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ABSTRACT

Majority of soils Tripura are strongly acidic having a pH range of 5.1-5.5. Groundnut, an oilseed
crop, can grow well in coarse-textured soils which facilitate the better growth and development
of groundnut pods. The low soil pH is associated with a number of soil chemical and biological
properties that manifest themselves as the components of the acid soil syndrome. There are some
specific problems which are associated with acid soils e.g., aluminum, iron and manganese
toxicity; molybdenum deficiency; failures in legume nodulation; increase in plant disease, and
calcium and magnesium deficiency. These conditions may adversely affect groundnut growth.
Liming is an important proposition to combat soil acidity, however, everywhere this approach
does not prove economical and most of the time it is out of the reach of resource poor farmers.
Thus, judicious application of lime and integrated nutrient management (combinations of bio-
fertilizer, greeen manuring, organic manure and chemical fertilizer) can be practiced to formulate
an integrated programme for acid soil management which will be eco-friendly and economically
feasible tool to conquer productivity barrier and to attain sustainable groundnut production in

acid soils of Tripura.

INTRODUCTION

Soil acidity is a major factor that restricts crop growth in a
large part of the world (Shainberg et al., 1989). In general,
fertility status and growth and yield of plant of acid soils are
very poor (Kundu, 2017; Bhat et al., 2017). Acid soils
occupy ~3.95 billion hectare (ha) and account 30 percent of
the world’s ice-free land area (Vonuexkill and Mutert,
1995). Out of the 328 million ha in India, nearly 145 million
ha is cultivated. A rough estimate indicates ~48 million ha
of this soils are acidic, of which 25 million ha has pH less
than 5.5 and ~23 million ha has pH between 5.6 and 6.5
(Sharma and Sarkar, 2005). Plant and other living (macro-
and micro-) organisms in soils can be affected by both low
and high pH (Brady and Weil, 2008). Because, soils with
low pH have deficiency of many essential nutrients e.g.,
calcium (Ca?*), magnesium (Mg?*) and phosphorus (P). Soil
pH below 5.0 inhibits availability of phosphorus and
activity of cation exchange capacity (Baumann et al., 1998).
Iron (Fe®*) can reach toxic levels for plants when pH falls
below 4.0, and hydrogen (H*) ion can damage root
membranes at pH between 4.0 and 4.5 (Brady and Weil,
2008). In a very acidic soil (pH 4.5-5.5), aluminium (AI®*)
toxicity affects plant metabolism, where roots containing Al
become shortened, thickened, and unable to adequately take
up water and nutrients, particularly phosphate (Rowell,

1994). Like aluminium, manganese can be very soluble as
and when pH drops, but its toxicity level in soils increases
when it reaches at 5.6 (Brady and Weil, 2008). To alleviate
the problem, integrated nutrient management (INM) is
pertinent to utilizes available organic and inorganic
nutrients to build ecologically sound and economically
viable farming systems. In this approach all the possible
sources of plant nutrients are applied through organic
source based on economic consideration and the balance
required for the crop is supplemented with chemical
fertilizers. The combined use of organic and inorganic
sources of plant nutrient not only pushes the production and
profitability of field crops, but also helps in improving the
fertility status of the soil (Kannan et al., 2013).

Groundnut (Aarchis hypogaea L.) is a premier oilseed crop
of India and contributed ~40 per cent of the total oilseed
production. But it has low productivity (900 kg ha™)
(Bandopadhya et al., 2000). Improper nutrient management
is important for low productivity. Being a legume-oilseed
crop, it requires more P, sulphur (S) and Ca than those by
cereals. Kanwar et al. (1983) while studying the nutrient
and fertilizer response of groundnut concluded that with
balance use of fertilizer for groundnut production can be
increased considerably. However, a wide inconsistency in
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response of groundnut to fertilizer application is noticed
(Reddy, 1988) and the conclusive evidences on balance
nutrition of groundnut are still meagre and fragmentary in
coverage. According to Mandal (1997) around one-third of
total cultivable land of India is suffered from soil acidity.
Again, Sharma and Singh (2002) reported that most of the
acid soil area falls under North-Eastern region of India
where around 65% area have soil pH below 5.5.
Productivity of soil and crop is restricted by toxicities of Fe
and Al, deficiency of phosphorus, calcium, magnesium,
boron etc, reduced microbial activity and other soil acidity-
induced constraints (Patiram, 1991; Kumar et al., 2012).
The magnitude of the negative impacts of soil acidity on
productivity of both soil and crop is further increased
because of variation in climate (Kumar et al., 2012).
Efficient management of such acid soil is very important for
increasing crop productivity as well as for increasing food
security on regional as well as global basis. To increase the
productivity of crops grown under such extreme acid soil
liming as well as INM (Integrated Nutrient Management) is
to be followed by the farmers of Tripura (Dey et al., 2015).
Inoculation of Rhizobium + PSM in-combination with lime
500 kg per ha FYM 10 ton per ha + 50% Nitrogen.
Phosphorus and Potassium brought significant improvement
in yield, residual fertility and more remuneration. This
combination may be adopted for cultivation of groundnut in
acid alfisols under mid hill altitude conditions of the North
East India (Singh et al., 2003). Legumes are usually lime
loving (Mandal et al., 1997) and a little information
pertaining to the effect of liming on legumes is available in
Tripura. However, it was reported that cowpea and mung
yielded 80.0 and 93.0 per cent more over respective control
after the application of 10 quintal (q) lime ha?. Lime
requirement of the soils even with similar acidity (pH)
levels may vary widely based on the differences in their
organic matter contents, and therefore, lime application
should not be advocated merely on the basis of existing soil
pH. Rather, proper testing of lime requirement is needed for
the best results in terms of soil acidity amelioration and
crop productivity improvement. Palm et al. (1997)
highlighted that organic source of nutrients influence
nutrient availability by the total nutrients added by
controlling the net mineralization-immobilization patterns.
Several researchers (Bakayoko et al., 2009) have shown
that application of organic manures in combination with
lime significantly improved the soil quality due to an
increase in soil organic matter content. Further, INM is one
of the most effective ways to improve soil fertility in
tropical soils of India (Kumar et al., 2012). A combined
application of organic manure with lime increased
exchangeable Ca and Mg and improved soil pH (Rahman et
al., 2002). The increase can be attributed to the release of
Ca?* ions in lime through its dissociation (Chimdi et al.,
2012) and to mineralization of manure with released
nutrients (Shen and Shen, 2001). Further, a judicious use of
FYM and biofertilizers along with 75% recommended NPK
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increased the organic carbon content and application of lime
and FYM along with 100% recommended NPK increased P
content (Ramesh et al., 2014). The management of acid
soils should aim at improving the production potential by
addition of amendment to correct the acidity and manipulate
the agricultural practices so as to obtain optimum crop
yields under acid condition.

