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SUMMARY

TRIOVANI DIAMOND. Inhibition of Pyrite Oxidation by Organic Matter
Under Various Soil Water Conditions. (Supervised byMARSIand
SABARUDDIN).

Pyrite oxidation occurs when pyrite is in contact with oxidizing agents, namely
oxygen (02), Fes+, and oxidizing organisms that can increase soil acidity and increase
the solubility of Al and Fe in the soil. The rate of pyrite oxidation can be suppressed by
the addition of ameliorant and water level control. This study aims to study the effect
of organic matter and soil moisture conditions on the inhibition of pyrite oxidation.
This research was conducted in the greenhouse of the Department of Soil, Faculty of
Agriculture, Sriwijaya University according to a completely randomized factorial
design with two factors, the dose of organic matter and water conditions. The results
showed that the treatment with organic matter and maintained water conditions (B1K1)
was the best treatment in maintaining soil pH, dissolved Fe and dissolved Sulfate and

preventing pyrite oxidation.
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study the effect of organic matter and groundwater conditions on the inhibition of pyrite
oxidation. This research was conducted in the greenhouse of the Department of Soil,
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CHAPTER 1

PRELIMINARY

1.1. Background

Swamp land is land that is spread over several areas in Indonesia
Indonesia and can be managed into potential land for sustainable
agriculture. Swamp land is divided into lowland swamps and tidal swamps.
Tidal marshes have the characteristic that in the soil layer there is a layer
of sulfidic or pyrite material and is often also referred to as acid sulfate
soil (Ratmini, 2018). Acid sulphate soil consists of potential acid sulphate
soil and actual acid sulphate soil. Potential acid sulfate soils generally
have a pyrite layer at a depth of more than 50 cm from the soil surface,
while in acid sulfate soils the actual pyrite layer is located at a depth of
less than 50 cm from the soil surface (Razie, 2019). The pyrite layer is
formed as aresult of the deposition of mineral and organic materials

originating from higher elevations which are affected by tides.

Pyrite oxidation occurs when the pyrite layer is exposed to
oxygen caused by lowering of ground water level or drought. The
decrease in groundwater level can cause cracks on the soil surface
caused by drought, root marks or excessive drainage so that oxygen can
enter the soil and can result in the oxidation of the pyrite layer (Harahap,
2014). Pyrite oxidation can further increase the solubility of Al and Fe
(Razieet al., 2013). The oxidation of pyrite caused by oxygen as an
oxidizing agent is less dangerous when compared to the oxidation
caused by Fes+. This is in accordance with the pyrite oxidation reaction
where oxidation caused by oxygen only produces 2 moles of H . ions+,

while the pyrite oxidation caused by Fes+

produces 16 moles of H . ions+. The following is the oxidation reaction of pyrite:

FeSa+ 7/202+ H20 — Fe2++ 2S502-4+ 2H+
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2
FeSa+ 15/402+ 7/2H20 — Fe(OH)s+ 2SO 4 + 4H+

FeS2+14Fes++ 8H20 — 15Fe2++ 2S02-4+16H+
Based on the above reaction the presence of H . ions+bonded with sulfate
will become a strong acid capable of releasing Alsfrom aluminosilicate
minerals and can result in a decrease in the pH value of the soil and make
the soil very acidic, namely <4, which causes the Al solubility level to be
higher, besides the Fe contained in pyrite will change shape and will be
toxic to plants (Susantoet al.,2014; Soewandita, 2018; and sustainableet al
., 2016). In soil that has undergone pyrite oxidation, pale yellow
jarosite rust will be found in the cross section of the soil and is often
referred to as pyrite.clay paintor in puddles of water that are toxic
(Sustiyahet al., 2011).

Pyrite oxidation occurs when pyrite is in contact with an oxidizing
agent, namely oxygen (O2), Fes+, and oxidizing organisms that can accelerate
the pyrite oxidation process. The rate of pyrite oxidation can be suppressed by
adding ameliorant and controlling groundwater levels. One of the ameliorant
ingredients that can be added is organic matter. In swamps, organic matter
functions to maintain a reductive atmosphere and can chelate metals such as
Fe .3+(Annisa and Subagio, 2016). Setiawati's Researchet al.(2019), showed that
the addition of organic matter (4, 8, 12, 16, and 20 tons-iha) and incubation time
of 30 days can suppress the occurrence of pyrite oxidation and increase soil
pH from 3.73 to 5.38. The addition of organic matter can suppress the
occurrence of pyrite oxidation caused by Fe ionss+by reducing the rate of Fe .
productions+in the Fe . reduction processs+to Fez+and increase oxygen
consumption by decomposer microorganisms, and can cover the pyrite layer
so that it does not come into direct contact with oxygen (Fahmi and Ratmini,
2017). Pyrite oxidation control can also be done by reducing the supply of
oxygen to the soil. The supply of oxygen in the soil can be suppressed by
adjusting the groundwater level. Low availability of oxygen will suppress the
population of iron-oxidizing bacteria (Neiraet al., 2015).

Based on the description above, practical and theoretical pyrite oxidation

can only be inhibited by stopping or reducing the oxygen supply to the

Sriwijaya University



in the ground. This can be done by adjusting the water level above the pyrite
layer or covering it. On the other hand, if the pyrite oxidation is caused by Fe
ionss+it can be suppressed the rate of Fe . ion productions+by giving
ameliorant which has the ability to complex Fe . ionss+. Therefore, research on
the inhibition of pyrite oxidation by using ameliorant in the form of organic

matter and in various groundwater conditions was carried out.

1.2. Formulation of the problem

1. Can the application of organic matter inhibit the oxidation of pyrite?

2. Can the treatment by maintaining a 5 cm high puddle of water inhibit
the oxidation of pyrite?

3. Can the combination of organic matter and groundwater

conditions inhibit pyrite oxidation?

1.3. Research purposes

This study aims to study the effect of organic matter and

groundwater conditions on the inhibition of pyrite oxidation.

1.4. Research Use

The purpose of this study was to obtain information about the
potential of organic matter in inhibiting pyrite oxidation under various

groundwater conditions.

1.5. Hypothesis

1. It is suspected that the application of organic matter can inhibit the pyrite oxidation process.

2. It is suspected that the treatment by maintaining a 5 cm high puddle of water can
inhibit the pyrite oxidation process.

3. It is suspected that the combination of 50 grams of organic matter per kilogram of

soil and the treatment of maintaining a 5 cm high ground water puddle is the best

treatment in the process of inhibiting pyrite oxidation.

