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Abstract— This research was conducted in soil chemical laboratory, Faculty of Agriculture, Andalas University, Indonesia from
December 2016 until May 2017. The purpose of this research is to determine the level of activeness of powder of Sub-bituminous coal
with Sodium Hydroxide (NaOH) and to determine the appropriate dosage of the mixture in improving the chemical properties of
Ultisols. This research was conducted in 2 stages: first stage study with 10 treatments (1% to 10% (w/w) NaOH) and the second
stage study on soil using 15 treatment combinations (3 doses of powder Sub-bituminous coal with 5 doses of NaOH). The results of the
first stage of research are the addition of NaOH in Sub-bituminous could increase the activity of powder Sub-bituminous coal with
parameters of pH, CEC, and increases the number of O-H, C=0, and GHjroups. The results of stage Il study is the provision of a
mixture of 20 ton.ha' of Sub-bituminous coal powder and 10% of NaOH were able to increases the pH of® CEC, organic-C,
Available-P, and Total-N Ultisol each of 1.49 units, 28.08 me.lObgLGS % C, 2.37 ppm P, 0.06% N, and decreases Al-exch Ultisol by
1.17 me.100g and , SAR Ultisol by 0.03, and ESP Ultisols by 0.82 % compared to natural soil.

Keywords : NaOH; sub-bituminous; ultisols; chemical properties; sodium hydroxide.

available which are the result of the mineralization processes

[. INTRODUCTION of the decomposable parts of the organic material. Because
of its large specific surface area of about 800-98§’mthe
Cation Exchange Capacity (CEC) of soil organic matter
becomes high that is about 150 - 300 cmol / kg. High CEC
on soil organic matter is able to absorb many cations so that
both micro and macronutrients can be met [6].

The humic material is a component of organic material
that can perform the rapid reaction, most active in soil with
electric charge and CEC higher than clay minerals (Tan

a low calorific value, so they are not suitable as fGeb- 2003 in [3]. It also works as Al and Fe toxicity control and

bituminous type has traits not clot, contains a calorific value increa_ses P availability with the provisi_on of a humic
of 4,165 keal (kg} to 5,700 kcal (kgy (ASTM, 2006:cit [2]. material may occur through the formation of complex

Ref. [3] reported thasub-bituminous which is taken from organo-metallic compounds or chelates, so that the activity

Pasaman, West Sumatra can be used as a source of orgargé Al and Fe metals which generally bind P in the soil may

Indonesia is the largest coal producer after China,
America, India and Australia. Coal production in Indonesia
reaches 470.8 million tons in 2014. Indonesia is the world's
largest exporter of coal from 2011 to 2013 [1]. Coal is
grouped into four levels, namely (d)ignite (b) Sub-
bituminous (c) Bituminous (d) Anthracite. Anthracite and
Bituminous has a high calorific value is > 5,700 kcal (kg)
so widely used as a fueBub-bituminous andLignite contain

material because it contains humic substances as much a<® reduc_ed, and no_toxic_t_o the plant. I-_|umic materia_ls can
31.5% (21% of humic acid and 10.5% of fulvic acid). The diréctly improve soil fertility by changing the physical,

humic acid content oSub-bituminous (21%) was higher chemical, and biological soil conditions. Humic materials
can modify growing plant media that enhance soil structure

than the percentage of humic acid contained from other]c A h i holdi ; 4 CEC
organic materials, such as municipal solid waste compostormat'on' increase the soil water holding capacity an

(1.4%), manure (1.6%), rice straw compost (5%), and peatm' . . .

soil (9.2%) [4]. ThereforeSub-bituminous as a source of The presence of humics in soil is necessary for sustainable
humic substances can be used as soil organic matter t@griculture, due to their ability to condition the soil, enhance

improve soil fertility its stability and increase its resistance to erosion, ensure

Soil organic matter is the source of organic CompounOISenhanced biological activity and obtain higher crop yields.

