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Abstract. Biochar improves soil quality physicochemical. Biochar is a soil amendment created 
through the burning of biomass, has a potential solution for wide-ranging environmental management 
problems. Biochar has been shown to have positive outcomes on soil function to sequester carbon to 
slow the effects of global climate change. The objective of this research was to study the impact of 
compost biochar in increasing rice yields in tropical swampland. The design used in this study was a 
randomized block design, including (1) biochom 1 (without harvest waste compost + without biochar 
rice husk), (2) Biochom 2 (harvest waste compost 5 t/ha), (3) biochom 3 (rice husk biochar 5 t/ha), (4) 
biochom 4 (a combination of harvest waste compost 2.5 t/ ha + rice husk biochar 2.5 t/ha). The results 
showed that application of biochom 4 (a combination of harvest waste compost 2.5 t/ha + rice husk 
biochar 2.5 t/ha) increased of rice yield reached 15.21% compared to biochom 2 treatment (compost 
harvest waste 5 t/ha) and reached 17.78% with biochom 3 treatment (rice husk biochar 5 t/ha), compost 
without biochar treatment. 
 
 

1 Introduction 
 
Indonesia has the most abundant swampland in the 
tropics with sediment consisting of mineral soil, peat 
soils, or a combination of both. Of the total area of 
swampland in Indonesia, around 19.99 million ha is a 
potential land that can be used as agricultural land, 
while the remaining 14.93 million ha is not possible to 
be developed into agricultural land [1]. Acid sulfate 
soils are often found in coastal areas that are still 
affected by tides with high iron content, so it is very 
acidic [2]. The characteristic of acid sulfate soils is the 
presence of sulfuric horizons which generally contain 
large amounts of iron which causes soil pH to decrease 
to ≤ 3 [3,4]. Land under these conditions is classified 
into an actual acid sulfate soils with the Entisol order 
[5,6]. Sulfide minerals such as pyrite and sulfur 
elements resulting from the sulfur sediment reduction 
process are elements forming acid sulfate soils that are 
oxidized when pyrite is exposed to the surface due to 
drainage or earth movement [7]. 

The process of forming pyrite is influenced by 
several factors such as (1) the presence of soluble 
sulfate originating from seawater or brackish water with 
a concentration of > 10 mg/L, (2) availability of organic 
matter, (3) anaerobic environment, (4) the presence of 
sulfate-reducing bacteria, (5) availability of active iron 
contained in soil sediments [6,8]. The sustainability of 
agriculture on acid sulfate soil depends on its 
management. One of the environmentally friendly 
management efforts in increasing soil productivity is 
utilizing local organic material. Banjar farmers have a 
traditional way of preparing land for rice cultivation 
through managing fresh organic content in anaerobic 
conditions (flooded) through a series of management 

processes known as Tajak-Puntal Balik-Hampar 
(trowel-puntal-turn over-spread) [9]. The existence of 
organic material in swampland has a function to 
maintain the atmosphere of reduction so that pyrite 
oxidation can be suppressed [10]. Microbial respiration 
in the soil is related to the oxidation-reduction process 
which affects the potential value of redox (Eh) and is an 
indicator of the biogeochemical process in acid sulfate 
soils. This potential value indicate the oxidative and 
reductive conditions of the land. 

Biochar is a porous wood charcoal substance, 
often also called charcoal or agri-char because it comes 
from living things we call charcoal. Biochar can slowly 
release carbon and nitrogen and influence microbial 
activity, thereby improving soil properties [10]. In the 
soil, biochar provides suitable habitat for soil microbes 
such as bacteria that help in the breakdown of nutrients 
so that these nutrients can be absorbed by plants, but 
not consumed like other organic materials [11]. The 
addition of biochar is effective in holding back the loss 
of nutrients due to leaching and retention of P. Besides, 
biochar can also be an excellent growing medium for 
various soil microbes. The purpose of this study was to 
examine the effect of BIOCHOM (biochar compost) on 
rice yields in acid sulfate soil. 
 
 
2 Materials and Methods 
 
This research was carried out in acid sulfate soil in B 
type, with pyrite depth > 100 cm in Puntik Tengah 
Village, Mandastana District, Barito Kuala Regency, 
South Kalimantan. The condition of the water system at 
the study site was controlled with a one-way flow 
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system. The design used in this study was a randomized 
block design with the following treatments: 
 
1. Biochom 1 (without harvest waste compost + 

without rice husk biochar) 
2. Biochom 2 (harvest waste compost 5 t/ha) 
3. Biochom 3 (rice husk biochar 5 t/ha) 
4. Biochom 4 (a combination of harvest waste 

compost 2.5 t/ha + rice husk biochar 2.5 t/ha 

The nursery was carried out outside the plantation 
business area to save time, and the seedlings were 
maintained between 20-25 days in the nursery. The plot 
size was 4 m x 5 m. The recommended dosage of NPK 
fertilizer was based on soil nutrient status. Fertilizer N 
(Urea) was given 3 times, at the age of 7 days after 
planting (HST) 1/3 part, then 2/3 part based on BWD 
(Leaf Color Chart). Whereas P (SP 36) and K (KCl) 
fertilizers were given at the beginning of growth. 
Observations were made on the chemical properties of 
the soil as well as the yield of dry milled unhusked rice 
(t GKG/ha).  
 