Sriwijaya University



CHAPTER 2

LITERATURE REVIEW

2.1. Pyrite Oxidation

Some of the soil that develops in tidal swamp land is soil derived
from mineral or organic parent materials which are influenced by tidal and
river water. Tides of sea water cause mineral or organic sediments
accompanied by reductive components of iron and sulfur to form a layer of
pyrite (FeS .).2). The process of reducing iron and sulfate oxidation in acid
sulfate soils is the main factor that can determine the pH value of the soil.
The pH values for acid sulfate soils ranged from <3.5to pH 4.0. Level
high acidity and increasing concentrations of Fe and SO2-  son the ground
indicates that pyrite oxidation has occurred (Annisa and Nursyamsi,

2016; Nursyamsiet al., 2014; Leeet al.,2011).

Oxidation of the pyrite layer occurs due to direct contact between
pyrite and oxygen that occurs due to the decrease in the groundwater
level (MAT) to below the pyrite layer. This condition will cause a reaction
between pyrite compounds with oxygen. In very strong pyrite oxidation
conditions caused by the exposure of the pyrite layer to oxygen, it will
produce the mineral jarosite. The mineral jarosite in oxidized soil will
form like straw yellow rust which is very acidic and can be toxic to
plants. Jarosit will be stable in oxidized conditions in an acidic
environment pH <3 (Annisa and Hasanudin, 2013).

Pyrite oxidation in acid sulfate soils occurs in several stages
involving chemical and biological processes. At first dissolved oxygen
will react slowly with pyrite to produce iron (Il) and sulfate (Masulili,
2015; and Verronet al.,2019):

FeSa2+ 1/2 O2+ 2H+ =———» Fe2++ 2S + H20
After that, the oxidation of sulfur by oxygen proceeds very slowly, but

can be catalyzed by autotrophic bacteria at a near neutral pH:

S+ 3/202+ HoO =% S0+ 2H+

4 Sriwijaya University



If the pH of the oxidation system is below 4, then Fes+will dissolve
in sufficient quantities to cause rapid oxidation of pyrite:

FeSa2+ 2Fes+ —* 3Fex+ 2S
The reaction of iron (lll) with sulfur is also very fast and the
overall oxidation of pyrite by iron (lll) is described as follows:

FeS2+14Fesz++ 8H2O0 ——» 15Fe2++ 25024-+16H+
In very strong oxidation conditions, due to the lifting of marine sediment
material to the surface, it will produce jarosite minerals which are seen
as straw yellow rusty.

Pyrite oxidation can cause changes in the content of ions in the
soil solution and in the adsorption complex.et al.,2011). Pyrite soils that
have undergone an oxidation process have atendency to decrease the
pH value of the soil to <3 due to the formation of sulfuric acid. Acidic
soil conditions can further increase the solubility of Al, Fe and Mn and
decrease soil quality due to the loss of soil bases such as Ca, Mg, K, and
Na. Al cations dissolved in the soil can bind P so that it becomes
unavailable to plants (Husna, 2014; Das and Das, 2015).

Pyrite oxidation can increase soil acidity which is quite high and
can cause the solubility of Al, Fe, and Mn to be very high in the soil
solution. High Al, Fe, and Mn solubility can cause nutrient deficiency, if
this happens it can disrupt plant metabolic processes and be potentially

toxic to plants and water (Harahap, 2014; Chen and Yang, 2019).

2.2. Organic ingredients

Organic matter in acid sulfate soils plays a role in maintaining a reducing
atmosphere in the soil, a source of energy for sulfate-reducing bacteria, preventing
the oxidation of sulfide compounds, and being a buffer from acidity resulting from
pyrite oxidation (Subagio, 2019; and Michael, 2010).et al., 2015). According to
Yuanet al.(2016), application of organic matter with a low C/N ratio <50 to the soil as
much as 30 grams per kilogram of soil can prevent acidification due to oxidation of

sulfide materials and can attract cations.
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metals such as Al and Fe and liberate a number of nutrients, especially P to
be available to plants (Husna, 2014). The addition of organic matter to acid
sulfate soils can stimulate an increase in the value of soil acidity or soil pH
value (Jayalathet al.,2015).

The mechanism of organic matter in inhibiting the occurrence of
pyrite oxidation are: 1) Oxygen consumption by bacteria; 2) Binding Fes+in
the ground; 3) Formation of complexes of pyrite and Fe . compounds2+
(Sandrawatiet al., 2019; and Ouyanget al., 2014). Oxygen consumption by
microbes can inhibit the oxidation process of sulfidic materials due to
competition in the use of oxygen by soil microbes to decompose organic
matter with the need for oxygen to oxidize pyrite directly (Fahmi and
Ratmini, 2017). Bacteriological and organic activities require the availability
of oxygen so that it makes these organic processes compete with pyrite for
the availability of oxygen in the soil. Bacteriological and organic reactions
consume alarge amount of oxygen available in groundwater, thus limited
oxygen in the soil will significantly slow down the rate and amount of acid
produced.

Organic matter that is easily decomposed causes the soil to be more
reduced. In this condition the presence of Fe ionss+will be reduced to Fez+
so that it can reduce the rate of pyrite oxidation caused by Fe ionss+
so that the availability of Fe in the soil is reduced (Luoet al.,2016). Organic
compounds with non-ionized functional groups such as carbohydrates
(polysaccharides) with aldehyde and ketone functional groups can affect
the reactions that occur in the soil and can form complex compounds with
metal cations such as Fe, so that Fe activity in the soil is reduced. Organic
matter added to soil has a number of advantages, including being cheaper
and more readily available and can be easily applied or applied in sensitive
environments such as in wetlands, where lime application is not
recommended (Michaelet al.,2015). The dose of organic matter in this study
was 50 grams per kilogram of soil or 130 tons per ha (Yuanet al.,2016). The
high dose of organic matter is intended to improve soil properties and

inhibit the occurrence of pyrite oxidation. On
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In general, the need for ameliorant material to improve soil properties

is higher than the need for plants.

2.3. Water Management in Tidal Swamps

The construction of waterways in tidal areas aims to manage water at
the macro and micro levels. The construction of primary, secondary, tertiary,
and quarterly waterways is an important matter in water management. The
construction and use of these waterways can be adapted to the needs or
conditions of the local area in accordance with environmental conditions.
Water management at the macro level includes an area that aims to manage the
function of irrigation or drainage networks as well as rain storage areas, while
water management at the micro level includes water management at the farmer
level (Sa'ad, 2012).

Water management in tidal swamps must be carried out more carefully
during the dry season, because the availability of water decreases
significantly so that it can cause pyrite oxidation and release sulfuric acid
(Marsiet al.,2016). The purpose of water management in tidal swamp land is to
create conditions so that the groundwater level is always above the pyrite
layer so that the pyrite oxidation process can be prevented and does not
poison plants, so plants can grow and develop normally.

