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Basic Slag as a Liming Material to Ameliorate Soil Acidity in
Alfisols of Sub-tropical India
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Abstract: Crop production on acid soils can be improved greatly by adjusting the pH to near neutrality. While
soil acidity 15 commonly comrected by calcite, there 1s evidence that use of basic slag as an amendment can
increase the pH of acidsoils. The effect of calcite and basic slag (CaSiQ,) with different doses on soil acidity,
nutrient availability and grain yield was determined in the experiments. Fourteen field experiments were
conducted during the rabi season of 2003-2004 and 2004-2005 m Alfisolsof Midnapur West and Purulia districts
of West Bengal, INDIA. Besides liming materials, locally available organic resources e.g. farmyard manure
(FYM) and poultry manure (PM) were also used along with basic slag to increase its efficacy. The treatments
used were as follows: No lime, 1/5" LR (basic slag), 1/5" LR (calcite), 1/10" LR (basic slag), 1/10® LR (calcite),
1/5" LR (basic slag + FYM @ S5tha) and 1/5" LR (basic slag + PM @ 3t/ha). Results showed that both
calcite and basic slag increased the grain yield of wheat. They were effective when applied @ 1/5" LR dose
than 1/10" LR. On an average, calcite and basic slag caused an increase in grain yield to the extent of 21.9 and
31.0% over the no lime treatment, respectively. Results also showed that increase m the yield of wheat was more
with basic slag 1/5® LR than with calcite. Incorporation of organic sources of nutrients particularly FYM and
PM caused a further increase in vield, the magnitude being 56.2 and 60.2% respectively over the no lime
treatment. Results of straw yield also showed the similar trend of change. Uptake of N and P by wheat plants
showed that liming caused significant increases in thewr uptake. There was no significant increase in
concentration of K with lime application. Organic matter addition enhanced the uptake of the nutrient elements
viz., N, P and K. Results of the analysis of residual soil showed that total acidity, exchange acidity and
hydrolytic acidity recorded a decrease upon liming.

organic manures and wheat crop
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INTRODUCTION

Soil acidity 1s a major factor limiting crop yield in vast
areas of the world [1]. Acid soils occupy about 3.95 billion
ha and account for 30% of the world’s ice-free land area
[2]. Soil acidity is particularly prevalent in the humid
tropics and subtropics, climatic zones that encompass
many of the countries struggling most to achieve self-
sufficiency in food production. Out of the 328 million
hectares of geographical area of India nearly 145 million
hectares 1s cultivated and a rough estimate indicates that
48 million ha of soil 1s acidic mn nature of which 25 m ha
shows pH below 3.5 while about 23 m ha has pH between
5.6and 6.5 [3].

Soil acidity is the major problem of the Alfisols of West
Bengal, leading to severe toxicity of iron, aluminium and
manganese accompanied by deficiency of phosphorus
and low microbial activity leading to poor yield of crops
[4]. In general fertility status of these soils is very poor
and under strongly to moderately acidic soils the plant
growth and development affect to a great extent. The
crops grown on these problematic soils do not give
remunerative return rather it lowers down the vield to a
great extent. Because of the limited land resource it needs
judicious management practice so that the yield of the
different crops can be increased. So, one of the most
important and particularly feasible management practices
is the use of lime and liming materials to ameliorate the soil

Corrsponding Author: Dr. J A, Bhat, Department of Agricultural Chemistry and Soil Science, Bidhan Chandra Krishi
Viswavidyalaya, Mohanpur - 741252, Nadia, West Bengal, india



Am-Euras. J. Agric. & Environ. Sci., 2 (4): 321-327, 2007

acidity. The addition of lime raises the soil pH, thereby
eliminating most major problems of the acid soils.
Application of lime eliminates actual and exchange
acidities, mimmizes hydrolytic acidity, raises the calcium
content in the soil [5]. Reduced soil acidity following
liming also increases the availability of the several
plant nutrents, notably phosphorus. Only about 20% of
fertilizer phosphorus 1s taken up by the crop in the year
of application. The remainder is fixed in the soil in various
degrees of availability to succeeding crops. Therefore,
one of the benefits of liming acid soils 13 the increased
utilization of residual fertilizer phosphorus by crop.
Liming creates a suitable environment (pH 6.0 - 6.5) for
nitrifying bacteria, increase in aercbic N fixation process
and organic matter decomposition process. Liming also
enhances the mineralization of orgamc matter, thereby
releasing inorganic plant nutrients such as N, P and S to
soil solution.