that can be absorbed even in small amounts [5]. OrganicThe humics also have the ability to sequestrate soil

matter acts as a contributor to the amounts of nutrients iond?0/lUtants and may be used in soil remediation. Among
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many other roles, solid humic substances (HS) act as pHreplications, The treatments are: A = 1% of NaOH; B = 2%
buffers and metal binders, and they are places to sequestasf NaOH; C = 3% of NaOH; D = 4% of NaOH; E = 5% of
plant hormones, fertilizers, nutrients, pollutants, and soil NaOH; F = 6% of NaOH; G = 7% of NaOH; H = 8% of
toxics [8]. NaOH; | = 9% of NaOH; J = 10% of NaOH/100sgb-
Organic materials component that plays a vital role in bituminous).
improving the chemical properties of soil is humic Second stage trial used a selected mixture of powder
substances [6]. Humic substances are the end result ofubbituminous from first stages and tested in CRD with 15
decomposition of organic matter in the soil which can be treatments and 2 replications. The treatments are: A= 10
obtained by dissolving the organic material with a inorganic tons.h& Sub-bituminous + without NaOH; B= 10 tons.Ha
solvent such as hydrochloric acid (HCI), fluoride acid (HF), Sub-bituminous + 2.5% of NaOH; C = 10 tons.haub-
boric acid (HBO;) sodium hydroxide (NaOH), sodium bituminous + 5% of NaOH; D = 10 tons.Ha&ub-bituminous
carbonate (NAO;) sodium fluoride (NaF), sodium + 7.5% of NaOH; E = 10 tons.i&ub-bituminous + 10% of
polyphosphate (N&,0;). sodium-EDTA (NaEDTA), and NaOH; F= 20 tons.h&Sub-bituminous + without NaOH; G=
sodium tetraborate (NB4O;) From various solvents that 20 tons.had Sub-bituminous + 2.5% of NaOH; H = 20
have been used, NaOH is the most effective solvent and hatons.h&@ Sub-bituminous + 5% of NaOH; | = 20 tons.ha
the ability to separate quantitative humid material in soil [9]. *Sub-bituminous + 7.5% of NaOH; J = 20 tons.f@ub-
Sub-bituminous utilization can be applied easily by the bituminous + 10% of NaOH; K= 30 tons.Hz8ub-bituminous
farmers. Ref [10] have examined the useutsbituminous + without NaOH; L= 30 tons.haSub-bituminous + 2.5% of
in two forms,sub-bituminous powder and humic substances NaOH; M = 30 tons.h&Sub-bituminous + 5% of NaOH; N
were extracted froraub-bituminous. The results explain that = 30 tons.hd Sub-bituminous + 7.5% of NaOH; O = 30
the ability ofsub-bituminous powder similar to the ability of  tons.hdSub-bituminous + 10% of NaOH.
humic substances in improving soil chemical properties and  Sub-bituminous was taken from the District of Pasaman,
soil fertility. So, the use of sub-bituminous powder is more West Sumatra and then crushed into a powder and sieved
practical than the use of humic material which is extracted with a hammer mill of 125 pm sieve. Ultisol was taken from

with 0.5 N NaOH. Dharmasraya. NaOH was given aquades of field capacity
NaOH can be used as a chemical ager®ubfbituminous and then mixed intoSub-bituminous coal powder, then
powder. It will improve the chemical properties of - incubated for 10 days. After that, the mixture was analyzed

