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Abstract

Soil acidity is one of the major yield limiting factors in rice crop production. The H* and AI** ions in the soil

must be neutralized by the release of OH™ ions on application of liming materials for the management of soil

acidity. Liming material is the substance, which can increase the soil pH by combining with H" ions in the

soil solution. Lime is the most widely used ameliorant for management of soil acidity. There are alternative

products, such as dolomite, rice husk ash, gypsum, phosphogypsum and calcium magnesium silicates having

high reactivity than lime in increasing the pH, supply of nutrients like Ca, Mg, Si etc., and have the potential to

reduce iron and aluminium toxicity and reduce methane emission. Fineness and chemical purity of the liming

material are the major factors affecting the ability of the material to neutralise soil pH. Method and timing of

application of liming material depend on the place of origin, nutrients and other elements associated with it,

and amount of neutralising power. Relative worth of the liming material also depends on the cost of the same.
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Introduction

Soil pH is the measurement of acidity or alkalinity
of the soil pH stands for potential of hydrogen and is
expressed as number from 0 to 14 and H* concentration
is expressed in g/l. The term was first proposed by
Sorensen, a Danish chemist in 1909, which gives the
measurement of the hydrogen (H") ion concentration
in soil water and is expressed as the negative common
logarithm of H' concentration in the soil. It is an
index of the activity of H" as it interacts with soil
components, nutrients in the soil solution and plants
growing in the soil. It is an important factor in the soil
influencing nutrient availability, microbial activity

and numerous soil chemical reactions and processes.
Soil acidity

When the concentration of H* ions in the soil

increases, the soil pH decreases and acidity increases.

When the soil pH is lower than a neutral pH, it is
said to be acidic. Because of the logarithmic scale,
a small decrease in soil pH value denotes a large
increase in acidity. The soil with pH of 4 is 10 times
more acidic than a soil with pH of 5, hundred times
more acidic than a soil with pH of 6 and thousand
times more acidic than a soil with pH of 7. The main
causes of soil acidity are acidic parent material, high
rainfall and leaching of basic cations, decomposition
of organic matter, application of acidic fertilizers and
removal of basic cations by crops. About 15 Mha of
rice soils in India are acidic with toxicity of Fe, Al,
Mn and deficiency of K, Ca, Mg, B, Si, and problem
of P fixation (Srinivasarao et al., 2017).

Soil acidity due to concentration of hydrogen (H) in
the soil solution is called active acidity (Getaneh and
Kidanemariam, 2021). Active acidity is determined by
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measuring pH of soil water suspension or extract from
soil during routine soil test. It is the concentration of
H" ions in the soil solution when measured in 1:2.5
soil to water ratio mixture. However, all H* ions are
not released immediately from the soil into solution.
Soil acidity due to the portion of the H" ions that
remains attached or adsorbed to negatively charged
exchange sites on clay and organic matter particles
is called exchangeable acidity or salt replaceable
acidity (Agegnehu et al., 2019). Exchangeable acidity
may be defined as the acidity due to hydrogen (H")
and aluminium (AI*") ions retained on the exchange
complex of the soil, i.e., adsorbed on the surface
of soil colloids and organic matter, which will
supplement the H" ions in soil solution when depleted
by neutralization. This acidity is also called reserve
acidity because H' can be released into solution,
as soil solution conditions change due to moisture
changes and concentrations of dissolved ions and
salts (Cihacek et al., 2021). Accurate estimation of
lime requirement of a soil is done by the measurement
of reserve acidity. Reserve acidity can be measured by
the addition of a dilute calcium chloride solution (0.01
M CaCl,) or a buffer to the water pH suspension. The
active acidity is in equilibrium with the exchangeable
acidity permitting the ready movement from one form
to another form and the aluminum and hydrogen that
are removed from the soil solution will be replenished
by the adsorbed aluminum and hydrogen ions on the
exchange sites. The reserve-to-active acidity ratio
refers to the soil’s buffer potential or the ability to soil
to resist pH change as an acid or base is added to the
soil. Soils having more cation exchange sites can hold
more H" ions and thus resist a decrease in pH. Once
these soils became acidic, these soils can also resist
the pH increase on lime application by releasing the
H" ions from the soil surfaces into the soil solution.
Buffering capacity of sandy soil, or its reserve acidity,
is much lower than that of a soil that contains more