Various liming matenals are used to neutralise the soil
acidity, thereby overcoming the problems associated with
the acidification. One of the important liming materials is
basic slag. Basic slag is a by-product of the basic open-
hearth method of making steel and its neutralizing value
15 86, The calcium contained 1s m the form of calcium
silicate and reacts with soil acids in a manner similar to
ground limestone. Tt also contains PO, ranging form 2-6%
and some micronutrients and magnesium. Generally calcite
(CaC0;) 15 used as agricultural lime but it 15 to some extent
expensive. As a result farmers often become reluctant to
ameliorate soil acidity. With this objective basic slag, a
low cost liming material was undertaken to judge its
suitability as an ameliorant of acid scil comparing calcite.

MATERIALS AND METHODS

Fourteen field experiments were conducted on
farmers” field for wheat crop using K-9107 as a test variety
in two districts (Midnapur West and Purulia) of red and
lateritic tract (Alfisols) of West Bengal in the rabi season
of the years 2003-04 and 2004-05 for this purpose. Lime
requirement (LLR) values of the experimental soils were
also determined following SMP method [6]. The LR values
i Table 1 gave the amount of CaCO, needed to neutralise
the soil acidity. Another hime source 1.e., basic slag was
also used as a low cost locally available liming material.
The equivalent amount of basic slag needed was also
determined by calculating the relative neutralising power
of basic slag vis-a-vis calcite. An average composition of
basic slag was: Ca (33.2%), Mg (3.2%), P,O, (2.1%), Si
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(2.3%), Cu (163 pg g and Zn (174 pg g™"). Three doses
viz., no lime, lime @ 1/5" LR (lime requirement value) and
lime @@ 1/10™ LR of both the liming materials were used for
the experiment. Besides liming materials, locally available
organic sources e.g. farmyard manure (FYM) and poultry
manure (PM) were incorporated with basic slag in all
the places with the assumption that they might help to
increase the solubility of basic slag. Thus the treatments
used were as follows: No lime, 1/5® LR (basic slag), 1/10"
LR (basic slag), 1/5* LR (calcite), 1/10" LR (calcite), 1/5®
LR (basic slag + FYM (@ 5t/ha) and 1/5* LR (basic slag +
PM (@ 3t'ha). Crop was sown with the recommended
doses of N, P and K (@ 80:40:40 kg ha™"). Full dose of P
and K were applied at the time of sowing but for N half of
the recommended dose was applied at the time of sowing
and the rest half of N was applied at 21 DAS 1.e. at crown
root initiation stage. Calculated amount of the liming
material corresponding to the three doses was mixed up
with the soils in the furrows. After harvest grain and straw
yield of the crop were recorded and the plant samples
were analysed for N, P and K following standard methods.
Economy of the liming materials used was also calculated.

Soil samples both the mmtial and residual (collected
after harvest of the crop) were analysed for soil pH
(both pH,, and pH.,) and different forms of soil acidity viz.,
total acidity, exchange acidity, hydrolytic acidity,
electrostatically bound H'(EBH") and AI"{EBAI™). Total
acidity (TA) and exchange acidity (EA) were determined
by extracting soil with 1.0 M sodium acetate (pH 8.2) [7]
and 1.0 M KCI [8] respectively and subsequently titrating
with NaOH using phenolphthalein as an indicator.
Electrostatically bound Al (EBAI™) was determined in
1.0 M KC1 extract by titrating with HCI after adding NaF.
The difference between EA and EBAI™ represented the
electrostatically bound H™ (EBH"). The difference between
total acidity (TA) and exchange acidity (EA) was
designated as hydrolytic acidity (HA) [9].