Pyrite oxidation process will occur if the soil has poor air conditioning
or aeration. The groundwater table above the pyrite surface will reduce the
diffusion of oxygen into the soil so that the pyrite layer is in areduced state,
this can cause inhibition of the pyrite oxidation process by oxygen (Anwar and
Sudadi, 2013). On the other hand, if there is a decrease in the ground water
level, it can cause the atmosphere to become oxidative and the availability of
oxygen in the soil to increaseet al.,2011). The rate of oxygen diffusion to the soil
decreased with increasing inundation height of more than 4 cm. The results of
research by Rachmawati and Retnaningrum (2013), stated that at a pool height
of 4 cm the number of tillers and plant heights as well as the number of non-
symbiotic N-fixing bacteria still increased, but in a puddle of 8 cm it started to

decrease or lower.
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Controlling groundwater levels in soils with pyrite layers can
improve land quality and inhibit pyrite oxidation. According to Soewandita
(2018), in his research, he stated that water management by maintaining
the groundwater level above the pyrite surface can prevent the occurrence
ofoverdrainageand pyrite oxidation. In soils with a pyrite layer at a depth
of 100 cm by maintaining the groundwater table more than the pyrite
surface can increase oil palm production by 3.8

—4.5tons of FFB per ha per year compared to oil palm production on

land with a pyrite depth of 50 cm and a groundwater table above 50 cm.
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CHAPTER 3

RESEARCH IMPLEMENTATION

3.1. Place and time

The soil used in this study was taken from tidal land in Mulyasari Village,
Tanjung Lago District, Banyuasin Regency. This research was carried out in the
Greenhouse of the Soil Department, Faculty of Agriculture, Sriwijaya University
and soil analysis was carried out at the Chemistry, Biology and Soil Fertility
Laboratory, Department of Soil, Faculty of Agriculture, Sriwijaya University,

Indralaya, from October 2020 to November 2020.

3.2. Materials and Methods

The materials used in this study were 1) Distilled water; 2) Compostable
ameliorant material; 3) Laboratory Analysis Materials; 4) Pyrite soil samples.

The tools used in the implementation of this research are 1)
Laboratory Analysis Tools; 2) belgian drill; 3) Hoe; 4) Duct tape; 5)
Meters; 6) Airtight plastic; 7) Plastic jar.

This research was conducted in a greenhouse according to a Completely
Randomized Factorial Design (RALF) with two factors, namely the dose of ameliorant and
groundwater conditions. The treatments that were tried were:

1. Dosage of Ameliorant B . Ingredientso=
without ameliorant;
B1= Ameliorant organic matter in the form of compost is added as much as 50
grams per kilogram of soil or the equivalent of 130 tons per ha.
2. Groundwater Condition
Ki=5 cm above the ground and maintained until the end of the study;
K2 = Initial 5 cm at ground level and allowed to decrease naturally
during the study.

Each treatment combination was repeated 3 times, so there were

12 experimental units.
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3.3. Procedure
3.3.1. Soil Sampling

Pyrite soil sampling was carried out on tidal land in Mulyasari
Village, Tanjung Lago District, Banyuasin Regency. This pyrite soil
layer is characterized by the presence of a gray layer and when 1 ml of
70% hydrogen peroxide is added, it will produce foam. Soil samples
were taken at a depth of 70-90 cm. The pyrite layer soil sample was put
into an airtight plastic container as much as 3 layers and then tied and
glued again using clear duct tape. This is done so that the pyrite soil is
not in direct contact with oxygen and prevents pyrite oxidation. Soil
samples that have been taken from the field are then stored in a closed
room and not exposed to sunlight. Documentation of soil sampling and

research process is attached in (Appendix 1).

3.3.2. Initial Soil Sample Analysis and Amelioran Characterization

Soil samples that have been taken are characterized by soil properties before being
treated, including pH H20, Dissolved Fe, Dissolved Sulfate, Soil Texture, Water Content, and
Soil Pyrite Content. While the characterization of ameliorant materials includes organic,
moisture content, and CEC. Characterization of the initial soil and ameliorant samples was
carried out once, namely at the beginning of the study before the soil was treated and

before the application of the ameliorant material to the soil.

3.3.3. Preparation of Incubation Media and Application of Ameliorant Materials
Preparation of incubation media was carried out by preparing
plastic jars with a jar height of 17 cm and a diameter of 14 cm and preparing a
pyrite layer of 21.12 kilograms of soil that had been taken in Mulyasari Village.
Each jar was filled with 1.76 kg of pyrite layer (Appendix 2). The ameliorant
material used is in the form of organic material in the form of compost as
much as 50 grams per kilogram of soil or 130 tons per ha (Appendix 3) and the
water used is ion-free water taken from the Chemistry, Biology and Soil

Fertility Laboratory, Soil Department, Faculty of Agriculture.
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Sriwijaya University Agriculture. lon-free water required is as much as
850 ml per jar.

The application of ameliorant material in the form of organic material
is carried out by mixing organic matter with pyrite layer soil until
homogeneous. The mixing process of organic matter and pyrite soil is done
by adding water little by little to facilitate the mixing process. After that, water
was added until the puddle height reached 5 cm for the treatment of water
conditions. In the process of adding water, wait a few moments until the water
seeps into the bottom of the soil, if the puddle height is still less than 5cm
then add more water so that the puddle height reaches 5 cm. For the control
treatment, the pyrite soil was directly treated with water conditions without

the addition of ameliorant.

e N

4cm >

Treatment of water content as high as 5cm {

17 cm

1.76 kg of pyrite soil to which
ameliorant has been added in the
form of organic matter at a dose of
50 grams

SN

Figure 3.1. Research Devices for Soil Incubation

3.3.4. Soil Incubation

Soil incubation was carried out after all experimental units had received the
appropriate treatment including controls. All jars that contained soil and had been treated
were arranged according to the experimental unit layout plan (Appendix 4). This incubation
was carried out for 41 days and was carried out in the Greenhouse of the Department of Sail,
Faculty of Agriculture, Sriwijaya University, Indralaya. The observation process was carried
out every day during incubation. Observations were made every day on all treatments.In the

treatment with standing water conditions maintained
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added water every time there is a reduction in the height of the puddle. Meanwhile, in the
treatment with standing water conditions, it was allowed to decrease without adding

water and the reduction was recorded.

3.3.5. Soil Analysis During Research

Soil samples for analysis were taken using a paralon pipe that was placed
in the middle of a plastic jar, after that it was put in an airtight plastic bag to
prevent pyrite oxidation..Soil samples for analysis of water content, dissolved
sulfate and dissolved Fe were taken by composite method. Meanwhile soil samples
for pH analysis were taken at each replication. Soil analysis was carried out at the
Chemistry, Biology and Soil Fertility Laboratory, Department of Soil, Faculty of
Agriculture, Sriwijaya University. Soil analysis was carried out on days 2, 8, 11, 14,
18, 25, 29, 34 and 41. Soil analysis during the study included soil pH analysis, soil

dissolved Fe, soil dissolved sulfate,and ground water level.

