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Title of the Research 

 

Interactive effect of lime, biochar and FYM on 

soil acidity indices under rice in acid Inceptisol 



Soil Acidity-  
World Scenario 
 

  Affects about 3.95 billion ha 
land area 

  At least 40%-70% of the 
world’s arable land is affected 
by it. 

  Total area affected by acidity 
throughout the world is: 

  Topsoil: approx.30% of total ice 
free land of the world. 

  Subsoil: approx. 75% of total 
ice free land of the world. 
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Source: USDA, NRCS, world soil resources, Washington, D.C. (2021) 



Problems in acid soils 

Low pH and high Al3+ concentration  

 limiting plant growth reduce plant nutrients uptake, root growth, shoot biomass and reduce 
growth of beneficial microorganisms 

 

 Biochar incorporation help to mitigate Al toxicity by decreasing soil exchangeable acidity, 
increasing basic cations and ultimately improving soil fertility. 

 

It has been shown that adding organic amendments to acid soils, such as biochar can 
enhance the soil fertility similar to lime application  
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Biochar 

• Biochar is the carbon-rich product obtained when biomass, such as wood, manures or leaves, is heated 
in a closed container with little or no available air in order to capture combustible gases. Biochar is 
produced by thermal decomposition of organic material under limited supply of oxygen called pyrolysis 
and at relatively low temperatures (<700°C) 

 

• In NER, 9.7 mt of crop residues are produced annually in this region  

        5-20 t/ha of weed biomass produced in this region (NEDFi, 2013) 

 

• Further, forest covers more than 60% of the land in the hill ecosystem of NE and lot of forest waste 
biomass is readily available for use in agriculture (Punia et al., 2008). 

 

• In Meghalaya, - 0.51 million t/yr residue generation (MNRE, 2009) 

                           - 0.09 million t/yr residue surplus (MNRE, 2009) 

                           - 0.10 million t/yr residue burned (Pathak et al., 2010) 

 

• There is a large scope in converting this on and off farm wastes into biochar. 
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Objectives: 

 
1. To determine the effect of lime, biochar and FYM on soil acidity indices under 

incubation studies 

2. To assess the influence of combination of amendments on soil acidity and fertility 

attributes with rice  

3. To study the growth, yield and nutrient uptake in rice under different treatment 

combinations 
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Objective 1 

Incubation study 

Experiment details:- 

Number of Treatment:  27 

Replications: 03 

Total no. of pots: 81  

Design: FCRD  

Soil weight: 3 kg   

Biochar: 3 doses (B0- Control, B1- 3.5 t ha-1, B2- 7 t ha-1) 

Lime: 3 doses (L0- Control, L1- 0.5 t ha-1, L2- 1 t ha-1) 

    Organic manure (FYM): 3 doses (F0- Control, F1- 1.25 t ha-1, F2- 2.5 t ha-1)  



Pot setup for Incubation Study 

Preparation of pots for the study 
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Table 1:- Effect of biochar, lime and FYM on pH, exch. Al, exch H., exch. Ca+Mg  of soil in incubation study 

Treatments pH Exch. Al {cmol (p+) kg-1} Exch. H {cmol (p+) kg-1} Exch. Ca+Mg  {cmol (p+) kg-1} 

B1 (control) 6.37 2.00 1.06 4.52 

B2 (@ 3.5 t ha-1) 6.85 1.47 0.84 5.07 

B3 (@ 7 t ha-1) 7.27 0.82 0.69 5.85 

S.E.(m)+ 0.06 0.02 0.02 0.03 

C.D (p<0.05) 0.17 0.08 0.05 0.08 

L1 (Control) 6.68 1.55 1.35 4.99 

L2 (@ 0.5 t ha-1) 6.84 1.46 0.94 5.16 

L3 (@ 1 t ha-1) 6.97 1.28 0.31 5.30 

S.E.(m)+ 0.06 0.02 0.02 0.03 

C.D (p<0.05) 0.17 0.08 0.05 0.08 

F1 (Control) 6.74 1.50 0.90 5.03 

F2 (@ 1.25 t ha-1) 6.76 1.38 0.90 5.18 

F3 (@ 2.5 t ha-1) 6.99 1.41 0.79 5.23 

S.E.(m)+ 0.06 0.02 0.02 0.03 

C.D (p<0.05) 0.17 0.08 0.05 0.08 
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Table 2:- Interactive effect of biochar, lime and FYM on pH of soil in incubation study 