bituminous powder. The research has proven that NaOH canin the laboratory. The results of the analysis stage | was
increase pH, CEC, C-organic, N-total, P-available and lower chosen mixture. It is obtained 5 dosages, they are 0%, 2.5%,
exch-Al [10]. TheSub-bituminous powder can improve the 5%, 7.5%, and 10% NaOH respectively and mixed with
chemical properties of marginal soil. It can be concluded, thesubbituminous powder with appropriate treatment dose and
use of powderedub-bituminous more practical to improve incubated for 10 days. After that, the mixture of
chemical properties marginal soil such as Ultisol. subbituminous powder and NaOH is blended with soil,
Ultisol is one type of soil in Indonesia which has an area (Ultisol, 500 g) in each treatment pot, mixed and incubated
of about 45,794,000 ha equals to 24.3 % of the total landfor 10 days and then analyzed in the laboratory.
area of Indonesia. Ultisol with a large coverage area has the The parameters were observed in the trial of stage I: (1)
potential to be used as an agricultural area in Indonesia. FopH (H,O); (2) CEC; (3) analysis of functional groups by
example, the Ultisol in Dharmasraya District which has an FTIR spectroscopyFourier Transform Infra Red) using the
extensive potential to be used as agricultural land. However correlation table of infrared spectra of coal by [&3]14].
its utilization is faced with several characteristics that can The parameters were tested in stage Il: (1) Organic-C
inhibit the growth of plants [11]. Some of the common (Walkley and Black), (2) Total-N (Kjeldahl) (3) CEC
obstacles in Ultisol are low pH (<4.5), high Exchangeable (leaching with NH,OAc) (4) Al-exch (volumetric), (5)
Aluminum (Al-exch) (2.94 me.100fy poor macronutrient  Available-P(Bray I1) (6) pH HO (electrometric) (7) Sodium
content, especially Phosphorus (P), 52-60% P is absorbed byAdsorption Ratio (SAR), the Exchangeable Sodium
Al, CEC, Potassium (K), Calcium (Ca), Magnesium (Mg), Percentage (ESP), and (8) Electrical Conductivity (EC). The
and low organic matter. Such characteristics may affectdata obtained were analyzed statistically using the F test if F
plant growth and production so that intolerant crops will be calculated is more significant than F Table at 5% level, it

hampered by growth and productivity [12]. will be followed by LSD test at 5% level.
The objective of this research is to determine the level of
activeness of powder of Sub-bituminous coal with Sodium [ll. RESULTS ANDDISCUSSION

Hydroxide (NaOH) and to determine the appropriate dosage i
of the mixture in improving the chemical properties of A Resultsof Sagel Research Analysis
Ultisols. 1) pH H,0O (1:1), and CEC of powder Sub-bituminous :
Effect of NaOH on pH BD (1:1) and CEC o®ub-

II. MATERIAL AND METHOD bituminous powder that has been incubated for 10 days is
esented in Table 1.
Table 1 showed that NaOH is able to increase the g H
(1:1) of Sub-bituminous powder Giving NaOH at 10%
qw/w) is the best treatment in increasing the pH powdér S
bituminous amounting to 7.31 units compared without
NaOH. Increasing pH occurred with increasing doses of

This research was conducted in December 2016 until Maypr
2017 at Soil Laboratory, Faculty of Agriculture, Andalas
University, Padang consisting of 2 stages. The first stage
experiment aims to select the treatment to be used in the soi
experiment (stage Il). This study used the Completely
Randomized Design (CRD) method with 10 treatments and 2
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NaOH are given irsubbituminous powder caused by NaOH  value by 123.81 me.(100§ompared without NaOH. CEC
which is an alkaline compound that can donate hydroxide of Sub-bituminous powder increased due to the humic acid
ions (OH) so that the concentration of OHn Sub- contained in the powder subbituminous undergo
bituminous powder increase and result in the pH increases. deprotonation, namely the release of léns functional
groups of humic acid at pH 9 will lead to the release bf H

TABLE 1 ions from a phenolic hydroxyl group thus increasing the
EFFECTS OFNAOH ON PH AND CEC OFSUB-BITUMINOUS POWDER negative charge which results in increased CEC wf S
bituminous powder [8].
NaOH (%) pHUE:;ZSO) meifgog} 2) Spectrum FTIR of Sub-bituminous Powder : FTIR
534 24.39 results showed th&ub-bituminous Powder has a significant
714 3922 absorption band at 3300 chmumbers (OH), on the wave of
782 57 48 1637 cntt (C = O) conjugated strong, at a wavelength of 996
941 67 76 crn'l(gliphatic ethers, alcohols). FTIR results @Jb- _
983 91i43 bituminous coal powder and 3% NaOH (blue), similar in

functional groups than the FTIR results Sfb-bituminous

Blo|o|~|ojo|s|winvik|o

iggj 12(2)82 coal powder, but the provision of 6% NaOH Bub-

: : bituminous powder resulted in higher absorption intensity at
11.16 119.88 a wavelength of 3350 cfrand 1635 cm which is becoming
11.88 128.34 identifier OH groups and C = O. The appearance of an
12.45 135.46 absorption band at a wavelength of 1388ctrecome
12.65 148.20 identifier of CH,

