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ABSTRACT 

A field experiment was conducted to evaluate the effect of biochar with various sources of 

organic manures on soil organic matter and bulk density at Jamuniya-1, Nawalparasi from 

October 2015 to January 2016. The experiment was laid out in a Randomized Complete Block 

Design (RCBD) with 10 treatments i.e Control, biochar (100%), FYM (100 %), poultry manure 

(100%), vermicompost (100 %), biofertilizer (100%), biochar (50%) +FYM (50%), biochar 

(50%) + poultry manure (50 %), biochar (50%) + vermicompost (50 %), biochar (50%) + 

biofertilizer (50 %) replicated 3 times. Biochar was prepared from locally available rice husk 

under pyrolytic condition and applied in field together with other organic amendments before 15 

days of transplanting of cabbage seedlings. Analysis of primary nutrients of the organic manure 

and biochar was done and rate of manure was fixed on the basis of their nutrient content. Biochar 

applied with organic manures significantly increased the soil water holding capacity and reduced 

the soil bulk density. This study showed that organic manure applied with biochar improved the 

soil physical properties as compared to control. Biochar application provides an innovative 

method for handling excess organic wastes to sequester carbon and to improve soil health and 

plant productivity. 
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INTRODUCTION 

Biochar is a charred carbon-enriched material intended to be used as a soil amendment to 

sequester carbon and enhance soil quality. Biochar is produced from waste biomass using 

modern thermo chemical technologies. Addition of biochar to soil has many environmental and 

agricultural benefits, including waste reduction, energy production, carbon sequestration, water 
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resource protection, and soil improvement. Therefore, the use of biochar as a soil amendment is 

an innovative and highly promising practice for sustainable agriculture.  

The properties of biochar are the high surface area and porosity, low bulk density, nutrient 

content, high stability, high cation exchange capacity (CEC), neutral to high pH and high carbon 

content (Berek, 2014). These properties make it suitable as an soil amendment (Gwenzi et al., 

2015). Biochar has the potential to improve soil properties like water holding capacity, 

infiltration, soil aeration, root development, soil density, nutrient holding capacity, CEC and pH 

value (Downie & Van Zwieten, 2013; Atkinson et al., 2010; Chan et al., 2008a; Glaser et al., 

2002). By directly influencing soil structure, distribution of pore size and density of soil 

application of biochar in turn affects water holding capacity, aeration, soil workability and 

permeability (Downie et al., 2009; Novak et al., 2012, Brady & Weil, 2008).  

Bulk density of soil might decrease through addition of biochar, especially at high application 

rates, due to its relatively lower bulk density compared to mineral particles (Lehmann et al., 

2011; Brady & Weil, 2004; Alburquerque et al., 2014). Lei & Zhang (2013) confirm a decrease 

in soil bulk density and improved soil aggregate structure following biochar application, which 

led to increased total porosity in soil and increase in macropores and in turn to increased water 

content at low suction pressures. Moreover, decrease in soil bulk density following the 

application of biochar can positively influence root development and growth (Atkinson et al., 

2010; Laird et al., 2010).  

Nepalese farmers are resource poor and the use of costly inputs is beyond the reach of majority 

of small and marginal farmers as most cannot afford them or due to the unavailability of the 

inputs in time. Hence renewable and low cost sources of plant nutrients for supplementing the 

organic manures and chemical fertilizers should be substituted which can be affordable to the 

majority of farming community. 

The modality of biochar in its ability to act as an effective soil amendment is similar to the 

traditional “slash-and-burn” fertilization method, where Nepalese farmers remove the vegetation 

and release a pulse of nutrients to fertilize the soil. But the “slash-and-burn” practice has an 

unfavorable environmental reputation because it is associated with deforestation and air 

pollution. In contrast, biochar production under a controlled system may provide a higher yield 

and have fewer detrimental effects on the environment. These characteristics make biochar an 

exceptional soil amendment for use in sustainable agriculture, (Lehmann and Joseph, 2008; 

Verhejien et al., 2010).  Thus a field experiment was conducted to evaluate the effect of biochar 

and various sources of organic manures on different soil properties and yield of cabbage in 

Jaminiya, Nawalparasi from January 2015 to April 2015. 
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MATERIALS AND METHODS 

A field experimentation consisting of the 10 treatments i.e Control, Biochar (100%), FYM 

(100%), Poultry manure (100%), Vermicompost (100%), Biofertilizer (100%), Biochar (50%) 

+FYM (50%), Biochar (50%) +Poultry manure (50 %), Biochar (50%) +Vermicompost (50 %), 

Biochar (50%) +Biofertilizer  (50 %) and four replication was accomplished in the Jamuniya-1, 

Nawalparasi . The experiment was carried out in one factor RCBD with Four Replications. The 

site of the experiment research site was sandy loam in texture and slightly acidic ,Total nitrogen 

(0.069 %) and soil available phosphorous was found to be lower (48 kg/ha) .potassium (185.6 

kg/ha) and organic matter (1.57 %). The maximum and minimum temperatures and rainfall data 

during the cropping periods and historical weather records were collected from the National 

Climatic observatory of National wheat research Program, Bhairahawa. The soil physical 

properties and yield data obtaining from field experiment was analyzed with the M-Stat-C 

package and SPSS.  