Biochar (Control) Biochar (3.5) Biochar (7) 

Lime © Lime (0.5) Lime (1) Lime © Lime (0.5) Lime (1) Lime © Lime (0.5) Lime (1) 

FYM © 5.55 6.48 6.94 6.74 6.96 6.55 7.26 6.81 6.83 

FYM (1.25) 5.69 6.32 6.48 6.86 7.06 6.60 7.22 7.11 7.13 

FYM (2.5) 5.75 6.15 6.72 6.96 6.92 7.03 6.88 7.77 7.98 

Factors BXLXF 

S.E.(m)+ 0.189 

C.D (p<0.05) 0.537 
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Table 3:- Interactive effect of biochar, lime and FYM on exchangeable aluminium of soil in incubation study 

Biochar (Control) Biochar (3.5) Biochar (7) 

Lime © Lime (0.5) Lime (1) Lime © Lime (0.5) Lime (1) Lime © Lime (0.5) Lime (1) 

FYM © 2.23 1.92 1.95 1.84 1.49 1.39 1.10 0.88 0.71 

FYM (1.25) 1.93 1.90 1.76 1.63 1.46 1.27 0.96 0.86 0.67 

FYM (2.5) 1.85 2.53 1.91 1.54 1.37 1.29 0.90 0.74 0.55 

Factors BXLXF 

S.E.(m)+ 0.084 

C.D (p<0.05) 0.239 
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Table 4:- Interactive effect of biochar, lime and FYM on exchangeable hydrogen of soil in incubation study 

Biochar (Control) Biochar (3.5) Biochar (7) 

Lime © Lime (0.5) Lime (1) Lime © Lime (0.5) Lime (1) Lime © Lime (0.5) Lime (1) 

FYM © 1.47 1.38 1.27 1.23 0.90 0.77 0.54 0.34 0.19 

FYM (1.25) 1.47 1.32 1.26 1.59 0.87 0.70 0.48 0.28 0.17 

FYM (2.5) 1.44 1.45 1.12 0.94 0.83 0.60 0.40 0.22 0.13 

Factors BXLXF 

S.E.(m)+ 0.062 

C.D (p<0.05) 0.175 
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Table 5:- Interactive effect of biochar, lime and FYM on exchangeable calcium and magnesium of soil in 

incubation study 

Biochar (Control) Biochar (3.5) Biochar (7) 

Lime © Lime (0.5) Lime (1) Lime © Lime (0.5) Lime (1) Lime © Lime (0.5) Lime (1) 

FYM © 4.26 4.67 4.85 4.79 5.02 5.24 4.96 5.77 5.75 

FYM (1.25) 4.21 4.32 4.58 4.99 5.10 5.08 6.14 6.13 6.03 

FYM (2.5) 4.34 4.49 4.93 5.09 5.06 5.27 6.11 5.85 5.95 

Factors BXLXF 

S.E.(m)+ 0.085 

C.D (p<0.05) 0.240 
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Table 6 :- Effect of Biochar, lime and FYM on CEC, Acidity saturation, Exch.K,  Base saturation of soil in 

incubation study: 

Treatments CEC {cmol (p+) kg-1} Acidity saturation (%) Exch. K {cmol (p+) kg-1} Base saturation (%) 

