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Abstract. EC or can be called exchangeable cation is a nutrient cation found
in the soil. This is useful for indicating the degree of alkaline saturation,
which indicates that the more saturated the soil base, the more fertile the
soil will be. This study aims to obtain supporting information to obtain soil
conditions that show the quality of the land as a growing medium. The
method used for texture analysis on this soil refers to SNI 3423.03:1994
and C-Organic content analysis refers to SNI 4720.13:1998. The cation level
test was carried out using NH,OAc solution with a Microwave Plasma
Atomic Emission Spectroscopy (MP-AES) instrument. This instrument has a
principle, namely atomic emission which is a form of energy produced by
an atom when it returns to the ground state (Ground State) of the
excited state (Excitation State). The results of this cation level test with
analyte concentrations of K, Ca, Na and Mg with sample code SJ2022-
01826 successively 0.65; 3,59; 0.82 and 0.94. The amount of cation content
in fertile soil is worth at least 6 mg / L in accordance with the provisions of
the Chemical Technical Manual.
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Introduction

Soil is an important factor in cultiva-
tion, especially as a growing medium. However,
the soil is not absolute, meaning that although
it is suitable, it can still be managed until it is
suitable for planting Eucalyptus Sp. Eucalyptus
Sp. plants can grow well in lowland to highland
areas (0 - 1,800 meters above sea level /
MDPL), with rainfall of 2,000 - 5,000 mm per
year. The plant also needs fertile soil that has
enough water, is not affected by the climate
and has good nutrient shelf life [1].

One of the chemical properties of the
soil is alkaline saturation. Alkaline saturation is
the ratio between the number of alkaline cati-
ons and the number of all cations (meaning
alkaline cations plus acid cations) present in the
soil tissue complex. Alkaline cations are gener-
ally nutrients that are indispensable for
plants. Base nutrients or alkaline nutrient cati-
ons are Ca, Mg, Na, and K which can be meas-
ured in an Exchangeable Cation (EC) test [2].

If a field has poor pH conditions for
planting, then we can increase soil fertility by
increasing the alkaline saturation value of the
soil. One of the efforts to increase the satura-
tion value of the base can be done by liming or
applying NPK fertilizer, Dolomite fertilizer, KCl
fertilizer, etc. By knowing the value of alkaline
saturation, we are able to determine soil fertili-
ty. The soil is said to be fertile if the alkaline
saturation is 280%, it is said to be moderate if it
is 80-50% and infertile if it is <50% [3].

Another factor that determines the
quality of the land soil that is good for planting
is the texture and content of C-Organic. The
texture of the soil is a combination of clay,
dust, and sand. The combination of these three
elements must be balanced so that a good soil
texture is obtained. The good soil texture is
determined based on the type of plant to be
used. If the land owned does not have the de-
sired texture, then the soil can be converted
into the desired texture by adding sand, clay, or
organic fertilizers [4].

Soil texture testing can be done using
the Hydrometric method which is assisted by
an instrument in the form of a soil hydrome-
ter. In this method, a chemical solution in the
form of Sodium Polyphospate (NaPO;) or Na-
Hexametaphospate [(NaPOs);3] can be used to
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extract the elements to be analyzed or rather
break down the sand, clay and dust elements that
unite in the soil sample so that the percentage of
content can be measured. This test is also assisted
by several other instruments such as thermome-
ters to measure the temperature of the solution
and so on [5].

The soil also contains C-Organic which is
used as an indicator of other soil fertility determi-
nants. The content of C-Organic in the soil is very
important, especially in the process of growing
and developing plants planted on the
land. Organic matter in the soil containing the ele-
ment carbon is called C-Organic. This element is
one of the elements needed by the soil to in-
crease fertility so that planting can be carried out
in the soil because C-Organic itself is one of the
foods for soil microorganisms that carry out soil
mineralization processes and recycle organic
matter in the soil. These microorganisms can also
be used as a food source for higher organisms
that can help the process of dilation of soil pores
such as ants so that water and air can flow
properly (Mayer et al., 2020). [6]