R

clay, like silt loam. Soils with high CEC (20% 2:1
type clay and 6% OM) resist acidification better than
soils with low CEC (sandy loam with 2% OM and
10% kaolinite) and therefore, lime requirement of

clay loam will be higher than that of sandy loam with
same pH value (Weil and Brady, 2022). Soils with
high CEC will require more lime in order to increase
the pH to the desired level.

The acidity associated with non exchangeable
aluminum and hydrogen ions that are bound to soil
colloids by organic matter and silicate clay, which
remains in the soil after active and exchange acidity
has been neutralized is called residual acidity. The
potential acidity is the sum of exchangeable and non-
exchangeable acidity. The potential acidity and the

active acidity contribute to total acidity in the soil.

Effect of soil acidity on nutrient availability

According to Tandzi et al, (2018), acid soils
are characterized by the presence of toxic heavy
metal elements like iron, copper, manganese, zinc,
aluminum, lack of essential nutrients like phosphorus,
potassium, calcium, magnesium, sodium and low soil
pH which can generate excesses of aluminum, iron,
and manganese. Primary nutrients viz., nitrogen,
phosphorus and potassium have low availability at
strongly acidic pH values. Nitrogen uptake in the
NO, form is best at acidic pH, while NH," is absorbed
more efficiently at a neutral pH. Phosphorus becomes
insoluble aluminium or iron compounds at low pH.
Among the secondary nutrients, Ca and Mg are less
available in acid soils, while the SO, ion form of
sulfur is retained better by acidic soils. Availability
of all the micronutrients decreases as pH rises, except
for molybdenum (Mo). Zn, Cu and Mn availability
decreases 100-fold in concentration with every one unit
increase in pH (Miller, 2016). At high pH, Fe and other
micronutrients (except Mo) are rendered unavailable
since they are locked up as insoluble hydroxides and
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carbonates. Iron and aluminum availability increases
as soil acidity increases and aluminum become toxic
to plants at pH values less than 5. Al, Fe, and Mn
become more soluble and can be taken up by roots
and thus become toxic to plants at low pH. As pH
increases, their solubility decreases and precipitation
occur. Plants may suffer deficiencies as pH rises above
neutrality (Sparks, 2003). High Al and Fe oxides
and hydroxide in low soil pH are responsible for P
fixation, making it unavailable to plants Rastija et al.,
(2014) reported that liming with dolomite raised the
soil pH, affected soil chemical properties and resulted
in great increases of plant available phosphorus. They
also observed that potassium availability in the soil
was independent of liming. The nutrient availability
at different soil pH is given in the Figure 1.
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Figure 1: Nutrient availability for plant use at different soil pH
(Source: TNAU Agritech Portal)

Management of acidity

H* and AI** ions in the soil must be neutralized for
the management of acidity by the release of OH" ions
on application of liming materials. A liming material