3.4. Observed Variables
The variables observed in this study consisted of:
1. pH H20, Dissolved Fe, Dissolved Sulfate, Soil Texture, Moisture Content, and Soil Pyrite
Content were carried out at the beginning of the study before the soil was given treatment.
2. Characteristics of organic matter, including C-organic, moisture content, and
CEC, which were carried out once before being applied to the soil.
3. Soil characteristics during the study include, pH H20, Dissolved Fe, Dissolved

Sulfate, and soil water content every day 2, 8, 11, 14, 18, 25, 29, 34 and 41.

3.5. Data analysis

The data collected by replication were statistically analyzed using
ANOVA (analysis of variance) and a further test, namely the Honestly
Significant Difference (BNJ) test. Data collected without replication was
analyzed using ANOVA with quasi-replicate and the relationship between
several variables were analyzed using regression and presented in

graphical form.

Sriwijaya University



CHAPTER 4

RESULTS AND DISCUSSION

4.1. Soil Analysis Before Research

The results of the analysis of several soil chemical properties at the research site

are presented in Table 4.1.

Table 4.1. Soil Characteristics Before Treatment.

Parameter Unit Analysis Results

pH H20 4.92
Water content % 76.93
Pyrite Level % 3.6
Dissolved Sulfate ppm 449.11
Dissolved Fe ppm 172.50

Soil Texture Clay
Sand % 42.40
Dust % 25,60

clay % 32

Source . Data analysis results in the Laboratory of Chemistry, Biology, and Soil Fertility

Department of Soil, Faculty of Agriculture, Sriwijaya University.

The results in Table 4.1 show that the soil sample at the study site
belongs to the category of soil with an acid pH of 4.92. The water content in
the initial soil sample was high, namely 76.93% this was because the
sampling was carried out at a depth of 70-90 cm, where at that depth the
soil was in a water-saturated condition.

Pyrite content in the initial soil sample based on the results of the analysis in
laboratory is 3.6%. According to Subiksa and Sukristyonubowo (2021), pyrite levels
in acid sulfate soils generally range from 1% to 4% and in severe conditions can
reach 6% to 7%. Based on this, the pyrite contained in the soil samples before the
study was classified as moderate. The results of the texture analysis in the
laboratory showed that the soil texture in the initial soil sample was clay.
Meanwhile, the values of dissolved Fe and dissolved sulfate in the initial soil
samples were 172.50 ppm and 449.11 ppm. Calculation of the results of the initial

soil sample analysis is attached in (Appendix 5).
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4.2. Characteristics of Organic Ingredients

The organic material used in this research is organic material in the
form of compost. The results of the analysis of the characterization of the

compost used in this study are presented in Table 4.2.

Table 4.2. Compost Characteristics.

Parameter Unit Analysis Results
Water content % 41.17
C-Organic % 24.75
Kindergarten me 100g-1 20.08

Source: Data analysis results in the Laboratory of Chemistry, Biology, and Soil
Fertility Department of Soil, Faculty of Agriculture, Sriwijaya University.

Based on the results of the analysis that has been carried out the compost
used in this study has a C-Organic content of 24.75% with a water content of 41.12%.
The results of the analysis of C-organic and the moisture content of the compost used
in this study met the quality standard of solid organic fertilizer based on SNI:
19-7030-2004 (Appendix 6). While the value of CEC in compost is low, namely
20.08 me 100g-1. Calculation of the results of the characterization of organic

matter is attached in (Appendix 7).

4.3. Soil Characteristics During Research
4.3.1. Inundation Conditions and Soil Water Content

The results of the observation of the dynamics of the height of the puddle in the

treatment that were allowed to dry during the study (K2) is presented in Table 4.3.

Table 4.3. The height of the puddle in the treatment that was allowed to dry for

study.
The height of the puddle (cm) on the incubation day
Treatment
2 8 11 14 18
Bo 5 3.5 2.1 1.2 0
B1 5 3.3 2.2 1.3 0
Source . Data from observations during incubation in the Soil Department

Greenhouse Sriwijaya University Faculty of Agriculture.
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The condition of the height of the puddle which can be seen in Table 4.3
shows that during the incubation process from day 2 to day 14 there was a
reduction in the height of the puddle. The height of the puddle on day 14 ranged
from 1.2 cm to 1.3 cm. On day 18 to day 41 the condition of the inundation height
was exhausted or dried up. In Table 4.3, it can be seen that there was no significant
difference in the height of the puddle between the treatment without organic matter
and the treatment with organic matter. The rate of decrease in the height of the
puddle showed a pattern that was not much different between the two treatments.
The results of the regression between the incubation time on the treatment without
organic matter and with organic matter on the inundation height on day 2 to day 18

are presented in Figure 4.1.

6 y =-0.320x + 5.757
R?=0.991

5 S p=0.0003
T 4 - y = -0.314x + 5.692
s Q R?=0.998
f‘; 3 s p =0.001
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T 5 | N
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£

1

0 .
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Incubation Time (Day-)
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Figure 4.1. Regression graph between incubation time and inundation height in treatment
without and with organic ingredients

In Figure 4.1 it can be seen that the incubation time has a linear and
significant effect on the decrease in inundation height in the treatment without
organic matter and treatment with organic matter with p value = 0.0003. The
value of determination indicates that the length of incubation time can affect
the decrease in inundation height from day 2 to day 18. Based on the equation
in Figure 4.1, there is a decrease in inundation height of 0.320 cm and 0.314 cm
per day, respectively for the treatment without and with organic matter. The

incubation process is carried out in the Department's Greenhouse
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Soil from the Faculty of Agriculture, Sriwijaya University, so that the longer the
incubation period, the higher the inundation will decrease. One of the factors
that causes the condition of standing water to continuously decrease from day
2 to day 18 is the process of evaporation or evaporation which results in a
continuous decrease in inundation height and water content until the end of
the study. According to Nafilaet al. (2018), the temperature inside the
greenhouse building is relatively higher than the temperature outside the
building. This is due to the high intensity of heat originating from solar
radiation captured by the roof of the building and most of it will be trapped
inside the building. The difference in temperature inside and outside the
building on average is 5°C in the morning, 3°C during the day, and 1°C at night.

Furthermore, the water content data is presented in Table 4.4.