RESULTS AND DISCUSSION

All the soils used in the experiment were acidic in
nature with mean pH values of 5.1 (pH,,) and 4.4 (pH,,)
{(Table 1). Lower values of pH,, than pH, explained that
the soils were negatively charged. The total acidity (TA)
of the soils as extracted by 1.0 M NaOAc, pH 8.2 varied
from 1.31 - 2.57 cmol (p") kg™ with mean values of
1.76 cmeol (p) kg™ (Table 1). The hydrolytic acidity (HA)
varied from 1.0 to 1.95 cmel (p") kg™ with a mean value of
1.42 cmol (p") kg™ The exchange acidity (EA) includes
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Table 1: Forms of acidity and lime requirement values of the experimental soils before lime application

Total acidity ~ Exchange acidity Hydrolytic acidity

EBAI* EBH* pH, pH,, LR (tha™)

Experimental sites

[emol (p*) kg™

Pukuria 1.43 0.32 1.11 0.21 011 53 4.5 4.70
Radhanagar 131 0.14 1.18 0.05 0.09 52 4.6 6.17
Dhenkipora 2.57 0.97 1.60 0.54 0.42 4.8 4.3 4.70
Dahijuri 219 0.86 1.33 0.51 0.34 51 4.1 7.66
Andharia 237 0.90 1.47 0.55 0.34 51 4.2 7.66
Rinpur 1.33 0.23 1.10 0.15 0.09 4.9 4.5 4.70
Kapgari 1.39 0.14 1.25 0.12 0.02 53 4.7 6.17
BRansra 1.33 0.33 1.00 0.30 0.03 52 4.1 6.17
Gopladih 1.75 0.10 1.65 0.04 0.06 51 4.7 3.45
Manikdih 1.52 019 1.33 0.06 0.13 53 4.3 766
Sirkabad 1.73 0.10 1.04 0.03 0.07 4.7 4.5 766
Santladih 2.24 0.29 1.95 0.22 0.07 52 4.2 6.17
Govindpur 1.88 0.08 1.80 0.03 0.06 5.0 4.6 4.70
Chakaltod 1.60 0.07 1.53 0.01 0.06 5.0 4.4 4.70
Range 1.31-2.57 0.07-0.97 1.0-1.95 0.03-0.55 0.02-0.42 4.7-5.3 4.1-4.7 3.45-7.66
Mean 1.76 0.34 1.42 0.20 0.14 51 4.4 5.88
SD 042 032 0.28 0.20 013 0.19 0.20 1.41
LR=Lime requirement of soil in the form of CaCO;

Table 2: Effect of liming on grain yield of wheat (q ha™)

Experimental sites No lime BS 1/5% BS 1/10% Ca 1/5% Cal/l0% BS 1/5%+ PM BS /5" + FYM
Pukuria 13.7 23.5 19.1 21.5 15.8 25.1 24.5
Radhanagar 19.3 26.8 21.5 24.5 20.2 28.5 28.0
Dhenkipora 18.2 25.5 20.5 233 19.2 28.1 27.4
Dahijuri 16.0 27.5 18.5 25.8 18.2 28.9 28.1
Andharia 18.5 22.6 20.5 21.5 19.3 26.7 25.5
Rinpur 17.3 24.2 19.8 20.8 18.5 27.3 26.1
Kapgari 18.5 23.5 20.6 228 19.5 27.5 26.4
Bansra 17.8 22.4 20.7 237 19.6 25.8 24.3
Gopladih 14.4 253 16.2 23.0 18.1 28.6 27.4
Manikdih 16.5 24.5 20.0 21.9 18.8 26.8 25.3
Sirkabad 18.0 23.8 20.2 23.7 19.5 26.3 25.1
Santladih 16.0 273 22.5 25.0 17.0 29.5 28.2
Govindpur 17.4 26.2 20.2 24.5 19.3 28.1 27.5
Chakaltod 17.3 24.7 20.0 222 18.8 26.7 25.3
Mean 17.1 24.8 20.0 232 18.7 27.4 26.8
Sen(d) 0395

CD (P=0.05) 1116

the exchangeable H' and Al held at the permanent
charge sites of the soil exchange complex. Unlike TA, the
EA of all the soils was much less and its value ranged
from 0.07 to 0.97 cmol (p") kg™ with a mean value of
0.34 cmel (p") kg™". Soils were limed on the basis of lime
requirement (LLR) estimated.