is the substance which can increase the soil pH by

combining with H" ions in the soil solution. Acid
sulphate soils will be suitable for crop production
only by the addition of amendments to correct the
acidity. The chemical and physical properties of
acid sulfate soils can be improved by adding soil
ameliorants for increasing the pH value, increasing
nutrient availability, and improving water content
and soil permeability (Maftuah et al., 2023). Beena et
al., (2013) reported that for the amelioration of acid
sulphate soils, special management practices such as
liming and washing out of water, bunding, providing
subsurface drainage efc., must be undertaken.
Application of liming materials at the rate of 6.0
to 12.5 tha'! and leaching can reduce soil acidity to
a great extend in acid sulphate soils of Kuttanad
(Neenu et al., 2020). The most economical method of
ameliorating soil acidity is liming. Limestone is the
widely used ameliorant. However, there are alternative
products, such as dolomite, rice husk ash, gypsum,
phosphogypsum and silicates. Ananthanarayana and
Hanumantharaju, (1993) observed that CaO, Ca(OH),
and CaC0, reduced soil acidity at a rapid rate with
maximum rate of reaction during the first week,
while dolomite, and basic slag neutralize the soil
acidity after about two months’ time. Common liming
materials used for management of acidity and their
CaCO, equivalent are given in Table 1.

Table 1: Common liming material and their CaCO,

equivalent
Common name of | Chemical formula | % of CaCO,
liming material equivalent
Calcitic limestone CaCO, 100
Dolomitic limestone CaMg (CO,) 95-108
Burnt lime CaO 178
Hydrated lime Ca (OH), 134
Basic slag CaSiO, 70-90
Marl CaCO, 40-70
Wood ashes Ca0O, MgO, K0, 40-80
K (OH)

Source: (Weil and Brady, 2022. The Nature and Properties of

Soils)
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Limestone

Soil acidity can be corrected easily by adding liming
materials like calcitic limestone (CaCO,) having
neutralizing value of 100, and less frequently used
other liming materials like burned lime (CaO),
hydrated lime [Ca(OH),] with neutralizing value
of 179 and 136, respectively (Peters et al., 1996).
Lime which is made from calcium and carbonate
in its most pure form, on application to acidic soils,
increases availability of calcium (Mohammed et al.,
2021). According to Christenson et al., (1993) lime
applied to soil neutralizes acidity, supplies calcium
to the soil and increases the availability of nitrogen,
phosphorus, potassium, magnesium, sulfur, boron
and molybdenum. According to Fageria and Baligar
(2008), the most suitable method for lime application
is broadcasting as uniformly as possible and mixing
thoroughly through the soil profile. Lime, which is
usually broadcasted on the soil surface and mixed with soil

at the time of tillage, dissolves in water and hydrolyzes to
form OH- ions that can subsequently react with both H*

ions formed from hydrolysis of AI** and exchangeable AI**
(Thakuria et al., 2016). When liming materials such
as calcium carbonate is added to the soil, the calcium
replaces the H"and AI’* on the exchange sites and the
carbonates neutralize these H" and Al**. The action
of lime applied to soil to neutralize soil acidity and
increase crop yields by the improvement of chemical
attributes in the soil, is restricted to the topsoil (up to
0-20 cm) due to slow reaction in soil (Amaral et al.,
2004). Devi et al., (2017) has reported that application
of lime, dolomite or rice husk ash increased the soil
pH or reduced acidity along with improvement in soil
available P in very strongly acidic soils of Vaikom
Kari in Kuttanad region of Kerala. Tang (2004)
reported that liming cannot ameliorate subsoil acidity
because of the slow movement of lime down soil
profiles and deep placement of lime for amelioration
of subsoil acidity is not economically feasible. The
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lime requirement of a soil depends on the change in

the pH required, the buffering capacity of the soil
and the quality and degree of fineness of the liming

material.

Dolomite

Dolomite is a natural sedimentary rock derived
ameliorant and pure dolomite minerals contain 45.6%
MgCOs3 or 21.9% MgO and 54.3% CaCO, or 30.4%
CaO. (Farhati et al., 2023). Dolomitic limestone
made from rocks containing a mixture of Ca and
Mg carbonates is comparatively cheaper liming
material imported from the neighbouring states with
neutralizing value of 109. Application of dolomite to
soil can supply two essential nutrients calcium and
magnesium to the plants. According to Devi ef al.,
(2017) dolomite and lime application in very strongly
acidic soils of Vaikom Kari in Kuttanad region in two
splits, as basal and 30 days after sowing, improved
soil available Ca and Mg at both stages.

