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ABSTRACT 
 
Acid sulphate soils are identical to the presence of pyrite, low soil pH and nutrient deficiency. Sulfate Reducing Bacteria 

application is hoped can reduce the use of lime in increasing acid sulfate soils fertility and increase the growth of corn plants. 

This study aims to identify the effect of sulfate-reducing bacteria and ameliorants on pH, C-organic and corn plant height.The 

research was conducted in the Greenhouse and Soil Laboratory of the Faculty of Agriculture, Universitas Sumatera Utara, using 

a randomized block design with 2 factors. The first factor is sulfate reducing bacteria, namely B0 = without bacteria application 

(Control), and B1 = sulfate reducing bacteria application. The second factor is soil ameliorant application, namely P0 = no 

ameliorant (control); P1 = Oil Palm Empty Fruit Bunches (OPEFB) organic material; P2 = OPEFB organic matter + NPK 

fertilizer; P3 = CaCO3 + NPK fertilizer with 4 replications. The analysis results showed that sulfate-reducing bacteria could 

increase soil pH but did not increase soil C-Organic content. Meanwhile, soil ameliorants increase soil pH and plant height. The 

interaction of sulfate-reducing bacteria and CaCO3 (ameliorant) + NPK fertilizer was able to increase soil pH by 7.07. 
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INTRODUCTION 

 
Swampland has an important role in agriculture development. There is around 12 million ha of acid sulphate soils 

around the world, and 1.5 million ha of them are in Indonesia. The development of acid sulphate soils has several 

constraints including high soil acidity. Oxidation of phyrite compound increases soil acidity and the solubility of 

Fe2+. Fluctuated and unpredictable water flooding cause low water quality as discussed by Nurzakiah [1]. The 

problem with acid sulphate soils is the presence of a pyrite layer which, when oxidized, will cause the soil pH to 

drop dramatically. In an aerobic atmosphere, pyrite becomes unstable because it reacts with oxygen in the air. The 

oxidation reaction of pyrite with oxygen runs slowly and is accelerated by the presence of 

Thiobacillusferrooxidans bacteria. Balai Besar Penelitian dan Pengembangan Sumberdaya Lahan Pertanian [2] 

said the oxidation reaction results are Fe3+ and SO42- which when dissolved, will produce H+ ions and cause 

Al3+ solubility which is toxic to plant roots. 

 

Water management plays a key role in improving the quality and productivity of ASS. In flooded condition, Fe2+ 

concentration will increase which may reach toxic levels to plants such as rice. On the other hand, with soil 

drainage, the pyrite will be oxidized leading to soil acidification. Optimum agricultural management  
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practices are required to leach the excess Fe2+ and to prevent or minimize loss of P from the soil to obtain 

conditions favourable for rice growth as discussed by Fahmi et. Al [3]. Improvement of acid sulphate soil problems 

generally is done through liming, but its utilization requires high costs. Therefore, an alternative effort is needed 

to reduce the problem in acid sulfate soils, namely by using sulfate-reducing bacteria. The results of research by 

Sihombing et. al. [4] showed that LK4 bacteria application, isolated from Toba Pulp Lestari paper sludge waste 

with 110% field capacity increased plant dry weight significantly. Sulfate-reducing bacteria application and 

increasing soil water content can increase the pH of acid sulphate soil and reduce soil sulfate content. This study 

aims to identify the effect of sulfate-reducing bacteria and ameliorant applications and also their interaction on 

soil properties and the growth of corn on acid sulfate soils. Acid sulphate soil is generally used as rice fields 

because in flooded land pyrite will not be oxidized. This acid sulphate land has the potential to be used as a food 

production area, due to its very wide availability but not yet able to be utilized optimally. Therefore, it is hoped 

that the use of sulfate-reducing bacteria can increase plant commodities that can be planted, such as secondary 

crops and annual plants.  The objective of the present study was to study the effect of sulfate-reducing bacteria 

and ameliorant applications on the dynamic of soil pH and C-Organic and the growth of corn on acid sulfate soils. 