Table 4.4. The water content data in the treatment that was allowed to dry for

study.
Moisture content (%) on incubation day
Treatment
18 25 29 34 41
Bo 112.55 65.04 50.68 13.8 9.09
B1 101.92 69.47 38.25 16.32 8.75

Source: Data analysis results in the Laboratory of Chemistry, Biology, and Soil Fertility
Department of Soil, Faculty of Agriculture, Sriwijaya University.

The data presented in Table 4.4 are water content data with
treatments that were allowed to dry on day 18 to day 41. This was because
in the treatment conditions, the water that was allowed to dry during the
study on incubation days 2 to day 14 was still in good condition. saturated
or inundated, then the water content is calculated from day 18 to day 41
where on that day the inundation height is at a height of 0 cm or has dried
up. The water content data showed that on day 41 the water content in each
treatment was 9.09% and 8.75%. Calculation of the results of the analysis of
water content is attached in (Appendix 8). The results of the regression
between the incubation time on the treatment without organic matter and
with organic matter on the water content on day 18 to day 41 are presented

in Figure 4.2.
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Figure 4.2. Regression graph between incubation time and moisture content in the treatment without and
with organic ingredients

In Figure 4.2 it can be seen that the incubation time for the treatment
without organic matter and with organic matter had a linear and significant
effect on the decrease in water content from day 18 to day 41. Based on the
equation in Figure 4.2, the rate of decrease in water content was 4.654% and
4.280. % per day, each for treatment without organic matter and with organic
matter. The value of determination indicates that the incubation time can
affect the decrease in soil water content. The length of the incubation

process resulted in continuous water loss and caused the water content to

decrease until the end of the study.

4.3.2. Soil pH Value
Based on the results of the analysis carried out on all soil samples that have
been treated in the form of organic matter and water conditions, the results of the

average soil pH value between treatments are presented in Figure 4.3.
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Figure 4.3. Graph of fluctuations in soil pH value during incubation

The graph in Figure 4.3 shows that the 9 observations made during the
incubation time can be seen that there is a fluctuation in the pH value of the soil
in all treatments. Treatment with organic matter and water conditions
maintained during the study (B1K1), showing the highest pH value, namely 5.71
at the end of the study. Whereas in the treatment without ameliorant and the
condition of the water content that was left during the study (BoK2), is the
treatment with the lowest soil pH value of 3.3. The results of ANOVA (Appendix
9) on day 41 showed that the treatment of organic matter and water conditions
during the study had a significant effect on changes in soil pH values. Further

test results are presented in Table 4.5.

Table 4.5. Effect of Organic Matter and Groundwater Conditions on pH Value
Soil At Last Observation.

Soil pH Value
Water Condition (K) Organic Ingredients (B) Average
Bo B1
K1 4.7¢ 5.74 5.2p
K2 3.3a 3.8ab 3.5a
Average 4a 4.7
B NJinteraction 5%)= 0.5 BNJK 5% =0.4 BNJ B 5% =0.4

Description: Numbers followed by different letters in rows and columns
the same one showed a significant difference based on the BNJ test at 5% level.

The results of the honest difference test (BNJ) showed that the treatment of the

ameliorant material was maintained in a standing water condition (B1K1) is a combination
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the treatment with the best soil pH value and significantly higher than the soil
pH in the other treatments. According to Fahmi and Ratmini (2017), the
application of organic matter to acid sulfate soils can maintain a reducing
atmosphere, increase oxygen consumption in the soil by microbes which
results in competition for oxygen use by microbes, and binds Fe.s+in the soil so
that the pyrite oxidation process caused by oxygen and Fe ionssz+which can
affect soil pH can be suppressed. Treatment of water conditions maintained
until the end of the study (K1) also affects the pH value of the soil, this is
because the oxygen content in the flooded soil will decrease and create a
reduction atmosphere so that oxygen cannot be in direct contact with the pyrite
layer. In the reduction conditions due to flooding, a Fe . reduction process will
occurs+to Fez+. Therefore, the oxidation of pyrite by oxygen and Fe ionss+which
affects soil pH can be suppressed by giving ameliorant in the form of organic
matter by maintaining the condition of the groundwater table above the pyrite

layer (Anwar and Sudadi, 2013).

The pH value of the treatment without ameliorant and the condition of the water
allowed to decrease naturally until the end of the study (BoKz2) is the lowest with an
average pH of 3.3. Based on this, it can be seen that in treatment BoKzhas undergone a
pyrite oxidation process both by oxygen and by Fe ionss+which causes a decrease in
the pH value of the soil. In observing the condition of the water content, it can be seen
that in the treatment BoKzis a treatment with the condition of standing water has dried

up and the soil water content at the end of the study was 9%.

The decrease in water content causes cracks on the soil surface which
can cause the oxygen supply to the soil to increase, resulting in direct contact
between oxygen and the pyrite layer and can reduce the pH value of the soil to
become very acidic, this is in line with Yuliana's (2012) statement, the
occurrence of oxidation Pyrite will produce sulfate compounds and cause the
soil reaction to become very acidic. In addition, the pH value of the soil in acidic
sulfate soils is one indicator of the occurrence of pyrite oxidation which causes

a decrease in soil pH to become very acidic, namely
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below 4 (Gazali and Fathurrahman, 2019). The relationship between water content and pH
value in the treatment without and with organic matter in the condition of the water being

allowed to dry is shown in Figure 4.4 and Figure 4.5.
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Figure 4.4. Regression graph between soil content and pH in the treatment without ingredients
organic and water conditions allowed to dry
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Figure 4.5. Regression graph between water content and soil pH on treatment

with organic matter and water conditions allowed to dry

In Figure 4.4 it can be seen that there is a linear relationship between
water content and soil pH in the treatment without organic matter with the water
being allowed to dry, showing insignificant results with p value = 0.06. While the

linear relationship between water content and soil pH in the treatment with
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organic matter (Figure 4.5) showed significant results with p value = 0.02.
Based on the regression equation, the rate of decrease in soil pH was 0.005
units for every 1% decrease in water content in the treatment without organic
matter and 0.007 units for every 1% decrease in water content in the treatment
with organic matter. The relationship between inundation height and soil pH in
the treatment without and with organic matter under conditions of water

allowed to dry is presented in Figure 4.6 and Figure 4.7.
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Figure 4.6. Polynomial graph between inundation height and soil pH in treatment
without organic matter and water conditions allowed to dry
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Figure 4.7. Polynomial graph between inundation height and soil pH in
treatment with organic matter and water conditions allowed to dry
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The results of the regression analysis between inundation height and
soil pH in the treatment with water left to dry showed an insignificant quadratic
relationship with p = 0.08 and significant p = 0.03 for the treatment without
organic matter (Figure 4.6). ) and with organic matter (Figure 4.7). Based on the
obtained quadratic equation, there was a rate of change in the soil pH value of -
0.21x + 0.746 and -0.086x + 0.324 for every 1 cm decrease in puddle height, in
the treatment without and with organic matter, respectively. In Figures 4.6 and
4.7, it can be seen that at 3 cm inundation the pH value of the soil reaches its
maximum point, which is more than 5.5. This is caused by flooding and the
addition of organic matter which creates a reduction atmosphere. After that
there was a decrease in the pH value of the soil along with a decrease in the
height of the puddle. Based on the results of Cyio's research (2016), it is stated

that the pH value of the soil will increase if the inundation height increases.