Dolomite application @ 2 t/ha along with steel slag
@ 2.5 t/ha could increase the weight of 1000 grains
in rice plants. (Farhati et al., 2023). Hartatik et al.,
2023 reported that improvement of acid sulfate soils
can be achieved by application of dolomite @ 4-6
tons ha! and micronutrients, to increase soil pH or
decrease the soil acidity to the optimum level needed
for plant growth. Shaaban et al., (2014) observed
that in a laboratory study with soil from rice paddy-
rapeseed rotation and from rice paddy-fallow-flooded
rotation, dolomite application not only counteracts
soil acidification but also has the potential to mitigate
N,O emissions in acidic soils. According to Shaaban
et al., (2016), dolomite application to the acidic soils
has the potential to enhance the CH, uptake at low
moisture levels and to decrease the emissions of CH,
at higher moisture levels and N fertilizer application.
Dolomite application increased soil pH and increased
rate of emission of CO, due to the priming microbial
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decomposition of native organic matter resulting

in greater availability of organic C and mineral N
(Shaaban et al., 2017).

Calcium silicate

Calcium or magnesiumsilicates (slags) are by-products
of various industries like iron and steel. As silicate
anions (SiO,*) have the same valency as carbonate
anions (CO,”) from the limestone, slags have the
same potential to correct soil acidity as limestone with
a neutralizing value of 86% (Korndorfer et al., 2003).
Alcarde and Rodella (2003) reported that calcium
silicate has higher potential for the correction of soil
acidity in the subsurface than lime since it is 6.78
times more soluble than calcium carbonate. Silicates
have greater reactivity, thus neutralizes soil pH faster
than lime and products from silicate dissociation
reach deeper layers of soil than lime and can correct
a thicker soil layer further down in the soil improving
the possibility of plant deepening the root system and
absorbing more nutrients. Nolla ez al., (2013) reported
that use of slag results in formation of monosilicic acid
(H,S10,), which dissociates less than H" adsorbed to
the exchangeable cation capacity and therefore, soil
pH increases.

Silicate is an efficient source for acidity correction
because it increases the number of exchangeable
bases in the soil equivalent than lime. Calcium and
magnesium silicates on application to the soil release
calcium, magnesium and silicate ions in the soil
solution and thus increase the availability of silicon,
calcium, magnesium and phosphorus concentrations
for plants and increase the yield. Silicate is more
efficient than lime by its efficiency in increasing the
phosphorus availability, reducing aluminum toxicity,
improving mineral nutrition by supply of Ca and
Mg reflecting in higher yield (Castro and Crusciol,
2013). According to Castro et al., (2016), increased
soil silicon levels increased the P concentrations in

the crop than with the lime application due to the

competition of silicon with phosphorus for anion-
binding sites on soil colloids, keeping more P in the
soil solution for plant uptake. Thus, by the application
of silicon, more phosphorus will be taken up by the
plant, and less is left in the soil. Application of slags to
the soil results in the formation of hydroxy aluminium
silicates thus reducing the aluminium phyto toxicity in
plants. Khalid and Silva (1980), observed that, due to
the formation of insoluble alumino-silicates in the soil
or due to precipitation of Si on hydrated aluminium
oxides, application of calcium silicate increased the
soil pH, exchangeable calcium content, decreases
extractable aluminium in the surface soil. Elisa et al.,
(2016) reported that application of calcium silicate
in an acid sulfate soil, increased the soil pH and
was effective in alleviating aluminium toxicity and
supplied substantial amounts of calcium and silicon.
For effectively reducing the aluminium concentration
in acid sulphate, rice-cropped soil, calcium silicate
should be mixed with the top 30-cm layer. Silicates
also supply silicon to the soil solution, increasing
silicon availability to the plant and thereby increase the
plant resistance to biotic and abiotic stresses by higher
tolerance to drought, increased lodging resistance and
resistance to pest and diseases. (Nolla et al., 2013
and Elisa et al., 2016). Studies conducted at China
on the effects of silicate application on CH, and N,O
emissions and global warming potentials in paddy
soils revealed that silicate application can reduce the
contribution of enhanced UV-B radiation to global
warming potentials (Lou et al., 2019).