Effect of lime on grain and straw yield: Results showed
that application of lime caused a significant increase in
grain (GY) and straw yield (SY) of wheat (Table 2 & 3).
The magnitude of increase m GY and 3Y due to liming was
26.8 and 18.6 per cent respectively over the no lime
treatment, irrespective of the sources and levels of lime.
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Table 3: Effect of liming on straw yield of wheat (q ha™)

Experimental sites No lime BS 1/5% BS 1/10% Cal/5® Ca 1/10% BS 1/5%+ PM BS 1/5* +FYM
Pukuria 21.8 203 25.0 26.7 233 324 315
Radhanagar 25.5 31.2 272 302 25.6 331 32.6
Dhenkipora 233 30.9 25.5 285 238 338 334
Dahijuri 24.8 338 30.5 305 283 36.3 354
Andharia 254 31.2 20.1 30.6 27.2 342 336
Binpur 21.5 26.8 24.6 26.4 23.0 20.1 28.5
Kapgari 224 204 271 27.6 25.3 3l.6 30.9
Bansra 25.5 34.2 26.3 31.2 24.2 36.8 36.1
Gopladih 20.5 20.5 22.7 332 21.1 32.2 31.5
Manikdih 233 31.5 27.5 272 25.5 33.5 326
Sirkabad 24.3 28.8 31.2 302 28.6 31.0 30.2
Santladih 25.6 33.2 30.2 29.5 27.5 34.8 .1
Govindpur 26.1 31.6 26.5 29.2 24.1 34.2 335
Chakaltod 21.6 28.5 25.5 25.6 233 31.2 30.2
Mean 23.7 30.7 27.1 29.0 25.1 34.1 33.5
Senl®) 0.579
CD (P=0.05) 1.635
1.57 BN EpOK
1.2
g 0.9
g
o 0.6
0.34
0.0+ T T T T T T —
No lime BS 1/5 BS 1/10 Cal/s Cal/10 BS 1/5+PM BS I/5+FYM
Treatments

Fig. 1: N, P and K content in wheat plants (mean of 14 experiments)

Such increase in both GY and SY was always higher with
basic slag than with calcite, the magnitude of increase in
GY and SY being 31.0 and 21.9 per cent with the former
but 22.5 and 14.1 per cent with the latter (Table 2 & 3).
Results thus indicated a better response of wheat to basic
slag than calcite. Response of wheat to liming also varied
depending upon their levels of application. There was a
higher response with higher doses of lime, the mean
magnitude of GY and SY bemg 17.1, 19.4, 24.0 and 23.7,
26.1,29.9 q ha ' with no lime, LR1/10" and LR 1/5" levels
of added lime respectively (Table 2 & 3). These
constituted an increase in GY of about 13.5 and 40.6 per
cent over the contrel with LR1/10" and LR1/5" levels of
lime respectively. The corresponding values for SY were
10.0 and 26.1 per cent. The magnitude of increase with
basic slag @1/5® LR was further enhanced when it was
incorporated either with FYM or PM. Tncorporation of
FYM and PM caused a yield increase of 56.7 and 60.2%
respectively over the no lime and 19.6 and 22.3% over the
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only basic slag @ 1/5® LR treatment. Straw yield also
showed the similar trend of results. Significant increase in
grain yield of maize on liming even with 1/4% lime
requirement value were recorded [10]. Increase in yield
with higher doses of liming material was observed by
[11, 12, 13]. The relative order of performance of the
treatments was as follow: 1/5" LR (basic slag + PM @
3t'ha) > 1/5" LR (basic slag + FYM @ 5tha) > 1/5" LR
(basic slag) = 1/5" LR (calcite) > 1/10" LR (basic slag) >
1/10" LR (caleite) > and no lime. Results thus showed
that locally available organic resources like FYM and PM
would be effective in increasing the efficacy of basic slag
for increasing the productivity of wheat crop m acidic
Alfisols of West Bengal.