RESULTS AND DISCUSSIONS 

1. Effect of treatments on bulk density and water holding capacity 

The bulk density had significant difference among all treatments. The bulk density of all 

treatment are presented in the Table 1. Control plots had highest bulk density which was at par 

with biofertilizer only, FYM only and vermicompost only. The grand mean of bulk density was 

found 0.886 gm/cm3. 

Control plots had highest bulk density and the plots treated with biochar only had the least bulk 

density compared to other treatments. Bulk density of soil might decrease through addition of 

biochar, especially at high application rates, due to its relatively lower bulk density compared to 

mineral particles (Lehmann et al., 2011; Brady & Weil, 2004; Alburquerque et al., 2014). Lei & 

Zhang (2013) confirm a decrease in soil bulk density and improved soil aggregate structure 

following biochar application, which led to increased total porosity in soil and increase in 

macropores and in turn to increased water content at low suction pressures. 

The effect of biochar and various organic manures on water holding capacity of soil after crop 

harvest is presented in Table 1. The grand mean of the water holding capacity was 25.580 %. 

Water holding capacity was found highest in plots with biochar only (29.790) which was 

significantly at par with Biochar 50 % + FYM 50% . 

Water holding capacity was found highest in plots with biochar only. (Uzoma et al., 2011).Laird 

et al. (2010) described that the biochar amended soil retained  15% more moisture contents as 
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compared controlled treatment. According to Tyron (1948), biochar application into the soil 

increased the water retention capacity of the soil but it is texture dependent. 

There is significantly increased in soil water retention capacity in case of sandy soil by biochar 

application but there little and no increased in loamy and clay soil respectively. Herath, Camps- 

Arbestain & Hedley (2013) described experimentally that biochar application increased the water 

retention capacity of the soil because it increase soil porosity and also due to adsorptive nature of 

biochar. Uzoma et al. (2011) said that there were hydrophilic functional groups present on the 

surface of the graphyne sheet of the biochar and also on the pores. 

 

Treatment Bulk density(gm/cm 3) Water holding capacity (%) 

Control 0.977a 22.020f 

Biochar only 0.770d 29.790a 

FYM only 0.930ab 24.570cde 

Poultry Manure Only 0.910b 23.520ef 

Vermicompost only 0.927ab 23.470ef 

Biofertilizer only 0.933ab 24.240def 

Biochar 50 %+FYM 50% 0.857c 27.860ab 

Biochar 50% +Poultry manure 50 % 0.850c 26.240bcd 

Biochar 50%+Vermicompost 50% 0.860c 27.510b 

Biochar 50%+Biofertilizer 50% 0.843c 26.620bc 

GM 0.886 25.580 

SEM± 0.016 0.715 

LSD0.05 0.048 2.125 

CV% 3.1 4.8 

Treatment means followed by common letter (s) within a column are not significantly different among the 
treatments (DMRT at 5 % level of significance). 

 

2. Effect of treatments on dry root weight and yield of cabbage 

The data on number of dry root weight of plant as influenced by biochar and organic manures as 

influenced by nutrient management practices at harvesting are presented in Table 2. In the 

experiment the plots treated with FYM only had the highest root weight (76.67 gm)  which was  

at par with poultry manure only, biochar only, biochar 50% + poultry manure 50%, biochar 50% 

+ FYM 50%, vermicompost only and biochar 50% + vermicompost 50%. 

The data on yield of cabbage as influenced by biochar and organic manures as influenced by 

nutrient management practices at different growth periods are presented in Table 2.The results 
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indicated that total head  yield per hectare was significantly influenced due to biochar and 

different sources of organic manures. 

In the experiment maximum yield was obtained from poultry manure(48557 kg/ha) which was  

at par with FYM only, biochar 50% +poultry manure 50 %, biochar 50 %+FYM 50% and 

vermicompost only. 

 

Treatment Head yield (Kg/ha) Dry root weight (gm) 

Control 26991f 45.67d 

Biochar only 33472ef 71.00ab 

FYM only 45604ab 76.67a 

Poultry Manure Only 48557a 76.00a 

Vermicompost only 41623abcd 68.67abc 

Biofertilizer only 37318cde 59.67c 

Biochar 50 %+FYM 50% 43673abc 71.00ab 

Biochar 50% +Poultry manure 50 % 44313abc 71.67abc 

Biochar 50%+Vermicompost 50% 39034bcde 67.33abc 

Biochar 50%+Biofertilizer 50% 35469de 64.00bc 

SEM± 2264.5 3.13 

LSD0.05 6728.3 9.30 

CV 9.9 15.70 

GM 39605 67.17 

Treatment means followed by common letter (s) within a column are not significantly different among the 

treatments (DMRT at 5 % level of significance). 

 

CONCLUSION 

The results found in the study revealed that there were improvements in soil physical with the 

application of biochar together with organic manures. Soil physical properties was improved in 

plots amended with biochar and organic manures compared to control. Based on the overall 

review of the results of the study it can be concluded that addition of biochar to soil would be 

imperative to increase soil fertility and yield of cabbage. Biochar not only addressed the soil 

reclamation but also the measure for environment conservation through carbon sequestration. 

Thus it can be concluded that biochar application provides an innovative method for handling 

excess organic wastes to sequester carbon and potentially improve soil and plant productivity 

which ultimately leads to sustainable soil management. 
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