
Int. J. Agron. Agri. R. 

 

Habieb et al.                                                                                                                            Page 1 

 

 

RESEARCH PAPER                                                                                   OPEN ACCESS 
 

The effect of biochar and cowmanure to increase soil fertility in 

entisol Darussalam 

 

Muhammad Habieb*1, Zaitun2, Sufardi3 

 
1Department of Agroecotechnology, Faculty of Agriculture, Syiah Kuala University, Indonesia 

2Department of Agrotechnology, Faculty of Agriculture, Syiah Kuala University, Indonesia 

3Department of Soil Science, Faculty of Agriculture, Syiah Kuala University, Indonesia 

Article published on August 04, 2018 

Key words: Biochar, Soil amendment, Legume, Cow manure, Entisol 

Abstract 
 
The availability of fertil land for agriculture was the main factor to support the cultivation activity. The utilization 

of dryland in Indonesia did not optimise yet especially in Aceh. The solution to support the utilization of dryland 

and improve soil fertility especially Entisol that dominated in Aceh through application biochar and cow-manure. 

The research was conducted in Campus Experimental Site The ACIAR Project from April to October 2017. The 

randomized complete block design with 2 factors and 3 replications used in the experiment. The first factor was 

kinds of biochar with some rates (rice husk biochar: 0 t ha-1; 2.5 t ha-1; 5 t ha-1, and cocopeat biochar: 0 t ha-1; 2.5 t 

ha-1; 5 t ha-1) and the second factor was cow manure with some rates (0 t ha-1; 2.5 t ha-1; 5 t ha-1). The result 

showed that the kinds of biochar with some rates were effected to soil pH and ratio C:N soil. The used of rice husk 

biochar 5 t ha-1 was the optimum rate to improved soil pH Entisol. 
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Introduction  

Agriculture field in Indonesia does not use optimiselly 

and dryland is one of that. The optimising of dryland 

has a big potential for agricultural sector. 

International Institute of Rural Reconstruction 

(2002) in Managing Dryland Resources book said the 

dryland related to precipitation, rain times, rain in a 

year, vegetation, and field utilization. According to 

Abdurachman et al. (2008), dryland in  agriculture 

concept is an agroecosystem which has a big potential 

to cultivation activity, horticultures (vegetables and 

fruits), crops, annual plant, and livestock. Aceh 

Province in the fourth position category for 

temporary dryland did not use which is higher than 

Riau with the total around 437.518 ha. The temporary 

dryland did not use in Aceh was natural resources 

with high potential to use optimally in cultivation 

activity. Food security in Indonesia is unstabil yet so 

the utilization of dryland has a good potential to 

provide it. Some soil ordo develop in dryland and one 

of the ordo is Entisol. Entisol physical-chemical 

properties according to Tan (1986) have the low 

agregation, vulnerable to erosion, and low nutrients. 

Subagyo et al. (2000) said Entisol in Aceh Province 

around 870.000 ha and Ultisol around 700.000 ha 

and spread in North Aceh with low topography and 

low organic matter content. 

 

According to Suriadikusumah et al. (2011) in Aceh 

Besar disctrict there were many soil ordos and Entisol 

around 34.529 ha. The soil analysis of Entisol in 

Krueng Raya sub-district has done by Muyassir et al.  

(2012) showed that the soil chemical properties with 

some characteristics were low, soil pH 6.22%-5.64% 

(rather acid), organic C 1.12% (low), total N 0.11% 

(low), available P 4.42 ppm (low) so the improvement 

needed to increase Entisol fertility. The inorganic 

fertilizer application and maximize agriculture 

activity without improvement or giving input to 

increasing soil quality (soil physical, soil chemical, 

and soil biology) will giving negative impact to soil 

ecosystem, soil fertility, and soil health. Organic 

matter like biochar and cow manure application were 

one of the solution to increase soil fertility. Biochar 

according to Lehman and Joseph (2009) was charcoal 

by-product throughbiomass product combustion like 

wood, manure, leaves, and organic litter which can 

used as the raw material.  

 

Biochar known as carbon sequestration, reduced 

green house effect, and improved soil fertility 

(Lehmann et al., 2006). Biochar content 90% carbon 

and depends on the raw material (Chan and Xu, 

2009). Biochar also increase soil fertility, soil quality, 

soil pH, water holding capacity, and soil CEC. Rice 

husk biochar used in agriculture activity and research 

about the impact of using rice husk biochar to soil 

quality is very wide. So the experiment about the 

effect of biochar application in dryland to increase 

soil fertility in Entisol was needed.   