C-Organic measurements in soil can be
done using the Walkley and Black method which
uses Redox Titration with compounds in the form
of Potassium Dichromate (K2Cr,0;) or usually
called Dichromatometric Titration. In this experi-
ment, qualitative results will be obtained in the
form of knowing the presence of C-Organic ele-
ments in the sample and quantitatively the
amount of C-Organic content in the soil sample

[71.
Experimental
A. Exchangeable Cation Test (EC)

This testing process begins with the pro-
cessing of soil samples that were originally still in
the form of chunks of soil, dried for 48 hours so
that the water content in them is lost, then con-
tinued by grinding the soil that has dried using a
milling tool until the soil particles become smaller
or can be said to be finer. Then sifting is carried
out to filter the soil sample and not forget the
sample is put into the sample container / plastic
that has been labeled so that there are no tech-
nical errors such as mixing sample sequences and
the like.

After completing the processing of soil
samples, proceed with the manufacture of
NH4OAc chemical solution wusing Ammonium
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Acetate powder as much as 154.16 gr which will
later be dissolved with a small amount of water
and stirred until saturated using a stirrer. After the
solution is thoroughly mixed, it is put into a meas-
uring flask of 2000 ml and added aquades to the
limit.

Sample preparation is carried out for analy-
sis by mixing soil samples that have been treated
and weighed with an analytical balance weighing
2.5 grams and adding a chemical solution of
NH,OAc to extract the desired elements from the
sample so that it can be analyzed qualitatively and
quantitatively. The extraction process is assisted
by a shaker to homogenize the solution and sam-
ple. The process is carried out for 120 minutes
with a shaker speed of 120 turns / minute. Then
continued with the filtration process with What-
mann filter paper No.42 and the filtrate was ana-
lyzed using an instrument in the form of a Micro-
wave Plasma Atomic Emission Spectroscopy (MP-
AES). The analysis process with instruments will
identify the presence of elements to be known
(qualitative analysis) and provide the number of
elemental presence (quantitative analysis) in the
formof mg /| [8].

The instrument used, namely the Microwave
Plasma Atomic Emission Spectroscopy (MP-AES)
uses the principle, namely atomic emission which
is a form of energy produced by an atom when it
returns to the ground state of the excited state
(Excitation State). This situation occurs because
atoms in the ground state are given external ener-
gy which in this experiment is in the form of heat /
heat energy from the plasma produced by the
Torch on the instrument so that it enters an excit-
ed state. Once this external energy is stopped, the
atom will return to the ground state while releas-
ing energy in the form of light intensity in a cer-
tain wave which will be dispersed by the Mono-
chromator so that it can be read by the Detector
and converted into an electrical signal to be trans-
ferred and read on the computer. This tool pro-
duces the data obtained in the form of mg /1 [9].

B. Soil Texture Test

Soil texture testing is carried out using the
Hydrometry method and an instrument in the
form of a Type 152H soil hydrometer which func-
tions based on the principle of Archimedes' Law
which states that "objects that are immersed in
the fluid experience an upward force as heavy as
the fluid is transferred" so that later the density of
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the liquid substance will be calculated [10].

This testing process has the same process as
the Exchangeable Cation Test (EC) for soil man-
agement, and for the process of making a chemi-
cal solution in the form of Kalgon, it is carried out
by weighing 80 g of Sodium Polyphospate pow-
der. Then a little aquadest is added and stirred
with a stirrer until smooth / saturated solu-
tion. Then put in a measuring flask 2000 ml and
add aquadest to the limit while shaking.

Then proceed with weighing soil samples
with as much as 50g. After that, a 20 ml solution
of Kalgon (Sodium Polyphospate) was added to
break down the components of dust, clay and
sand that were fused in the soil sample and also
added 150 ml of aquaades before dispers-
ing. Stirring is carried out to speed up the process
and dispersed in the dispenser so that the solution
can be extracted perfectly for 5 minutes. The dis-
persed solution is poured into a cylindrical glass of
1000 ml to be ready for analysis and added
aquadest to the limit. After this process, it is nec-
essary to allow the dispersed solution to stand so
that it can completely split the clay, sand and dust
components in it for 12 hours. When it is ready to
be analyzed, take measurements / analysis with a
soil hydrometer as much as 2 measure-
ments. Measurement | is carried out by shaking
the solution while adding a 70% alcohol solution
to remove the foam on the surface of the solution
and facilitate the reading of the tool. After stirring
120 seconds, measure with a hydrometer and
wait 40 seconds before reading the tool. While
waiting, use a thermometer to measure the tem-
perature of the solution. Read the measurement
results of the tool and record the results. The val-
ue of the measurement is entered into the formu-
la below:

Formula 1:

(100 — %Water Content)
100

%Sample Weight =

For measurement Il is carried out after 2
hours after measurement |, this is because the
sand content which is the heaviest component
falls to the bottom of the cylindrical glass and
then the clay content can be measured in
it. Measurement 2 has the same measurement
method except that no shaking is carried out and
the addition of 70% alcohol to it [11] . The value of
the measurement is entered into the formula be-
low:
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Formula 2:

Hydrometer Sight I
%Sand =100 — (—

: X 100)
%Sample Weight

Hydrometer Sight IT
%C/ay = (4 0)

%Sample Weight

%Dust =100 — (%Sand + %Clay)

C. C-Organic Content Test

Testing on the content of C-Organic in min-
eral soil and peat samples to be determined to
obtain data on the content of organic matter in
the soil. This is necessary to indicate soil fertility
because the higher the C-Organic content in the
soil, the soil has a large supply of organic matter
and the soil will become more fertile for cultiva-
tion. This test can also be used to determine the
presence of soil microorganisms which help the
soil fertilization process as well as food from high
organisms which are also important in soil fertili-
zation. For example, the higher the C-Organic con-
tent which is the food element of the soil microor-
ganism, the more the presence of these microor-
ganisms and this makes other high organisms such
as ants that install them will be in large numbers
as well. Ants themselves can also play a role in
helping to enlarge pores in the soil which makes
the soil have a good enough space for air and wa-
ter to pass through [12].

Testing the soil C-Organic content in this
laboratory is carried out using the Walkley and
Black methods, namely Redox Titration using Po-
tassium Dichromate (K,Cr,0;) compounds. After
the soil sample was treated, the coarse sample
(2MM) was weighed with an analytical balance
sheet with mineral soil weighing 0.2000 g and for
peat 0.0400 g.

After weighing, a sample of K,Cr,0; was add-
ed using 5 ml of Finnpipette as a solution of rea-
gent compounds to trigger changes that occurred
later in the analysis process. H,SO, of 10 ml was
also added to the solution to speed up the sample
extraction process. Let stand for 30 minutes dur-
ing the extraction process then add aqueous 100
ml and let it rest for 15 minutes. Phosporic Acid
(H3PO,4) of 5 ml was added which aims to form a
Fe[HPO,]+ complex by capturing Fes+ and thereby
preventing premature oxidation of Difenylamine
(DPA) indicators. Added Difenylamine indicator
(DPA) [C13H11N] to indicate the equivalence point
and end point of titration. The addition of the DPA
indicator changes the orange solution to
black. Analysis was carried out with titration tools
in the form of burettes and Erlenmeyer, with a
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titrant for the pentiter, namely FeSO, and the ti-
trate, namely the sample solution. As long as the
analysis occurs, the equivalent point will be
marked by a change in black to deep purple, and
the end point is a change in the color of the solu-
tion to green. The value of the measurement is
entered into the formula below:

Formula 3:

(100 — Water Content (%))
100

Sample Weight (BKM) = Sample Weight (g) X

Dif ference = Last Titration Volume — First Titration Volume

Formula 4:

(Mean m Blanko — Dif ference)

x NFeS04 x 0,30 x f
Sample Weight (BKM) €

% C — Organic =

Information:

Mean m Blank = @
f =1.30

N FeSO, -11

Formula 5:
%0rganic Matter = 1.724 x % C-Organic (BKM)

Results and Discussion

The tests carried out are divided into 3,
namely the determination of Exchangeable
Cations (EC) of mineral and peat soils, the
determination of mineral soil texture and the
determination of C-Organic content in mineral
soils and peatlands. The results obtained from the
analysis carried out by the author are as follows:
1) Exchangeable Cation (EC)/Alkaline Saturation