However, use of silicates in agriculture depends on
the concentration of the heavy metals present in them.
The expensive purification process for removing the
heavy metals in products with high levels of heavy
metals limits the agricultural use of slags. However,
slags derived from the steel industry with low heavy
metal concentration can be used in agriculture.
(Korndorfer et al., 2003).
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Rice husk ash

Rice husk, the yellowish brown outermost layer of
paddy grain obtained as a milling by-product of paddy
include 37.05% carbon, 35.03% oxygen, 11.06%
nitrogen, 9.01% silicon and 8.80% hydrogen (Sarangi
et al., 2009; Babaso and Sharanagouda, 2017). Rice
husk, which has 75% organic volatile content and
17-20% silica under uncontrolled burning, gets
converted into rice husk ash which is 25% by weight
of rice husk (Table 2). Every tonne of paddy produces
about 0.2 t of husk and every tonne of husk produces
about 0.18 to 0.2 t of ash depending on the variety,
climatic conditions, and geographical location
(Kothandaraman et al., 2007; Singh, 2018). Rice husk
ash (RHA), one of the major by-products of rice husk
burning is obtained when husk is burnt in ambient
temperature and pressure condition contains 87-97%
silica with small amount of alkalies and other trace
elements (Yadav, 2021).

Table 2: Chemical composition of the Rice Husk

Ash
Compound / Element (constituent) Weight (%)

Silica (Si0O,) 91.59
Carbon (C) 4.8
Calcium oxide (CaO) 1.58
Magnesium oxide (MgO) 0.53
Potassium oxide (K O) 0.39
Haematite (Fe O,) 0.21
Sodium (Na) Trace
Titanium oxide (TiO,, 0.20

Source: (Alaneme and Adewale, 2013)

RHA is a good and cheap source of liming material as
it can improve the soil pH and fertility of acidic soils
(Masulili et al., 2010). Preetha et al., (2022) reported
that rice husk ash is an environmentally favourable
agricultural resource, alkaline in nature, which can
raise the pH of an acidic soil and also supply nutrients
to crops as it contains CO,-0.10%, SiO,-89.90%,
K,0-4.50%, P,0,-2.45%, CaO-1.01%, Mg0-0.79%,
Fe,0,-0.47%, A1,0,-0.46%, MnO-0.14%.

R

Rice husk ash (RHA) which has an alkaline pH can
be used as a potential liming material as it is cheap

and environmentally friendly (Devi and Swadija,
2017). Okon et al, (2005) observed that RHA
which has low neutralizing value was found to stir
up great soil reactions with evidence of increase in
effective cation exchange capacity, exchange acidity,
soil pH, and rapid growth and yields and can be
recommended for adoption by the resource-poor
farmers as a high potential and low-external-input
material for ameliorating soil acidity. Rice husk
ash reacts faster than limestone though it has low
effective calcium carbonate equivalent of around 3%
and low neutralizing value of around 1% (Islabao
et al., 2014). Kath et al., (2018) reported that RHA
reacts much faster than conventional limestone, as all
bases contained in it are dissolved immediately after
their incorporation into the soil. Okon et al., (2005)
reported that the ability of RHA to reduce soil acidity
and raise the pH of the soil to the level needed for
the cultivation of most vegetables and arable crops is
due to its possession of reasonable quantities of the
basic cations like Ca, Mg, K, Na, and other essential
elements including P and very little N. Application
of combination of humic materials from water
hyacinth and silicon from rice husk biochar as soil
ameliorants in acid sulphate soils increased the pH
and decreased aluminium and sulphate concentration
in oxidised conditions, decreased iron concentration
under reduced conditions and thus decreased iron,
manganese and aluminum toxicity (Maftuah et al,
2023). Teutscherova et al., (2023) reported that the
application of RHA could be considered for soil
application to recycle nutrients, ameliorate soil acidity,
promote plant growth and, ultimately, to reduce losses
of applied nitrogen. Preetha et al., (2022) reported that
application of rice husk ash @ 48.5 g kg'! registered
comparable soil pH with the equivalent CaCO, level
of 5.0 g kg! confirming the possibility of using rice
husk ash as an amendment for acid soil.
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Mini and Lekshmi (2020) reported that soil test based
RDF + RHA @ lime (based on pH) + foliar spray of
0.5% solution of customized formulation @ 5 kg ha™!