N, P and K content in wheat plants: Results (Fig. 1)
showed that liming caused significant increase in N
and P content of crop. Application of lime caused a
significant increase in N concentration in wheat plants.
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Table 4: Changes in soil acidity parameters [cmol (p*) kg™'] after harvest of wheat crop

Treatments pHw pHca EB AP* EBH' Total acidity Exchange acidity Hydrolytic acidity
Tnitial 51 4.4 0.20 0.14 1.76 0.34 1.42
No lime 52 4.5 0.18 0.12 1.66 0.31 1.35
BS /52 LR 6.0 5.6 0.04 0.05 0.84 0.09 0.75
BS I/10"LR 5.5 5.0 0.09 0.07 1.14 0.16 0.98
Ca /5% LR 6.1 5.9 0.03 0.04 0.56 0.07 0.49
Ca I/10" LR 57 52 0.07 0.07 1.05 0.14 0.92
BS 1/s® LR + PM 6.3 5.9 0.08 0.07 0.90 0.15 0.81
BS I/s® LR + FYM 6.2 58 0.07 0.06 0.89 0.13 0.76
Mean 58 53 0.10 0.08 1.10 0.17 0.94
Sen(E) 0.039 0.031 0.025 0.019 0.081 0.042 0.075
CD (P=0.05) 0.110 0.110 0.071 0.054 0.229 0.119 0.212
(Mean of fourteen experiments)
Table 5: Economics of lime application in wheat crop

Price of Yield Yield increased  Percent. Price of increased  Profit over check  Retum in per Re
Treatment lime (Rs) (qha ) * over check (q) response yield (Rs) (Rsha™) investment (B: C)
No lime 17.1 - -
BS I/S2 LR 1093 24.8 77 45.6 6223 5130 4.7
BS /10 LR 546 20.0 29 17.6 2366 1820 33
Ca1/5% LR 2352 23.2 6.1 35.7 4874 2522 1.1
Ca /10" LR 1176 18.7 1.6 9.4 1309 133 0.1
BS 1/5% LR + PM 1093 274 10.3 60.2 8240 7147 6.5
BS I/s® LR + FYM 1093 26.8 9.7 56.7 7760 6667 6.1

smean of 14 experiments, price of wheat @ Rs 8/- per kg, price of basic slag Rs 80/- per quintal, price of calcite (@ Rs 200/- per quintal

The mean increase of N concentration was 17.1 per cent
over the no lime. Such increase was higher with basic slag
than with calcite; the magnitude being 19.7 per cent and
11.8 per cent over the no lime respectively (Fig 1).
Concentration of N in wheat plants also varied depending
upon the levels of lime application. The concentration
was higher with higher dose LR 1/5® the magnitude of
increase being 22.4 and 9.2 per cent with LR 1/5" and LR
1/10" doses respectively. There was a significant increase
mn the concentration of N when the organic residues like
FYM and PM were incorporated with basic slag. The
magnitude of increase was 23.7 and 27.6 per cent with
FYM and PM respectively. Highest concentration of
N (0.97%) was observed in the treatment LR 1/5" basic
slag + PM. This mdicates a better nutrition of N nutrition
of wheat plants when acid soils are limed. Increase in
availability and plant uptake N was also reported by
Curtin and Smillie [14], Barade and Chavan [15] and
Raychadhury et al. [16]. Application of lime also caused
significant mcrease in P concentration (Fig. 1) in wheat
plants, the mean increase being 51.5 per cent over the
no lime. Such increase in P concentration on liming was
higher with basic slag than with calcite, the magnitude
being 65.9 and 19.7 per cent respectively. The application
of FYM and PM with basic slag caused a significant