B1 (control) 8.70 38.69 0.26 61.31 

B2 (@ 3.5 t ha-1) 11.39 21.95 0.36 78.05 

B3 (@ 7 t ha-1) 15.57 7.54 0.46 92.46 

S.E.(m)+ 0.25 0.46 0.01 0.46 

C.D (p<0.05) 0.72 1.32 0.03 1.32 

L1 (Control) 10.79 27.16 0.33 72.84 

L2 (@ 0.5 t ha-1) 12.23 22.76 0.35 77.24 

L3 (@ 1 t ha-1) 12.64 18.25 0.40 81.75 

S.E.(m)+ 0.25 0.46 0.01 0.46 

C.D (p<0.05) 0.72 1.32 0.03 1.32 

F1 (Control) 11.33 24.07 0.33 75.93 

F2 (@ 1.25 t ha-1) 11.68 22.42 0.37 77.58 

F3 (@ 2.5 t ha-1) 12.65 21.68 0.38 78.32 

S.E.(m)+ 0.25 0.46 0.01 0.46 

C.D (p<0.05) 0.72 1.32 0.03 1.32 14 



Table 7:- Interactive effect of biochar, lime and FYM on cation exchange capacity of soil in incubation study 

Biochar (Control) Biochar (3.5) Biochar (7) 

Lime © Lime (0.5) Lime (1) Lime © Lime (0.5) Lime (1) Lime © Lime (0.5) Lime (1) 

FYM © 8.53 8.64 9.36 9.42 10.21 11.98 13.62 13.76 16.42 

FYM (1.25) 8.67 8.74 9.15 9.76 11.20 12.76 13.97 15.21 15.67 

FYM (2.5) 7.90 8.50 8.82 10.82 12.44 13.94 14.37 21.41 15.67 

Factors BXLXF 

S.E.(m)+ 0.769 

C.D (p<0.05) 2.179 
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Table 8:- Interactive effect of biochar, lime and FYM on exchangeable potassium of soil in incubation study 

Biochar (Control) Biochar (3.5) Biochar (7) 

Lime © Lime (0.5) Lime (1) Lime © Lime (0.5) Lime (1) Lime © Lime (0.5) Lime (1) 

FYM © 0.20 0.24 0.29 0.33 0.37 0.38 0.39 0.35 0.42 

FYM (1.25) 0.20 0.26 0.29 0.32 0.40 0.38 0.43 0.53 0.51 

FYM (2.5) 0.23 0.27 0.32 0.33 0.36 0.36 0.50 0.34 0.69 

Factors BXLXF 

S.E.(m)+ 0.033 

C.D (p<0.05) 0.094 
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Fig 1:- Graphical representation of the effect of biochar, lime and FYM on CEC, pH, Exch. Al, Exch. H and 

Exch. Ca+Mg of soil in pot culture study: 
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Plant growth at 30 DAS  

Plant growth at 60 DAS  Plant growth at 90 DAS  19 



Table 37:- Interactive effect of biochar, lime and FYM on panicle length in pot culture study 

Biochar (Control) Biochar (3.5) Biochar (7) 

Lime © Lime (0.5) Lime (1) Lime © Lime (0.5) Lime (1) Lime © Lime (0.5) Lime (1) 

FYM © 12.47 13.19 13.80 14.97 15.79 16.34 19.04 18.75 21.30 

FYM (1.25) 12.58 13.34 14.30 14.33 16.49 16.95 17.72 20.43 23.71 

FYM (2.5) 12.94 13.55 14.13 14.99 15.81 17.92 18.98 23.14 24.15 

Factors BXLXF 

S.E.(m)+ 0.472 

C.D (p<0.05) 1.337 
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Table 38:- Interactive effect of biochar, lime and FYM on grains per panicle in pot culture study 

Biochar (Control) Biochar (3.5) Biochar (7) 

Lime © Lime (0.5) Lime (1) Lime © Lime (0.5) Lime (1) Lime © Lime (0.5) Lime (1) 

FYM © 23.63 28.15 35.17 39.36 49.48 49.78 46.83 62.34 57.56 

FYM (1.25) 26.59 30.21 34.77 46.29 45.96 48.14 57.28 53.46 54.92 

FYM (2.5) 27.42 33.28 42.31 44.83 46.22 51.32 55.90 49.24 58.67 

Factors BXLXF 

S.E.(m)+ 1.264 

C.D (p<0.05) 3.584 
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Table 39:- Interactive effect of biochar, lime and FYM on number of panicles per hill in pot culture study 

Biochar (Control) Biochar (3.5) Biochar (7) 

Lime © Lime (0.5) Lime (1) Lime © Lime (0.5) Lime (1) Lime © Lime (0.5) Lime (1) 