 

MATERIAL AND METHODS 

 
This research was conducted in greenhouses and soil laboratories, Faculty of Agriculture, Universitas Sumatera 

Utara, Medan. This research used a factorial randomized block design with 2 factors. The first factor was sulfate-

reducing bacteria, namely B0 = without bacteria application (control), and B1 = sulfate-reducing bacteria 

application with a population of ≥108cfu/ml. The second factor is soil ameliorant, namely P0 = without ameliorant 

(control); P1 = 120 g OPEFB/8 kg of soil; P2 = 120 g OPEFB + (1.2 g urea + 1.1 g SP36 + 0.65 g KCl)/8 kg of 

soil; P3 = 30 g CaCO3 + (1.2 g urea + 1.1 g SP36 + 0.65 g KCl)/8 kg of soil with 4 replications.The parameters 

observed were plant height (cm), soil pH (electromagnetic method 1:25) and soil C-organic (Walkley and Black 

method). The mean difference test used the Duncan Multiple Range Test at α 5% level. During the research, soil 

moisture was maintained at 110% field capacity. 

 

The soil used is included in the actual acid sulphate type inceptisol, which comes from the plantation of PT. 

Mopoli Raya KebunPayaRambe II, Seruway Sub-district, Aceh Tamiang District. Soil is taken at a depth of 20 - 

40 cm, and there is a layer of pyrite.  

 

The Amelioran used is compost of oil palm empty fruit bunches (OPEFB), calcite lime (CaCO3), urea fertilizer, 

SP36 and KCl. Before the application, sulfate-reducing bacteria were inoculated into sterile compost weighing 

120 g. Sulfate-reducing bacteria isolates with a population of ≥108 CFU/ml were inserted into compost as much 

as 20% of the weight of the compost used. Then the compost inoculum was incubated in an incubator with a 

temperature of 35-40° C for ± 4 days. 

 

 RESULT AND DISCUSSION 

 
The data in Table 1 shows that sulfate-reducing bacteria application was able to increase the pH of acid sulfate 

soils from 4.27 (control) to 4.91. The application of sulfate-reducing bacteria isolates and OPEFB compost 

resulted in a higher pH than sulfate-reducing bacteria without OPEFB compost, although they were not 

significantly different. The interaction of lime soil ameliorant CaCO3 + NPK fertilizer with sulfate-reducing 

bacteria was able to increase the highest soil pH from 3.55 in control to 7.07. 

 

 Table 1. Soil pH value due to the application of sulfate-reducing bacteria and ameliorants 

Treatment 
B0 

(control) 

B1 

(SRB) 
Mean 

P0 (control) 3,27 c 3,83 b 3,55 b 

P1 (OPEFB 120g) 3,41 c 4,40 b 3,90 b 

P2 (OPEFB 120g + Urea 1.2g, SP-36 0.6g, KCL 0.1g) 3,35 c 4,35 b 3,85 b 

P3 (Lime CaCO330g + Urea 1.2g, SP-36 0.6g, KCL 0.1g) 7,04 a 7,07 a 7,06 a 

Mean 4,27 b 4,91 a 4,59 

Information: The numbers followed by the same letter are not significantly different based on the DMRT test at 

the 5% level  
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The application of sulfate-reducing bacteria can increase soil pH due to its ability to reduce sulfate to form 

insoluble compounds (H2S), and subsequently, soil pH will increase. The process of reducing sulfate ions not 

only produces H2S but also releases hydroxyl ions (OH-) as discussed by Mangimblude, et.al [5]. The results of 

measuring the pH of ex-coal mining soil by Widyati [6] showed an increase in acid sulphate soil pH after 15 days 

of incubation by SRB. 