4.3.3. Soil Dissolved Sulfate and Dissolved Fe
4.3.3.1. Soil Dissolved Sulfate

Based on the results of the analysis carried out on all soil samples in the
treatment without and with organic matter and the condition of the water being
maintained or allowed to dry, the results of the dissolved sulfate values of the

soil during the study are presented in Figure 4.8.
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Figure 4.8. Graph of fluctuations in the solubility of sulfate in the soil during the study
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Based on the graph in Figure 4.8 the treatment with water conditions
maintained during the study had lower soil dissolved sulfate values compared to
the two treatments with water conditions allowed to decrease naturally during the
study. The results of ANOVA showed that the treatment of organic matter and water
conditions did not significantly affect the solubility of sulfate in the soil during the
incubation period (Appendix 10). Furthermore, fluctuations in the solubility of
sulfate in the soil with treatment without organic matter or with organic matter

during the study are presented in Figure 4.9.
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Figure 4.9. Graph of fluctuations in the solubility of sulfate in the soil in the treatment without ingredients
organic and with organic ingredients

In Figure 4.9 it can be seen that the solubility of sulfate in the treatment
with organic matter (B1) was lower than the treatment without organic matter (B
0). In addition to the inundation process, the addition of organic material in the
form of compost can also reduce the solubility of sulfate in the soil. This is in
line with Juhrian's statementet al.(2020); Subiksa and Sukristyonubowo (2021),
organic matter can increase the number of sulfate-reducing bacteria in the soil
and can create a reducing atmosphere in the soil. In a reduction atmosphere, it
can increase the growth of aerobic sulfate-reducing microbes and utilize the
energy derived from the sulfate reduction process as an electron acceptor to
produce H sulfide.2S very quickly. This is in line with the statement of
Ramadanet al.(2018), in his research stated that sulfate-reducing bacteria utilize
H . donorsz and C derived from organic materials. Fluctuations in sulfate

solubility on treatment with different water conditions
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maintained (K1) as well as in water conditions that were allowed to dry during

the study (K2) is presented in Figure 4.10.
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Figure 4.10. Graph of fluctuations in the solubility of sulfate in the soil under treatment of water conditions

maintained (K1) and left to dry (Kz2)

Based on Figure 4.10 it can be seen that the pattern of the rate of
fluctuation of the sulfate solubility in the soil in the K . treatmentiand Kzhave the
same pattern. In the K . treatmentilower sulfate solubility and stable compared to
the K . treatmentz. This is due to the sulfate reduction process which causes the
formation of H. compounds:2S so that the sulfate level decreases (Yuliana, 2012).
The high solubility of sulfate in the soil in the K . treatment2
after the 18th day due to a decrease in the height of the puddle and water
content. The decrease in water content until the 18th day until the end of
the study caused the Sulfide contained in the soil to react with oxygen to
form H2 SO4(Juhrianet al.,2020). This process can increase the value of
dissolved sulfate in the soil. According to McCauley (2017), besides being
caused by direct contact with oxygen, sulfate oxidation can occur
due to the presence of sulfate-oxidizing microbes to produce sulfate (SO2-4) and
H+, this can cause a decrease in the pH value of the soil. It can be seen in Table 4.5
the pH value of the K . treatment soilzis the lowest with an average pH value of <4.
This shows that there has been a process of oxidation of sulfide materials by

oxygen and by microbes.
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At the end of the study, it can be seen that the K . treatment2
experienced a drastic decrease in the value of dissolved sulfate, even the
value of dissolved sulfate K . treatmentzat the end of the study was lower
than the K . treatmenti. According to Yuliana (2012), the longer the drying
process, the lower the sulfate content due to the high mobility and lability
of the sulfate anion. The position of unstable soil sulphate values in the soil
causes the distribution of sulphate in acid sulphate soils to be erratic. In
some cases it was found that the pH of the acid sulfate soil was low but the
dissolved sulfate level was still low. The regression results between water
content and inundation height in the treatment without organic matter and
with organic matter in the condition of the water being allowed to dry on the
sulfate solubility in the soil on day 18 to day 41 showed insignificant results

with a coefficient of determination <0.5 .

4.3.3.2. Soil Dissolved Fe

At the beginning of the study, all the treated soils were in areductive
condition, that is, they were treated with puddles with a height of 5cm. In
reductive or flooded conditions, a Fe . reduction process will occurs+to Fez+

(Susilawati and Fahmi, 2013). Soil Fe values are presented in Figure 4.11.
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Figure 4.11. Graph of fluctuations in the solubility of Fe in the soil during the study
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In Figure 4.11 it can be seen that the treatment with the lowest Fe solubility
was in the treatment with organic matter and water conditions were maintained
during the study (B1K1) while the highest Fe solubility was in the treatment without
organic matter and water conditions were allowed to dry during the study (BoK2).
The results of ANOVA showed that the treatment of organic matter and water
conditions had a significant effect on the solubility of Fe in the soil only on day 8
after incubation (Appendix 11). Furthermore, fluctuations in the solubility of Fe in
the treatment without organic matter and with organic matter during the study are

presented in Figure 4.12.
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Figure 4.12. Graph of fluctuations in the solubility of Fe in the soil in the treatment without and
with organic ingredients

In Figure 4.12 it can be seen that the solubility of Fe in the soil in the
treatment without organic matter (Bo) was stable from day 14 to day 41, in contrast
to the treatment of organic matter (B1) the solubility of Fe in the soil was relatively
stable during the study. The rate of fluctuation of Fe solubility in the treatment with
organic matter began to stabilize on day 18 to day 41. Application of organic matter
could reduce the concentration of Fe in the soil. According to Susilawati and Fahmi
(2013), organic materials that have undergone further overhaul and are applied to
the soil will produce compounds in the form of humic materials that play arole in
reducing Fe concentrations.z+, this happens because the chelation process is more
dominant than the reduction process by these materials to Fe. In some

observations the solubility of Fe
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This increase can be caused because compost is an electron donor and
as energy for iron-reducing bacteria to reduce ferrous iron to ferrous,
causing the concentration of Fez+high in the soil (Abduh and Annisa,
2016). Based on this statement, treatment using organic matter can also
affect the increase in dissolved Fe concentration in the soil. Besides
being caused by the addition of organic matter factors, the solubility of
Fe in the soil is also influenced by treatment with maintained inundation
conditions (K1) as well as in stagnant water conditions that were allowed
to dry during the study (K2). Fluctuations in the solubility of Fe in various

water conditions are presented in Figure 4.13.
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Figure 4.13. Graph of fluctuations in the solubility of Fe in the soil in the treatment of water conditions
maintained (K1) and allowed to dry (K2)