as foliar application of 0.5% solution in two splits
at maximum tillering and panicle initiation stage
increased the yield by 23 per cent in acid sulphate
soils of Kuttanad compared to the recommended
dose of lime and fertilizer application and the B : C
ratio increased from 1.53 to 1.91. Gao et al., (2019)
reported that application of RHA to soil increases soil
P availability, both by supplying P contained in the
ash or indirectly by increasing soil P solubility upon
soil pH increase. The application of RHA promoted
higher plant biomass production than lime which had
no effect on plant growth (Teutscherova et al., 2023).
According to Kath et al., (2018), the residual effect
of RHA in the pH and on the exchangeable Ca, Mg
and K contents, increased with increasing the dose of
RHA applied to the soil.

Gypsum

Gypsum is a mineral that is naturally found in the soil
and can be mined out from the geological deposits.
Gypsum is also obtained as a byproduct from many
industries like flue gas desulfurization gypsum
(FGD-gypsum) and Phospho gypsum. Gypsum is a
good source of calcium and sulphur. Although both
are sources of calcium, lime raises the pH of the soil,
while gypsum does not. While calcium in gypsum
can replace the H' ions in the soil, sulphates cannot
neutralize the hydrogen ions, these ions will remain
in solution and will not adjust soil pH. Zoca and Penn
(2017), reported that since gypsum is not an acid-
neutralizing or acid-forming substance, depending
on soil mineralogy, CEC and competing anions, the
sulfate can potentially increase or decrease the pH.
Gypsum can act as a soil conditioner that may be used
to correct aluminum problems in the subsurface soil
layers. Sneller (2011) reported that gypsum dissolution
products cannot directly neutralize acidity but it is
effective in reducing aluminium toxicity in soils with

pH lower than 4.5 as the sulfate may act as a counter
ion on soil particles increasing aluminum absorption
from the soil solution. Aluminum sulfate is less toxic
to plants than the individual aluminum ion. Gypsum
applied to the topsoil due to its high solubility, slowly
moves down the profile and increases labile calcium
levels and decreases aluminium and sodium levels
in the subsoil, acts as a soil conditioner, which will
improve soil structure to encourage roots to penetrate
and proliferate in the subsoil resulting in higher nutrient
uptake and yield. (Ritchey et al., 1995). Even though
the application of gypsum will not change the soil pH,
it counteracts the toxic effect of soluble aluminum on
root development and thus can promote better root
development of crops, especially in acid soils (Dick,
2018). The problem of both deep acid subsoils and
shallow acid subsoils in no-till systems where liming
material cannot be incorporated can be remediated
through, gypsum application due to its high solubility
than lime, mobility of gypsum dissolution products,
and potential to provide high rates of Ca and sulfate
that can decrease Al** activity in solution (Zoca and
Penn, 2017). Rate of application of gypsum depends
on the purpose of gypsum application, type of soil,
amount of rainfall in the region, cropping system and
other potential factors (Kost ef al., 2014). Continuous
application of gypsum can cause magnesium and
sodium deficiencies in soil.

