 to 0.25 cmol(p+)kg-1) with
liming @ LR10 to LR50 at 15 DAL (Fig. 3). After that
exchangeable aluminium content of the soils were
found to be reduced with very small magnitude
from 30 DAL and reached its lowest value at 90
DAL. The decreased in exchangeable Al3+ content of
the soils with liming @ LR10, LR25 and LR50 was
very prominent at 15, 30, 60 and 90 DAL. The reduc-
tion of exch. Al3+ on application of lime might be at-
tributed to precipitation of trivalent Al3+ on Al(OH)3
in the presence of high concentration of OH- ion
(Makaya and Bishnoi, 1990).

dose of LR. The magnitude of exchangeable H+ at 60
to 90 DAL becomes about eight time lower than its
content before application of lime (0.82 cmol(p+)kg-

1).
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Incubation study to determine the dynamics of
different doses of LR and the days after liming
(DAL) on exchangeable hydrogen (Exch. H+)

The effect of different doses of lime on exchange-
able H+ content of the soil of UBVZ of Assam was
most prominent at 15 DAL (Fig. 4). It showed de-
clining trend from its initial value of 0.82 cmol(p+)kg-

1to 0.63 (LR10), 0.53 (LR25) and 0.32 (LR50) cmol(p+)
kg-1 after 15 DAL. The declining pattern in ex-
changeable H+ was continued till 90 DAL. The high-
est decline was recorded with application of lime@
LR50. Badole et al. (2015) also reported reduction of
electro statistically bound hydrogen on application
of lime.

Conclusion

The findings of the present laboratory incubation
study leads to the conclusion that in soils of UBVZ
of Assam having wide range of soil physical and
chemical characteristics and values of soil acidity
components, the application of lime as low as 10
percent of LR (LR10) was found effective in reduc-
ing the soil acidity viz., total acidity, exchange acid-
ity, exchangeable aluminium and exchangeable hy-
drogen. The residual effect of lime was found to per-
sist till 90 days after the liming. However, magni-
tude of this effect was increasing with increase in
application of lime@ from LR10 to LR25 and to
LR50.
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