Based on Figure 4.13 on the treatment that was maintained during
the study or was flooded, it can be seen that there was a fluctuation in the
solubility of Fe in the soil from day 2 to day 18, after that Fe solubility began
to stabilize and decrease until the end of the study. Under flooded
conditions, Fe . reduction will occurs+to Fe2+which causes soil conditions to
be very reductive so that the Fe . concentrations+in the soil decreases
(Annisa and Subagio, 2016). However, on the 11th day of observation the
soil Fe value in the K . treatmentias well as Kzis the highest compared to
other treatments. This was caused by the inundation, the continuous
inundation process after a while resulted in the concentration of Fe in the

soil continuously rising to its highest point on day 11, after which it would
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There was a process of decreasing Fe concentration even though the soil was
still in a flooded condition. The decrease in Fe concentration after reaching the
highest point was caused by the reduced availability of Fessreduced (Ratmini,
2018; Susilawati and Fahmi, 2013). In contrast to the treatment which was
allowed to dry during the study (K2) the solubility of Fe in the soil tends to be
higher than the previous treatment. On day 18 and day 25, the solubility of Fe in
the two treatments was relatively the same, however, on day 29 to day 41, the
solubility of Fe in treatment Kzhigher. This is due to the drying process. At the
end of the study, it can be seen that the highest soil dissolved Fe value was in
the K . treatmentz. The increase in the solubility of Fe in the soil is caused by
the occurrence of Fe . oxidationz+by oxygen to Fes+according to the following
reaction:

Fe2++ O2+ H+  — Fes++ H20
Fe values+in the soil is influenced by the pH value of the soil, it can be seen in the results of
the pH analysis at the end of the study the average value of soil pH with K . treatment2
is <4. This is in line with Suastika's statementet al. (2014), Fes+only soluble
in soil with a pH below 4. This can also cause the oxidation of pyrite by
Fes+. The relationship between the water content of the treatment of organic

matter on the solubility of Fe in the soil is presented in Figure 4.14.
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Figure 4.14. Regression graph between water content and soil dissolved Fe in the treatment with
organic matter and water conditions allowed to dry
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The regression graph in Figure 4.14 shows a non-significant linear
relationship between the water content in the treatment with organic
matter and the condition of the water allowed to dry during the study on
days 18 to 41 on soil Fe solubility with p value = 0.06. Based on the
equation y = 0.015x + 0.465, it can be seen that the rate of decrease in
the dissolved Fe value in the soil is 0.015 ppm for every 1% decrease in
water content. While the value of determination indicates that the water
content in the treatment with organic matter and the condition of the
water allowed to dry during the study can affect the soil Fe solubility by

72.5% and 27.5% is influenced by other unknown factors.
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Figure 4.15. Regression graph between inundation height and soil dissolved Fe in treatment
with organic matter and water conditions allowed to dry

Based on Figure 4.15, it can be seen that the relationship between the
inundation height in the treatment with organic matter and the condition of the
water allowed to dry during the study on the solubility of Fe in the soil resulted in
an insignificant linear regression with p value = 0.27. The equation y = 0.344x +
0.134 shows a decrease in dissolved Fe by 0.344 ppm for every 1 cm decrease in
inundation height. The determination value shows that the inundation height can

affect the dissolved Fe value in the soil.
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CHAPTER 5
CONCLUSIONS AND RECOMMENDATIONS

5.1. Conclusion
The conclusions in this study are:

1. Perlakuan dengan bahan organik (B1) merupakan perlakuan dengan kadar
Fe terlarut dan sulfat terlarut tanah lebih rendah dan pH tanah lebih tinggi
dibandingkan dengan perlakuan tanpa bahan organik (Bo).

2. Perlakuan dengan kondisi air yang dipertahankan (K1) merupakan perlakuan
dengan kadar Fe terlarut dan sulfat terlarut tanah lebih rendah dan pH tanah
lebih tinggi dibandingkan dengan perlakuan kondisi air yang dibiarkan
mengering (K2).

3. Perlakuan dengan bahan organik dan kondisi air dipertahankan selama penelitian

(B1K1) merupakan perlakuan terbaik dalam mempertahankan pH tanah, Fe

terlarut dan Sulfat terlarut serta mencegah terjadinya oksidasi pirit.

5.2. Saran
Adapun saran pada penelitian ini adalah dilakukannya penelitian
lanjutan pada berbagai dosis dan/atau jenis bahan organik dalam proses

penghambatan oksidasi pirit.
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Appendix 1. Documentation During Research

Photo 3. Soil Weighing and Ameliorant Mixing Process

Sriwijaya University



37

Photo 4. Observation of Puddle Height

Photo 6. Soil Moisture Analysis Process
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Photo 7. Observation of Soil pH

Photo 8. Observing the Value of Dissolved Fe, Dissolved Sulfate Using
Spectrophotometer

Photo 9. Observation of Soil Texture
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Photo 10. Observation of CEC compost

Photo 11.

Observation of C-Organic Compost
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Appendix 2. Weight of Soil Used During Research
Soil Moisture Content : 76.93%

Water content

100 )
76.93

= 1000 gramsx (1+ 100 )

Soil weight = 1000 gramsx (1+

= 1000 gramsx1.76
=1.76 kg

Appendix 3. Calculation of Dose of Organic Matter in Ha.

Known : Organic matter 50g/kg soil (Based on literature)

40

The soil used is an acid sulfate soil with a soil density of 1.3g cm

-3
Organic Material Requirement per ha:
- Soil Weight (assuming effective depth 20 cm) W
X H x Bj
= 10,000 m2x 20cm x 1.3g/cms
=10,000 m2x 0.2 m x 1.3 x 103kg/ms
=26 x 10skg/ha

- Organic Ingredients per ha

=x BO XBO/ha
Bt.Toples Bt/ha

=50 gX BO/ha
1 kg 26 x 10s5kg/ha

=0.05 kg X BO/ha
1 kg 26 x 105kg/ha

BO per ha = 0.05x26x10skg/ha
= 130,000 kg/ha

=130 tons/ha

Note: for each jar containing 1 kg of soil, organic matter is needed

as much as 50g, while the need per hais 130 tons of organic

matter.
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Appendix 4. Layout Plan of Experimental Units in the Field

41

(BoK1)2 (BoK2)1 (B1K2)1 (B1K1)1

(B1K2)3 (B1K1)s3 (BoK2)2 (BoK1)3

(B1K1)2 (BoK1)1 (BoK2)3 (B1K2)2
Information :

BoK1: Treatment without ameliorant with standing water condition maintained at

5 cm during the study.