 

Materials and methods 

Experimental site 

Soil ordo in Campus Experimental Site The ACIAR 

Project (50 34’ 4,4” N:950 22’ 36” E) Agriculture 

Faculty, Syiah Kuala University was Entisol with class 

texture was sandy loam and soil class was coarse. The 

rain during experimental activity from April to 

October 2017 was 5 mm. In 2016 soil sample taken in 

some points to analyzed chemical properties. In the 

first experimental activity the land was tillaged used 

tractor so the soil will loose and grass population 

decrease. The size of land that used in the experiment 

was . Each plot size was 

, width of drainage was 40 cm and 

depth was 20 cm. After that, each plot was applicated 

N fertilizer with dose 22.5 g plot-1. The experimental 

arranged in a randomized complete block design with 

2 factors and 3 replications. The first factor was kinds 

of biochar with some rates (rice husk biochar: 0 t ha-1; 

2.5 t ha-1; 5 t ha-1, and cocopeat biochar: 0 t ha-1; 2.5 t 

ha-1; 5 t ha-1) and the second factor was cow manure 

with some rates (0 t ha-1; 2.5 t ha-1; 5 t ha-1). 

 

Biochar production 

The raw material for biochar was used dry rice husk 

and dry cocopeat. Rice husk was got from centre of 

rice mill in Tungkop village, Aceh Besar district, 

Indonesia. Cocopeat was got from Syiah Kuala sub-

district, Banda Aceh, Indonesia. 
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Each raw material filled in the drum with volume 

224.46 L. Then, the raw material was burned from the 

above as the source of fire so whole of raw material 

will combustion. The fan in the below side of drum 

was switched on and closed tightly. 

 

The rice husk raw material was needed around 50-60 

minutes to burned and cocopeat raw material was 

needed 60 minutes more which the processing time 

depends on the kinds of raw material. Before biochar 

was out from the drum, the temperature was needed 

to measured use thermocouple thermometer 

(BARNANT 100). After the combustioned was done 

biochar watered soon to prevent become ash.  

 

If the biochar was wet, it must dried below the sun 

untill the biochar was enough dry. The dry biochar 

was took a little as the sample to analysis the 

elements of biochar used Energy Dispersive Analysis 

(EDS) at Laboratory of Physical UNIMED, Medan, 

Indonesia. 

 

Soil amendment application 

Biochar and cow manure were soil amendment. 

Before the application, biochar and cow manure were 

scaled with rate per plot (0 t ha-1; 0 kg ha-1; 2.5 t ha-

1;1.1 kg ha-1;5 t ha-1; 2.3 kg ha-1) and applicated in line 

each plot 2 weeks before peanut planted. Cow manure 

was analyzed and contained total N 0.53%, organic C 

5.51%, and available P 3.35%. 

 

Planting 

Each plot was applicated biochar and cow manure 2 

weeks before peanut planted. It was aimed to 

homogenity the soil amendments and soil in 

experimental site. The variety of peanut was Bima. 

The seeds were selected with the criteria was 3 seeds 

each pod. After that, the seeds were soaked for 30 

minutes and wrapped use moist fabric to break 

dormantion time. Then, the seeds were planted with 

the range , depth of planted 3 cm 

and 3 seeds each hole. 

 

Soil analysis 

When the peanut aged were 45 days after planted, the  

soil sample were taken each plot as much as 3 points 

sample diagonally use soil auger. 

The soil sample were wrapped use plastic bag and 

analyzed in BPTP, Banda Aceh, Indonesia. The 

chemical properties parameter for soil analysis were 

soil pH, ratio C:N (%), and available P (mg.kg-1 P2O5). 

Soil pH analyzed with mixtured 10 g dry soil and 25 

ml water destillated and homogenized use shaker for 

15 minutes and measured use pH meter (Lutron-pH 

208). Total carbon (%) analyzed use Walkley and 

Black method which organic C destroyed through the 

excess of oxidation calium bicarbonate because the 

addition of sulfate acid. Then, the excess of chromate 

and did not reduction by organic C will titrated use 

ferro solvent.  

 

The total nitrogen (%) analyzed with Kjeldhal method 

which changing organic N become ammonium N by 

sulfate acid heated in 3800 C and use Cu-sulfate + 

Selenim + Na-sulfate as the catalisator. Ratio C:N (%) 

was get with compare total C (%) and total N (%) 

data. P available (mg.kg-1 P2O5)analyzed use Bray I 

method which available P were extracted use NH4F 

solvent and HCl. Then, P were released and reacted 

use molybdic acid so the color will be blue and 

measured as P level spectrometry. 

 

Data analysis 

Soil data were analyzed use SPSS version 21 and next 

tested use Duncan’s New Multiple Range Test 

(DNMRT). 