 
3 Results and Discussion 
 
3.1 Characteristics of soil chemical properties 
 
Soil enrichment of carbon through the addition of 
biochar had a positive effect on the characteristic of 
acid sulfate soils. This improvement consisted of 
increment of soil pH, total N, and available K. As a soil 
enhancer, biochar had durability in the soil. It could 
both improve the soil physicochemical properties and 
be a good carbon store. 
 
Soil pH. Giving two types of ameliorant material 
increased the value of soil pH (Figure 1). Soil pH in the 
treatment without ameliorant also increased. The 
increase in pH in the B1 (control) treatment was due to 
the effect of submergence which makes the soil 
condition quite reductive, thereby encouraging the 
reduction of Fe3+. There was a significant negative 
correlation of r = -0,856 between the redox potential 
value and ferrous iron (Fe2+) concentration [1]. Under 
moderate acidity conditions, FeOH would dissolve to 
Fe2+, whereas Fe3+ would be dominant in very oxidative 
conditions with a redox potential value > 400 mV and 
pH < 2. The stable form of iron was in the form of Fe2+. 
However, the highest increase in the final soil pH value 
was shown in the B3 treatment (rice husk biochar 5 
t/ha) which was reached pH 4.37. This was related to 
the role of biochar in increasing low soil pH values. The 
pH value of the biochar was highly dependent on the 
temperature of pyrolysis and the age of the biochar used 
[12]. The pH value of biochar was in the range of pH 11 
if the charcoal was still fresh (not weathered) and the 
temperature of pyrolysis was more than 450-500 °C. If 
the char had been weathered and exposed during and 

after the pyrolysis process, the pH value of the charcoal 
would be in the pH range of 5-8. 
 

 
Figure 1. Changes in the soil pH by treatment of 

biochar compost ameliorant. 
 

Total N content of the soil. The total N content of the 
soil tended to increase even though it was not 
significantly different in the treatment of biochar and 
compost, except in the control treatment. The total N 
content in the control treatment decreased due to loss of 
NO3- after several days of flooding due to the 
denitrification process. It could produce nitrogen gas 
(N2), which reduced nitrates due to the reduced redox 
potential of the soil. The decreased in total N content of 
the soil would be followed by an increase in Fe2+ soil 
concentration. An increase in total N content of the soil 
was seen in B2 treatment because the addition of high-
quality organic material would encourage an intensive 
ammonification process. It was supported by highly 
reductive soil conditions (low redox potential of the 
soil) which would increase the availability of NH4+. 

 
Figure 2. Changes in the soil total N content by 

treatment of biochar compost ameliorant 
 

Available K content. Biochar addition as ameliorant 
increased the available K content in acid sulfate soils. 
This was related to the role of biochar in nutrient 
retention compared to compost or other organic 
materials. Biochar was more persistent in the land than 
other organic materials, so all the benefits associated 
with nutrient retention and soil fertility could run longer 
than other forms of organic matter that were normally 
given. Potassium, K, could be lost through washing or 
lost with drainage water. The presence of biochar in 
swamplands could retain K nutrients so that they would 
not be able to disappear with drainage water. 
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Figure 3. Changes in the soil available K content by 

treatment of biochar compost ameliorant 
 

3.2 Plant growth 
 
The highest plant height was shown in B2 treatment 
which reached 118.5 cm followed by B3 treatment of 
116 cm (Figure 4). This was because the addition of 
compost and biochar ameliorant would increase nutrient 
N (Figure 2). The most crucial role of N elements in 
plants was as a constituent or as an essential ingredient 
of protein and the formation of chlorophyll. Hence N 
had the function of making plant parts became greener 
which contained a lot of green grains, accelerated plant 
growth, and increased plant height and number of tillers 
(Figure 5). Besides, N could increase leaf and grain 
size, improve crop and grain quality, increase rice 
protein content and percentage of filled grain content, 
provide food for microbes (microorganisms which work 
to destroy organic material in the soil) [13].  
 

 
Figure 4. Rice plant height by treatment of biochar 

compost ameliorant. 

 
Figure 5. Number of tillers by treatment of biochar 

compost ameliorant. 
 

3.4 Rice yield 
 
The highest grain yield was shown in the B4 treatment, 
which reached 3.71 t/ha, and the lowest was 
demonstrated in the B1 treatment (control), which only 
reached 1.85 t/ha. This was because the biochar and 
compost addition was able to increase nutrient content. 
The use of nutrients was also optimal because the 
process of releasing the nutrients was slowly. The 
nutrient elements which had an essential role in the 
growth and production of rice plants were N, P, and K 
[14]. The content of N in urea fertilizer CO(NH2)2 was 
46%. Urea could be directly utilized by plants, but 
generally in the soil would be converted into 
ammonium and nitrate through the process of 
ammonification and nitrification by soil bacteria. 

 
Figure 6. Rice yield by treatment of biochar compost 

ameliorant. 
 

 
4 Conclusions 
 
Biochar compost treatment could improve the acid 
sulfate soil physicochemical properties and rice growth. 
The combination of biochar compost treatment gave the 
highest dry grain yield reaching 103.8% compared to 
compost treatment only increased grain yield by 76.9% 
compared to control treatments (without biochar and 
compost). 
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