BoK2: Treatment without ameliorant with stagnant water conditions left for

study.

BiKi: Treatment with ameliorant with standing water conditions maintained at

5 cm during the study.

Bi1K2: Treatment with ameliorant with standing water conditions left

for study.
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Appendix 5. Initial Soil Sample Characterization Data

Moisture Content Data Initial Soil Sample

Known: BTB = 19.25 grams

BTK =10.88 grams

BTB-BTK

- 0,
Water Content = BTK X 100%

=19.25-10.88 x 100%
10.88

=76.93%

Data on Pyrite Content of Initial Soil
Samples Known: BTKM = 0.56 gram
abs =0.343 ppm

50
BTKM

50
:ﬁ X 10 x 2.375 x 0.343

=720.65

10
FeS2= X _1 X 2,375 x Abs

50
(1000 ) x (FeS2 x 100)

1000

Pyrite content =

= 3.60%

Dissolved Fe Value Data Initial Soil

Sample Known: Abs =0.2

25 10
Fe=BFKMWM X 2xAbsx3.9

25 10

=056X%X2x02x3.9
=172.50 ppm

Dissolved Sulfate Data Initial Soil Sample

Known : Abs = 0.668

25 10

Sulfate = BTKM X 5§ X Abs x 7.6

42
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25 10

=(0.56 X 5 x0.668 x

7.6 =449.11 ppm

Texture Data of Initial Soil
Sample Known : Ri= 26
R2=10
% Sand = (w — (R1+ (T—-20) x 0.4)) x 2
=(50- (26 + (27 - 20) x 0.4)) x 2

=42.4%

% Clay = (R2+ ((T—-20)x 0.4) x 2
= (10 + ((27 = 20) x 0.4) X 2 =
25.6%

% Dust = 100% - (% Sand + % Clay)
= 100% - (42.4% + 25.6%) =
32%

Initial Soil Sample Texture = Clay

43
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Appendix 6. Table of Compost Quality Standards (SNI: 19-7030-2004)

Compost Quality Standard

Parameter Unit _

Min Max
C-Organic % 9.80 32
Water content % - 50

Source : SNI 19-7030-2004
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Appendix 7. Characterization of Organic Matter Data
Compost Moisture Content

BTB =5.04

BTK = 3.55

BTB-BTK
Water Content :W X 100%
_5.04 357
~ 357

=41.17%

x 100%

Composting C-organic Data

Itis known that T = W =0.1 gram

106B=691N=1

36 100 100

X X
12000 77 W

% C-Organic = (t —b) x N x

100
= (10.6 — 6.91) x 1 x 0.003 x 1.298 x E
=(10.6 -6.91) x 1 x 0.003 x 1.298 x 1000 =
14.4%
% BO=14.36 x 1.724

=24.75%

Compost CEC Data
P=8
20 25 100

KTK = 1x 1X1000XO'05XP

=20y 25y 100, 505x 8

1 1 1000
= 20.08 me/100g

45
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Appendix 8. Moisture Content

46

K . Treatment Moisture Contentz(%) On Incubation Day To-

Treatment
18 25 29 34 41
BoK2 112.55 65.04 50.68 13.80 9.09
BiK2 101.92 69.47 38.25 16.32 8.75
Source : Data analysis results in the Laboratory of Chemistry, Biology, and Soil Fertility

Department of Soil, Faculty of Agriculture, Sriwijaya University.

Calculation of Water Content Treatment BoK20n Day 41: It
is known: BTB =5.28 grams
BTK =4.84 grams

BTB-BTK
Moisture Content (%) :W x 100%
~5.284.84 100%
T 484 U7
=9.09%
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Appendix 9. Soil pH Data

Final Analysis Result Data

47

Soil pH Value
Water Condition (K) Organic Ingredients (B) Average
Bo B1
K1 4.7 5.7 5.2
K2 3.3 3.8 3.5
Average 4 4.7
Source : Data analysis results in the Laboratory of Chemistry, Biology, and Soil

Fertility, Department of Soil, Faculty of Agriculture, Sriwijaya University.

F Test Analysis Results

F Table
Sk Db Jk kt F count
F5% F1%
Treatment 3 10,16 3.38 37.46** 4.07 7.59
B 1 1.66 1.66 18,40** 532 11.26
K 1 8.38 8.38 92.68** 532 11.26
BK 1 0.11 0.11 1.30mr 532 11.26
Error 8 0.72 0.09
Total 11 10.89
Information :mr = Influence is not real

** = Very real effect

KT error

KK= = x100%
=090,
17.6 x 100%
=1.7%
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Appendix 10. Soil Dissolved Sulfate Data

Analysis of dissolved sulfate using ANOVA.

48

Summary Count Sum Average Variance
K1 2 42.87211 21.43606 61,38654
K2 2 26,91241 13,45621 17.51913
Bo 2 43,39207 21,69604 55.76044
B1 2 26,39246 13,19623 14,57652
Source . Data analysis results in the Laboratory of Chemistry, Biology, and Soil Fertility,
Department of Soil, Faculty of Agriculture, Sriwijaya University.
Anova Sulfate
e ot SsS df MS F Pvalue  Fecrit
Water Condition 63.67801 1 63.67801 9.562771 0.199111mr161.4476
Organic Ingredients 72.24672 1 72.24672 10.84957 0.187644m:161.4476
Error 6,65895 1 6,65895
Total 142.5837 3
Information :mr = Influence is not real
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Appendix 11. Soil Dissolved Fe Data

Dissolved Fe analysis using ANOVA on day 8.

49

Summary Count Sum Average Variance

K1 2 1.013181 0.506591 0.000529

K2 2 1.520035 0.760017 0.000451

Bo 2 1.297891 0.648945 0.031798

B1 2 1.235325 0.617663 0.032428
Source : Data analysis results in the Laboratory of Chemistry, Biology, and Soil

Fertility, Department of Soil, Faculty of Agriculture, Sriwijaya University.

Anova Fe
Source of .
Variation SS df MS F P-value F crit
Water Condition 0.064225 1 0.064225 41560.0188 0.0031** 161.4476

Ingredient

Organic 0.000979 1 0.000979 633.2624 0.0253** 161.4476
Error 0.000002 1 0.000002
Total 0.065205 3

Description: ** = Very real effect
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