 

Results and discussion 

The first soil analysis 

According to soil analyzed from Team Survey ACIAR 

in 2016 at Campus Experimental Site The ACIAR 

Project Syiah Kuala University known the soil ordo 

was Entisol with soil texture was sandy loam and soil 

class was coarse. In the Table 1 known the problems 

at Campus Experimental Site The ACIAR Project were 

organic C content, total N, total P, and CEC have 

criteria were low to very low and soil texture was 

sandy loam and need an improvment to increase 

Entisol fertility and productivity through application 

biochar and cow manure. 
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Table 1. Chemical properties at ACIAR experimental site campus. 

Parameters Value Criteria 

pH (H2O) 7,2-8,6 neutral-rather base 

Organic C (%) 0,74-1,54 low-very low 

Total N (%) 0,05-0,11 low-very low 

Total P (mg 100 g-1) 49-122 high-very high 

Total k (mg 100 g-1) 49-42 high-very high 

Available P(ppm) 28-85 high-very high 

Cation exchange(cmol kg-1) 

Ca 5,33-15,97 low-high 

Mg 3,51-6,27 High 

K 0,12-0,39 medium-low 

Na 0,08-1,60 high-very high 

Cation amount(cmol kg-1) 10,77-19,75 very high 

CEC(cmol kg-1) 9,42-14,57 Low 

Al-dd 0 very low 

H-dd 0,02-0,04 very low 

Base saturation(%) >100 very high 

Soil fertility status  medium 

 

Soil pH 

Kinds of biochar application (rice husk biochar and 

cocopeat biochar) and cow manure with some rates 

were effected significantly to soil pH in the kinds of 

biochar factor, but it didn’t effect significantly to cow 

manure factor and the interaction. Cocopeat biochar 

application with 2.5 t ha-1 effected significantly to all 

treatments except without treatment (0 t ha-1). 

 

Table 2. Rice husk biochar and cocopeat biochar EDS analysis. 

El Rice husk biochar Cocopeat biochar 

Unn.C Norm.C Atom.C Unn.C Norm.C Atom.C 

C 20.00 32.07 46.77 81.22 81.22 86.96 

O 14.40 23.09 25.28 14.00 14.00 11.25 

K - - - 2.87 2.87 0.94 

Si 27.96 44.83 27.96 1.14 1.14 0.52 

Cl - - - 0.52 0.52 0.19 

Mg - - - 0.25 0.25 0.13 

 

The application of rice husk biochar and cocopeat 

biochar mixtured cow manure with some rates level 

(0 t ha-1;2.5 t ha-1; 5 t ha-1) were effected significantly 

to the kinds of biochar factor and not effected 

significantly to cow manure factor and the 

interactions (Table 3). The rice husk biochar 

application with 5 t ha-1 has the soil pH is 7.15 

(neutral) and soil pH without rice husk biochar (0 t 

ha-1) was only 7.05 (neutral). 

The application of cocopeat biochar with 5 t ha-1 

caused the soil pH was 7.08 (neutral) and the control 

treatment was 6.94 (neutral).  

 

Biochar was soil amendment and many 

experimentals have done by some researchers to 

know the effect of biochar to soil fertility and 

improve soil physical, chemical, and biology 

(Kookana et al, 2011; Ogawa, 1987). 
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Table 3. Soil pH at 45 days after planted. 

Cow manure Kinds of biochar and rates Mean 

Rice husk biochar Cocopeat biochar 

0 t ha-1 2,5 t ha-1 5 t ha-1 0 t ha-1 2,5 t ha-1 5 t ha-1 

0 t ha-1 6,93 7,09 6,95 7,10 6,92 7,01 7,05 

2,5 t ha-1 6,77 6,81 7,13 6,78 6,77 7,10 7,01 

5 t ha-1 7,11 7,06 6,79 6,96 6,82 7,05 7,03 

Mean 7,05b 7,12b 7,15b 6,94ab 6,83a 7,08b  

Note: The number followed by the same letters was not significantly different from     DNMRT test of 5%. 

 Liang et al. (2006) said the biochar was able to 

improved CEC value, increased water holding 

capacity in sandy loam soil (Kammann et al., 2012), 

soil pH (Aciego and Brookers, 2008) and soil organic 

matter (Mitchell et al., 2015). Beside that, biochar 

application according to Preston and Schmidt (2006); 

Verheijen et al (2010) was able to hold the 

decomposition process for 10 to thousands years. Rice 

husk and cocopeat used as the main raw materials 

contained carbon, hydrogen, and another elements 

like silica in rice husk.  