 

Organic matters (OPEFB) can increase SRB activities by utilizing carbon from these organic matters. The results 

of research on acid sulfate soil environments indicate that the population of sulfate-reducing bacteria is influenced 

by organic matter and pH values as discussed by Ling et.al [7]. Sulfate reduction by SRB is dissimilatory, bacteria 

use sulfate as an energy source, namely as an electron acceptor and use organic compounds and hydrogen as 

electron donors as discussed by Mangimblude, et.al [5]. The reduction reaction can be described as follows: 

 

SO4- + 2(CH2O) + OH-           H2S + 2HCO3- + 2H2O. 

 

The application of ameliorants, especially lime, to the soil can increase the activity of sulfate-reducing bacteria. 

Calcium from lime functions as an essential nutrient, and CO3- ions play a role in binding H+ ions in the soil 

solution hence soil acidity can be reduced. Application of lime, dolomite, or natural phosphate rock has been 

suggested to neutralize the acidity and toxicity conditions by H+, Al3+, and Fe3+ as discussed by Noor [8]. Sagala 

[9] showed the application of CaCO3 lime up to 10 ton/ha increases the pH of acid soils in tidal swamps from 4.3 

to 5.6. Based on the data in table 2, shows that the application of sulfate-reducing bacteria and soil ameliorants 

did not increase C-organic. 

  

Table 2. Soil C-Organic value due to the application of sulfate-reducing bacteria and ameliorants 

Treatment 
B0 

(Control) 

B1 

(SRB) 
Mean 

 ------------------------------%---------------------- 

P0 (Control) 3,72  4,22 3,97 

P1 (OPEFB 120g) 4,62 4,37 4,49 

P2 (OPEFB 120g + Urea 1,2g, SP-36 0,6g, KCL 0,1g) 4,52 4,17 4,34 

P3 (Lime CaCO330g + Urea 1,2g, SP-36 0,6g, KCL 0,1g) 3,85 3,99 3,92 

Mean 4,18 4,19 4,18 

 

It occurs because of the use of OPEFB compost, which is slow to decompose, and the organic matter content of 

acid sulphate soils already has high soil C-organic hence it can affect the rate of decomposition. In general, acid 

sulfate soils have high organic matter content. In acid sulphate soils, the organic matter content in all layers varies 

from high to very high hence the average is classified as very high, namely 7.51-10.93%. The average value of 

soil N content was classified as moderate, namely 0.22-0.49% in all layers, and tended to decrease in the lower 

layers. The C/N ratio varies from high to very high and increases in the lower layers. Therefore, the average value 

of C/N ratio is high (25) at the top layer, and very high (39) at the lower level as discussed by Balai Besar Penelitian 

dan Pengembangan Sumberdaya Lahan Pertanian [2]. 

 

 

Table 3. Corn plants height due to the application of sulfate-reducing bacteria and ameliorants 

             Treatment 
B0 

(control) 

B1 

(SRB) 
Mean 

P0 (control) 74.47  71.82 73.15 b 

P1 (OPEFB 120g) 66.15  75.92 81.03 b 

P2 (OPEFB 120g + Urea 1.2g, SP-36 0.6g, KCL 0.1g)  100.35  96.95 98.65 a 

P3 (Lime CaCO330g + Urea 1.2g, SP-36 0.6g, KCL 0.1g) 109.6  104.65 107.12 a 

Mean 87.64  92.33 89.99 

Information: The numbers followed by the same letter are not significantly different based on the DMRT test at 

the 5% level  

The increase in plant height is due to the availability of nutrients needed by the soil through the accumulation. 

The results of Ar-Riza's [10] research show that to obtain optimal results, nutrients must be applied completely; 

namely N, P, K, and Ca. Besides, the soil pH (7.07) which is shown in table 1 supports the creation of suitable 
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conditions for corn crops.  Hanafiah [11] states that proper liming will have a positive effect on soil properties, 

namely in the form of increasing the availability of P, Ca, Mg, and biological activity and also deactivating Al 

and Mn hence the potential for toxicity decreases. 
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