Based on the data below, it can be known
the content+ of nutrient cations in the form of K+,
Ca+, Na+ and Mg+ which will later be used to
determine the alkaline state / saturation of the
soil analyzed. + As the data below attached, shows
that the percentage of nutrient cations present is
in relatively small amounts for mineral soils. The
cause of the nutrient cation content in the soil at
low levels is this can be due to the influence of soil
composition which causes the soil to lack water,
air circulation that is not smooth and soil-
fertilizing microorganisms that cannot live and
develop. This naturally occurs due to
environmental changes due to temperature and
weather. So that by using the data obtained from
the analysis above, we will be able to overcome
the ugliness of the soil by adding fertilizer like
NPK, Urea or others. Unlike peat soil that have
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a high contents, mineral soil usually have a low
nutrient contents that need to be fixed by adding
fertilizer. Data in Table 1. below is obtained from
the analysis of cation content data with instru-
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ments in the form of MP-AES and for measure-
ment of relief data such as water content ob-
tained from the analysis of the moisture content
of soil samples using the Gravimetric method.

Table 1. Mineral Exchangeable Cation (EC) Test Results

N NO'. Heavy Power Heavy .
o. Lab Posi- Sample Water Sample Analyte Concentration (mg/1)
tion (BKM)
Na Ca Mg K

BLK-01 1 - - - 0,00 0,00 0,00 0,00
BLK-02 2 - - - 0,00 0,00 0,00 0,00
BLK-03 3 - - - 0,00 0,00 0,00 0,00
REFF 4 2,50 4,92 2,38 0,66 3,21 0,90 0,62
SJ2022-01825 5 2,50 0,781 2,48 0,86 3,64 1,07 0,97
SJ2022-01826 6 2,50 0,649 2,48 0,82 3,59 0,94 0,65
SJ2022-01827 7 2,50 0,452 2,49 0,70 1,39 0,90 0,46
NREFF 8 2,50 4,92 2,50 0,67 4,04 0,92 0,64

2) Mineral Soil Texture

Based on Table 2. below, a percentage of
the constituent components of the soil, calls sand
and clay, will be obtained from the measurement
value | and measurement Il using the Hydrometer

instrument. After that, use the data below assist-
ed by the data in Table 3. to define a Texture Class
using the help of a texture triangle by the USDA.

Table 2. Results of Mineral Soil Texture Measurement with Hydrometer

No- L Egii_ zoo nte n\t’\/ater §ample Weight Reading Reading
No. (BKM) % (BKM) Hydrometer I Hydrometer II
BLK 1 - 0 0
REFF 2 4,197 50.00 10 8
SJ2022-01911 3 0,89 50.00 10 3
SJ2022-01911 4 1,00 50.00 8 2
SJ2022-01911 5 2,14 50.00 8 2
DPL-01 6 0,89 50.00 9 2

So, this test aims to determine the texture
of mineral soil on the land to be planted by indus-
trial forest plants as wood producing materials for
industries such as pulp and paper. This test is also
used to obtain the state of soil texture and com-
position which will later be used as one of the de-

termining indicators of land quality (Site Class).
Every company have it's own site class that need
to be done. So using this test will help it to have a
great production on industrial forest wood due to
the fact that the soils has a good condition for
planting.
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The soil itself consists of 3 main compo-
nents, namely sand, clay and dust. And this test
aims to determine the percentage of each compo-
nent in the soil sample to later determine the soil
texture with the help of the texture triangle that
has been established by the USDA (United States
Department of Agriculture) and later find out
what management and countermeasures need to
be done to the land. Using value of the measure-
ments will give a great advantages for finding so-
lutions to the problem which may interfere with
the tree planting process for the industrial pro-
duction. For example, soil with a high clay content
has a texture that is sometimes hard, then poor
air circulation due to lack of space for air cavities
in it is also difficult to absorb water even though it
has the ability to retain water and good nutrient
cations. Conversely, a sand content that is too
high, causes an air and water circulation system
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that is too good so that it does not have the ability
to keep water and good nutrient content. This can
be overcome by changing the composition of the
soil by adding clay, sand or dust.