 

Table 4. Ratio C:N Soil (%) at 45 days after planted. 

Cow manure Kinds of biochar and rates Mean 

Rice husk biochar Cocopeat biochar 

0 t ha-1 2,5 t ha-1 5 t ha-1 0 t ha-1 2,5 t ha-1 5 t ha-1 

0 t ha-1 17,63 11,88 14,14 13,34 12,97 11,69 13,61 

2,5 t ha-1 16,19 14,21 14,35 16,01 15,65 8,24 14,11 

5 t ha-1 9,15 16,37 13,19 21,07 11,49 11,52 13,80 

Mean 14,32ab 14,15ab 13,89ab 16,80b 13,37ab 10,49a  

Note: The number followed by the same letters was not significantly different from     DNMRT test of 5%. 

According to EDS analyzed (Table 2), rice husk biochar 

was contained 46.77% C, 27.96% Si, and 25.28% O. The 

cocopeat biochar was contained 86.96% C, 11.25% O, 

0.94% K, 0.52% Si, 0.19% Cl, and 0.13% Mg. Silica in 

rice husk around 14-25% and the content of Si depends 

on the variety of paddy, climate, and soil type 

(Chandrasekhar et al., 2005). Shen et al. (2014) said 

when the combustion of rice husk untill become 

biochar, the contents of Silica increase 60% and carbon 

contents increase 10 to 40%.  

 

The availability of silica, carbonate, and bicarbonate 

in biochar was able to increase soil pH. Chintala et al. 

(2014) said biochar was contained high carbon and 

others elements like phenolic, carboxyl, and hydroxyl 

at the surface of biochar so able to fixatation H+ ion 

from soil solvent and decrease the concentration of 

H+ion so the soil pH increased. 

The increasing of soil pH was related to carbon 

availability from biochar as the souce of organic 

matter to decomposition process by soil microbe. 

 

Ratio C:N (%) 

Ratio C:N as the soil chemistry quality was measured 

(Table 4). The application kinds of biochar (rice husk 

biochar and cocopeat biochar) and cow manure with 

some of rates was effected significantly to ratio C:N in 

kinds of biochar factor, but it’s not effected  

significantly to cow manure factor and the 

interactions. The application of rice husk biochar 5 t 

ha-1 showed the soil ratio C:N was 10.49 (low). Ratio 

C:N was meant as the level of decomposition organic 

matter by decomposer. The excessevie of carbon 

availability from rice husk biochar and cocopeat 

biochar become the food for soil macro-

microorganisms. 
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The carbon availability as the organic matter was 

break down and contained carbon, hydrogen, oxygen, 

nitrogen, and phosphate. The decomposer were 

involved in decomposition process was fungi and 

bacteria according to Persson et al. (1980). Ratio C:N 

from this experimental in the low category and it 

means that the organic matter degradation process 

faster so plant can use as nutrient. But it is not good if 

the ratio C:N category was high, because it was meant 

that the organic matter degradation was low and 

plant can not absorb as nutrient.  

 

Table 5. Available Soil P (mg.kg-1 P2O5) at 45 days after planted. 

Cow manure Kinds of biochar and rates Mean 

Rice husk biochar Cocopeat biochar 

0 t ha-1 2,5 t ha-1 5 t ha-1 0 t ha-1 2,5 t ha-1 5 t ha-1 

0 t ha-1 19,43 17,74 19,33 18,04 16,51 21,31 18,73 

2,5 t ha-1 17,86 18,19 18,10 18,18 19,63 21,24 18,87 

5 t ha-1 19,25 19,38 20,19 19,94 18,51 17,78 19,18 

Mean 18,85 18,44 19,20 18,72 18,22 20,11  

 

Soil P Available (mg.kg-1 P2O5)  

The application kinds of biochar (rice husk biochar 

and cocopeat biochar) and cow manure with some 

rates didn’t show the significant effect to soil P 

available and the interaction also (Table 5). The 

highest soil P available caused by cocopeat biochar 

and rice husk biochar application with dose 5 t ha-1. 

The soil P available from rice husk biochar 

application was 19.20 ppm (medium) and cocopeat 

biochar was 20.11 (medium). P is one of the limited 

factor for plant growth but it’s not mobile element. 

The soil microorganisms activity help the changes of 

P anorganic become P organic to absorb nutrient P 

available in and form for plant and 

correlate with P immobilisation in the soil. 

 

Conclusion  

The application kinds of biochar with some rates was 

significantly effected to soil productivity like soil pH 

and soil ratio C:N. The application of rice husk 

biochar with   5 t ha-1 was the best dose to increase 

soil pH in Entisol.  
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