FYM © 2.00 2.00 2.00 2.00 3.00 4.00 3.00 3.00 4.00 

FYM (1.25) 2.00 2.00 3.00 4.00 3.00 4.00 5.00 3.00 5.00 

FYM (2.5) 3.00 3.00 3.00 3.00 4.00 4.00 5.00 5.00 5.00 

Factors BXLXF 

S.E.(m)+ 0.058 

C.D (p<0.05) 0.164 
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Fig 6:- Graphical representation of the effect of biochar, lime and FYM on plant height, panicle length, 

panicle/hill and grain/panicle of soil in pot culture study: 
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Table 40:- Effect of biochar, lime and FYM on grain and straw yield of  rice 

Treatments Grain yield (gm/pot) Straw yield (gm/pot) 

B1 (control) 17.85 21.22 

B2 (@ 3.5 t ha-1) 23.92 28.40 

B3 (@ 7 t ha-1) 29.70 34.60 

S.E.(m)+ 0.13 0.16 

C.D (p<0.05) 0.36 0.47 

L1 (Control) 21.79 25.90 

L2 (@ 0.5 t ha-1) 23.89 28.19 

L3 (@ 1 t ha-1) 25.80 30.13 

S.E.(m)+ 0.13 0.06 

C.D (p<0.05) 0.36 0.47 

F1 (Control) 23.23 27.44 

F2 (@ 1.25 t ha-1) 23.80 28.23 

F3 (@ 2.5 t ha-1) 24.45 28.54 

S.E.(m)+ 0.13 0.06 

C.D (p<0.05) 0.36 0.47 24 
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Fig 7:- Graphical representation of the effect of biochar, lime and FYM on grain yield in pot culture study. 

25 



Panicle length at harvesting  Grain yield  
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Table 41:- Interactive effect of biochar, lime and FYM on grain yield in pot culture study 

Biochar (Control) Biochar (3.5) Biochar (7) 

Lime © Lime (0.5) Lime (1) Lime © Lime (0.5) Lime (1) Lime © Lime (0.5) Lime (1) 

FYM © 14.93 16.51 19.52 21.58 22.19 25.28 28.14 29.68 31.26 

FYM (1.25) 15.69 17.90 19.78 21.22 22.90 26.94 28.52 30.15 31.06 

FYM (2.5) 16.77 19.16 20.38 21.49 26.47 27.24 27.79 30.01 30.72 

Factors BXLXF 

S.E.(m)+ 0.384 

C.D (p<0.05) 1.088 
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Table 42:- Interactive effect of biochar, lime and FYM on straw yield in pot culture study 

Biochar (Control) Biochar (3.5) Biochar (7) 

Lime © Lime (0.5) Lime (1) Lime © Lime (0.5) Lime (1) Lime © Lime (0.5) Lime (1) 

FYM © 18.43 21.03 22.87 24.06 27.01 28.82 30.93 34.89 38.96 

FYM (1.25) 18.41 20.60 22.75 26.42 29.10 31.78 33.56 35.41 36.08 

FYM (2.5) 20.11 21.50 25.30 26.71 29.92 31.76 34.50 34.25 32.84 

Factors BXLXF 

S.E.(m)+ 0.494 

C.D (p<0.05) 1.402 
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Conclusions  

• Application of biochar, lime and FYM enhanced the pH, base saturation, CEC, 

exchangeable Ca+2+Mg+2, exchangeable potassium and available nutrient 

content of post harvest soil while it reduced the exchangeable acidity, 

exchangeable aluminium and exchangeable hydrogen under incubation study. 

 

• Combined application of biochar, lime and FYM significantly enhances plant 

growth, yield and yield attributes, nutrient concentration and uptake by rice. 

 

• Also, application of biochar, lime and FYM improves the soil health for crop 

growth by enhancing pH, base saturation, CEC, exchangeable Ca+2+Mg+2, 

exchangeable potassium and available nutrient content under pot culture study. 

 

• As observed from outcome of the investigation, combined application of 7 t ha-1 

biochar + 2.5 t ha-1 FYM + 1 t ha-1 lime may be recommended for getting better 

yield of rice and for improving health of acidic soil of Meghalaya.  
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