Based on the contents of the data in Table
2. Above can later be used to determine the con-
tents of Table 3. By using the following Formula 1.
and after that, it will be assisted by the Formula 2,
then the results of the hydrometer reading | will
give % sand in the soil sample and the hydrometer
Il reading will give % clay in the soil sample, which
by adding up % sand and % clay and entering it
into the formula below will get % dust.

Based on the results of Table 3. above, it can
be said that the soil texture in the sample has a
texture in the form of sandy clay except for the
REFF soil texture (reference) which has a sandy
clay texture class.

Table 3. Percentage Results of Mineral Soil Texture Constituent Components

Sand Clay Dust Class

(%) (%) (% Texture

78,70 17,04 4,26 Sandy Loam
79,25 6,22 14,52 Sandy Clay Loam
83,22 4,20 12,59 Sandy Clay Loam
82,61 4,35 13,04 Sandy Clay Loam
81,33 4,15 14,52 Sandy Clay Loam

3) C-Organic Content

Table 4. C-Organic Content Test Results

No. Lab No. Heavy Power  Heavy
Posi- Sample Water  Sample FeSO Volume Requirement, (ml)
tion (2) (%) (BKM)
Early .
Vol. Vol.End Differ-
ence
BLK-01 1 - - - 0,00 5,80 5,80
BLK-02 2 - - - 11,60 5,80
BLK-03 3 - - - 17,40 5,80
REFF 4 0,2000 1,22 0,19756 22,15 4,75
SJ2022-01940 5 0,2001 0,08 0,19984 0,00 5,25 5,25
SJ2022-01941 6 0,2002 0,02 0,19996 11,00 5,75
SJ2022-01942 7 0,2000 0,01 0,19998 16,45 5,45
DPL-01 11 0,2001 0,10 0,19980 16,30 5,20
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Based on Table 4. above, data is obtained
which will provide results on the percentage of C-
Organic content and organic matter in the soil
sample as attached to Table 5. The data is calcu-
lated using Formula 3. and using it, will provide
information about the titration value of the C-
Organic test sample to be used in finding the val-
ue of the actual C-Organic dan Organic Matter
content of the sample as shown in Table 5.

C-Organic test is use for determine the value
of the carbon element in the soil that serves to
fertilize it. Also by carrying out this test, it can be
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indicated the presence of soil-fertilizing microor-
ganisms which will later be increased in number if
necessary. Lack of organic carbon content in the
soil can cause plants to grow less nutrients, and
microorganisms in the soil lack of food sources.
And it can harm the industrial process.

The data listed as attached to Table 5 will be
obtained if value of Table 4. Is calculated using
the Formula 4. and Formula 5. for finding data
from the percentage of C-organic and organic
matter.

Table 5. Percentage of C-Organic Content and Organic Matter

%C-Organic (BKM)

% Organic Matter

Mean m Blanko

2,28
1,18
0,10
0,75

1,29

3,93
2,03
0,17
1,3

2,22

Based on the data of Table 5. above, it can
be concluded that the percentage content of C-
Organic and organic matter in the soil sample is
relatively low, it needs to be addressed. C-Organic
content tends to be low on mineral soils and high
on peat soils composed of a lot of organic matter.
A simple way to fixed it by adding some fertilizer
that containing high value of carbon inside it like
biochar or something familiars.

Conclusion

Based on the research conducted, it can be
concluded that the three tests are very useful for
providing information about soil fertility lev-
els. Because the Exchangeable Cation Test (EC)
provides information in the form of the content of
nutrient cations / nutrients in the soil in the form
of alkaline saturation levels (K+, Ca2+, Na+ and
Mg+), and for the C-Organic Content Test provides
data in the form of a percentage of the amount /
content of C-Organic elements (organic carbon) in
the soil used by microorganisms in the soil that
play a role in increasing soil fertility as food. Also
for the Texture Test, it is useful in providing a per-
centage value of the mineral soil preparation com-

ponents, namely sand, clay and dust that affect
the soil as a planting medium.

Research data show that mineral soils con-
tain low levels of c-organic nutrients and cations,
different from peat soils which have high values.
while the results of texture testing show the tex-
ture class of mineral soils, namely soil in the form
of sandy loam.