LIMING AS A SOIL ACIDITY MANAGEMENT
STRATEGY

Liming in adequate amount in acid soil have some
favourable effects in increasing nutrient availability,
microbial population and their activity and ultimately in
increasing crop productivity (Bhat et al., 2010; Bhat et al.,
2017). Liming eliminates soil acidity and toxicity of
aluminum, iron, manganese, and H* ions; improves soil
structure (aeration); improves availabilities of calcium,
magnesium, phosphorus, molybdenum and magnesium, and
N-fixation; and reduces the availabilities of manganese,
zinc, copper and iron and leaching loss of cations. For
several crops, liming results in some chemical changes in
the soil such as, increase in pH, effective cation exchange
capacity (ECEC), and exchangeable Ca, decrease in toxic
elements for example AIF* and Mn?* and changes in the
proportion of basic cations in CEC sites (Ezekiel,
2006).Soil nitrogen availability is also increased by liming
because of increased organic matter decomposition.
(Donald, 2011). These liming materials include limestone
(both calcitic and dolomitic), burnt lime, slaked lime, marl,
and by-products of steel industries like basic slag (Bhat et
al., 2017), by-products of sugar factory like pressmud
which are of low cost. Over-liming, however, can
significantly reduce the bioavailability of micronutrients
(Zn, Cu, Fe, Mn and B), which decrease with increasing pH
(Fageria et al., 2002). This can produce plant nutrient
deficiencies, particularly that of Fe which is made available
at medium acidic conditions.

EFFECT OF FARMYARD MANURE APPLICATION
ON SOIL ACIDITY

Organic matter has been found to increase the soil’s ability
to hold and make available essential plant nutrients and to
resist the natural tendency of soils to become acidic (Reis
and Rodella, 2002). Application of manure to acid soils not
only supplies the nutrients and organic colloids for plant
growth but it also reduces soil acidity, improves phosphorus
availability and reduces aluminium toxicity. Proton
exchange between the soil and manure which contains some
phenolic, humic-like material makes it capable of raising
soil pH (Tang et al., 2007). The soil pH is increased due to
addition of farmyard manure as organic acid and humic
substances produced due to decomposition of organic
matter are adsorbed on the surfaces of hydrous oxides of Fe
and Al by exchange with the corresponding release of OH"
(Hue et al., 1986).Returning organic amendments in form of
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livestock manures and crop residues to soil could be
important in supplying crop nutrients as well as improving
soil moisture conditions and increasing availability of P by
stimulating microorganisms that solubilize soil P (Fankem
etal., 2008).

FERTILIZER MANAGEMENT IN ACID SOIL

Higher amount of N is recommended in high rainfall areas
to compensate leaching losses. Split application of N with
small dose is preferred to single heavy dose to avoid such
losses (Sanchez and Salinas, 1981). Liebig et al. (2006)
reported decrease in soil pH level due to acidifying the
nitrogen fertilizer in highly fertilized soil. Acid forming
fertilizers such as ammonium chloride, ammonium
sulphate, ammonium phosphate, urea, ammonium nitrate
etc. should be avoided in acidic soils. Dolomitic lime stone
used as a filler in the fertilizer mixture can reduce soil
acidity beside supplementing Ca and Mg nutrition of the
soil. High phosphate fixing capacity creates the deficiency
of phosphorous in acid soil. Use of judicious quantity of
rock phosphate well ahead of liming is a cheap means for P
supplementation in such type of problematic soil. Somani et
al. (1990) reported that arbascular mycorrhizae (AM) forms
symbiotic association with roots of several plants and
facilitates increased P uptake in low P soils. Here the fungal
hyphae of AM act as an extension of plant root system,
which increases the surface area for tapping P from larger
soil volume.

SUMMARY AND CONCLUSION

Lands with pH value less than 5.5 are critically degraded
with very poor physical, chemical and biological
characteristics. The soils suffer due to deficiencies of
phosphorus, calcium, magnesium, molybdenum and boron
and toxicities of aluminium and iron. The productivity of
Groundnut is, therefore, low in acidic soils due to poor soil
health. The addition of lime to these soils neutralizes soil
acidity and creates favourable environment for microbial
activity, nutrient release and their availability to plants. The
conjunctive use of lime and adequate fertilizers, therefore,
holds key for higher productivity of these soils. Liming and
integrated use of organic and inorganic fertilizers and bio-
fertilizers can be adopted for increasing the yield of
groundnut as well as for improving fertility status of the soil
and reducing different forms of acidity in the acidic soils.
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