increase in the concentration of P in plants. The results,
therefore, indicated that a better response of wheat
crop in respect of P nutrition was observed in limed soils
than in the unlimed soils. Increased P availability and
uptake by different crop plants upon liming was reported
by Patiram Rai and Prasad [17], and Mongia ez al. 18].
Application of lime did not show any specific trend
of mcrease or decrease in concentration of K (Fig. 1)
in wheat plants. The concentration of K was increased
to about 0.92 per cent in limed soils. Such increase n
concentration was higher when calcite and basic slag
were used at lower doses. Sigmficant ncrease m K
content of wheat was observed with the application of
organic mamures. Results thus indicated that liming
showed a mixed responses in K concentration by wheat
plants. Decrease in K availability on liming was also
observed by Prasad ef al. [19] and Dwived: [20].

Analysis of residual soils: Soil samples collected after
the harvest of wheat crop were analysed for different
soil properties viz., pH, pH.. OC and a few acid
parameters such as total acidity, exchange acidity and
hydrolytic acidity were also analysed to estimate the
changes that occurred upon liming. Results (Table 4)

showed that application of amendments caused
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significant increase in both pH, and pH.. The mean
magnitude of increase was 0.8 and 1.0 umt for pH,
and pH,, irrespective of doses and sources of lime
respectively. The mcrease was higher (0.9 umt) when
calcite 1/5® LR was used as compared to the magnitude
of increase (0.7 unit) with basic slag 1/5" LR. There are a
number of reports that addition of organic residues to
acid soil can reduce Al toxicity (thus lowering the lime
requirement) and mmprove P availability. Significant
increase in soil pH with the application of organic sources
was observed. During residue decomposition, there is a
transitory increase in soil pH and this induces a decrease
n exchangeable and soil solution alumimnium through their
precipitation as hydroxy-Al compounds. It also confers a
great negative charge on oxide surfaces and thus tends to
decrease P adsorption. Result of acid parameters (Table 4)
showed that there was a significant decrease in total
acidity, exchange acidity and hydrolytic acidity upon
liming. Marked decrease of exchangeable Al upon
liming at the rate of 25% of LR was observed by Prasad
et al. [10]. Increase m pH upon liming was also reported
by Datta and Gupta [21], Dhadwal et al. [22] and Prasad
et al. [19]. Results thus indicate that basic slag @1/5*
LR caused significant decrease in most of acid parameters
in soils.

Economics of lime application: The economics was
calculated only for the lime application, because the
motive of the research was only to see the effect of liming
materials with different doses over the No-lime treatment.
Results (Table 5) showed that there was a net benefit out
of application of lime. The benefit was more with basic
slag than with caleite. With the application of basic
slag @ 1/5™ LR the B:C ratio was 4.7 as compared to 3.3
with lower dose 1/10" LR. Benefit cost ratic with calcite
was 1.1 and 0.1 with @ 1/5® LR and 1/10® LR respectively.
There was further increase in grain yield when FYM
and PM were applied 1 combination of basic slag. Value
cost and benefit cost ratio was fairly higher when
slag was applied with PM followed by FYM.
Results thus showed that use of basic slag as a liming

basic

source was more economical as compared to calcite in
Alfisols of West Bengal. It has been mentioned earlier
that basic slag contains, in addition to Ca and Mg, good
amount of P, 81, Znand Cu. Since most of the Alfisols
of West Bengal are deficient to marginal in respect of
P, Zn and Si, such application of P, Zn and Si along
with Ca and Mg through basic slag helped to have a
better response and economics. This was more so
because of low cost of basic slag. Liming in Alfisols
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through basic slag will thus be a good avernue for
increasing  productivity of these other-wisely low

productive soils.
CONCLUSIONS

From the results it 1s revealed that use of basic
slag as a source of lime will be very much effective to
increase as well as to sustain the productivity of acid red
and lateritic soils of West Bengal. Results also revealed
that B:C ratio of basic slag 13 higher as compared to
calcite. So it will be highly acceptable and affordable to
the farmers of the area.
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