Acknowledgments

Thanks to PT. Wirakarya Sakti who has pro-
vided soil samples and also provided a place to
conduct research.

References

[1]  N. Sharma, Viera, M., F.R. Ferndndez and
R.R. Soalleiro. 2016. "Nutritional Prescrip-
tions for Eucalyptus Plantations: Lessons
Learned from Spain". Forest. Vol. 7 (84) : 1-
15.

[2]  Marcos, D.L., C.M. Ruiz, M.B. Turrion, M.
Jonard, H. Titeux, Q. Ponette and F. Bra-
vo. 2018. "Soil CarbonStocks and Exchange-
able Cations in Monospecific and Mixed

ARTICLES | No. 2 Vol. 6 : 268-275 (2022) | DOI: https://doi.org/10.19109/alkimia.v6i2.14509 274



3]

[4]

(5]

6]

[7]

(8]

[9]

[10]

[11]

ARTICLES

Pine Forests". European Journal of Forest
Research. Vol. 1 (1) : 1-17.

Wacal, C., N. Ogata, D. Basalirwa, D. Sasaga-
wa, T. Masunaga, S. Yamamoto and E. Nishi-
hara. 2019. "Growth and K Nutrition of Ses-
ame (Sesamum Indicum L.)Seedlings as
Affected by Balancing Soil Exchangeable
Cations Ca, Mg and K of Continuously
MonocroppedSoil From Upland Fields Con-
verted Paddy”. Agronomy. Vol. 9 (819) : 1-
14,

Barman, you and R.D. Choudhury. 2020.
"Soil Texture Classsification Using Multi
Class Support VectorMachine". Information
Processing in Agriculture. Vol. 1 (7) : 318-
332.

Gangwar, D.P and M. Baskar. 2020.
"Texture Determination of Soil by Hydrome-
ter Method For Forensic Pur-
pose". Chemical Journal. Vol. 1 (1) : 1-7.
Mayer, M., C.E. Prescott, W.E.A. Abaker, L.
Augusto, L. Cecillon, G.W.D. Ferreira, J.
James, R. Jandl, K. Katzensteiner, J.P. Laclau,
J. Laganiere, Y. Nouvellon, D. Pare, J.A.
Stanturf, E.l. Vanguelova and L. Vester-
dal. 2020. "Tamm Review : Influence of For-
est Management Activities On Soil Organic
Carbon Stocks A Knowledge Synthe-
sis". Forest Ecology and Management. Vol.
446 (1) : 1-25.

Aregahegn, Z. 2020. "Optimization of The
Analytical Method for The Determination of
Organik Matter". Journal of Soil Science and
Environmental Management. Vol. 1 (1) : 1-
5.

Sahbudin., Khairullah and Sufardi. 2020.
"Soil Acidification and Cation Exchange
Properties on Mollisols and Ultisols in Dry
Land of Aceh Besar Regency".Journal of
Agricultural Student Imiah. Vol. 5 (3) : 25-
34.

Kong, X., D. Li, X. Song and G. Zhang. 2021.
"Comparison of Highly-Weathered Acid Soil
CEC Determined by NH40Ac (pH=7.0) Ex-
change Method and BaCl2-MgS04 Forced
Exchange Method". Agricultural Scienc-
es. Vol. 12 (1) : 917-927.

Sedlackova, K and L. Sevelova. 2021.
"Comparison of Laser Diffraction Method
and Hydrometer Method For Soil Particle
Size Distribution Analysis". Acta hort re-
giotec. Vol. 24 (1) : 49-55.

Fadhli, R and T. Andoyono.2022. "The

[12]

ALKIMIA
Jurnal limu Kimia dan Terapan

Effect of Soil Texture on Infiltration Capacity
in Settlement Development Area in Kuranji
District, Padang City". Journal of Civil Engi-
neering. Vol. 11 (1) : 72-79.

Prijono, S. 2021.Land Management in
Coffee Plantations. Malang : UB Press.

ARTICLES | No. 2 Vol. 6 : 268-275 (2022) | DOI: https://doi.org/10.19109/alkimia.v6i2.14509

275