Phosphogypsum

Phosphogypsum is a byproduct of phosphate fertilizer
industry formed during the production of phosphoric
acid from rock phosphate. The phosphogypsum,
generated from the phosphoric acid production plants
is composed mostly of calcium sulphate (CaSO,-H,0).
Phosphogypsum is more soluble than limestone, but
its addition does not increase the soil pH as it cannot
neutralize the replaced H" ions. Caires et al., (1999)
reported that phosphogypsum applied to the soil
surface moves along the profile under the influence
of percolating water and thereby increase the supply
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of calcium and reduce the aluminium toxicity in the
subsoil. Phosphogypsum is therefore, an alternative
for improving the root environment in the subsoil and
can be used in acidic soils as a supplement for liming
(Caires et al., 2003). Gypsum and lime when applied
together have synergistic effects. Ebimol et al., (2017)
observed an increase in soil pH and available calcium
content by the application of phosphogypsum along
with lime @ 300 kg/ha and was highly effective in
lowering the toxic concentration of Fe and Al in the
acid sulphate soils of Kuttanad. Costa and Crusciol
(2016) observed that superficial liming with or without
phosphogypsum increased the Ca** levels throughout
soil profile and reduced the surface and subsurface soil
acidity, five years after application in a no till system
but had residual effect on the SO, S levels, and high
sulphate concentrations were observed in the subsoil
after five years. The organic matter content increased
with liming with or without phosphogypsum,
indicating that in the long term, these practices can
increase the carbon accumulation in the system.
Application of phosphogypsum along with lime can
correct both the surface and subsurface acidity. A
major concern about the use of phosphogypsum is its
radioactivity. However, the degree of radioactivity
dependents on the place from where the phosphate
rock was mined (Guimond and Hardin,1989).

Biochar

Biochar, a carbon-rich product is produced by a process
known as carbonization, through thermochemical
conversion of organic material or biomass materials
such as crop residues, forestry waste, industrial by-
product, municipal waste and animal manure under
limited supply of oxygen and at relatively low
temperature. Biochar can be used as a soil amendment
to improve nutrient availability, soil productivity,
carbon storage, and filtration of percolating soil water
and act as stable form of carbon due to its resistance to
decomposition and its influence on nutrient dynamics
(Lehmann and Joseph, 2009). According to Gao
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et al., (2019), biochar additions to soil increased

available P by 45 per cent, but have negative effect
on the accumulation of inorganic N. In highly acidic
soils, application of biochar increased the soil pH, P
availability, cation exchange capacity and soil organic
carbon in a sustainable manner (Bedassa, 2020).
Phares et al., (2020) reported that combined biochar
and triple superphosphate application increased soil
pH, improved soil fertility, nodulation and nitrogen
fixation in cowpea grown in a tropical sandy loam soil
amended with biochar at 1.5 tha™ and 2.5 t ha! solely
or together with inorganic phosphate fertilizer (TSP),
applied at a rate of 60 kg P/ha. Biochar is a biomass-
derived carbonaceous material often alkaline in
nature and therefore, when used as a liming agent has
the potential to alleviate soil acidity; however, more
reliable datasets of its liming and consequent effects
are still to be explored (Bolan et al., 2023).

Conclusion

Adverse soil conditions like low pH, iron and
aluminium toxicity, low nutrient availability and
low fertilizer use efficiency are the factors limiting
productivity of rice in extremely acidic soils.
Application of lime shell is the most common practice
adopted by the farmers for the management of acidity.
But the high cost, low quality, reduced availability
and evolution of CO, during the calcination process
recommends the use of various other natural materials
like RHA and industrial by-products like calcium
silicate and phosphogypsum as an alternative option
for the amelioration of acidic soils. These materials
are having high reactivity in increasing the pH, supply
of nutrients like Ca, Mg, Si efc., and also has the
potential to reduce iron and aluminium toxicity and
reduce methane emission.
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