) N ) Giving a 9% NaOH uptake ofub-bituminous coal
Table 1 also showed that with the aexchition of NaOH in powder, OH, C = O, and GHincreasingly intense that

Sub-bituminous powder cause CEC value also increased. characterize
NaOH at a dose of 10% (w/w) was able to increase the CEC
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Fig.1. FTIR of powder co&dub-bituminous (purple), 3% of NaOH + powder co@lib-bituminous (blue), 6% of NaOH + powder co8lib-bituminous (green),
and 9% of NaOH + powder co&lib-bituminous (red)

the increased activity d®ub-bituminous coal powder. It is capacity of Sub-bituminous coal powder. Increased
also characterized by an increase in pH and CEGubf absorption occurs the group C=0 and OH which is a group
bituminous coal powder. According to Ref. [15], the thatis active in chemical reactions in the soil.

emergence or increase the absorption intensity group

containing a double bond or oxygen-containing group

indicates that there has been an increase in the absorption
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B. Soil Analysis Result AI** and hydroxide ions (OHderived from the ionization
process of NaOH were able to neutralize the hydrogen ions

TABLE Il (H") so that the pH soil increases.
THE ANALYSIS RESULT OF CHEMICAL PROPERTIES OF ULTISOWAGARI
KAMPUNG SURAU, PULAU PUNJUNG, DHARMASRAYA, WEST SUMATERA
TABLE IIl
INDONESIA

EFFECT OF POWDER COAISUB-BITUMINOUSAND NAOH TO PH

Chemical . AND AL-EXCH OFULTISOLS
s Value Criteria
characteristics i} Sub-bituminous . Al-exch
pH 4.36 Very acid Powder+ NaOH pH (uni (me.100d)
Al-exch(me.1009) 2.26 - 10 ton.hd+ 0% 460] 190a
CEC (me.100d) 11.34 medium 10 ton.ha+ 2.5% 5.00 hi 1.45 abcd
Total N (%) 0.03 Very low_ 10 ton.hd+ 5% 5.25 gh 1.35 abcde
Organic C (%) 0.95 Very Low 10 ton.hd+ 7.5% 5.33 fgh 1.14 bede
Available P (ppm) 9.74 low 10 ton.hd+ 10% 5.67 def 0.93de
Na-exch(me.1009 0.11 low 20 ton.hd+ 0% 4.60] 1.79 ab
Ca-exch(me.1008 0.15 Very low 20 ton.had+ 2.5% 5.32 fgh 1.35 abcde
Mg-exch(me.1009) 0.12 Very low 20 ton.hd+ 5% 5.80 cde 1.03 cde
SAR 0.31 normal”_ 20 ton.hd+ 7.5% 6.03 bed 0.93 de
ESP (%) 0.66 Very low 20 ton.hd+ 10% 6.09 abc 0.73 de
EC (dS.n) 1.02 Very low” 30 ton.hd+ 0% 4.69 i 1.67 abc
pH 4.36 Very acid 30 ton.had+ 2.5% 5,56 efg 1.25 abcde
_Al-exch (me.1009) 2.26 - 30 ton.ha+ 5% 6.15 abc 0.93 de
*1) Source : Staf P'usat Pgnelitian Tanah. (1883{ardjowigeno, 2003) 30 ton.ha+ 7.5% 6.21 ab 0.73 de
v ource ggfr'k':e(gg'l'gf;” Tanah (2012) 30 ton.hd+ 10% 6.43 a 0.63 e
cv 1.80 % 15.59%

Table 2 showed that Ultisols have low fertility soil with The numbers followed by the same lower case are not significant at the 5%
pH parameters are very acid, CEC is included in theevelaccordingtoLSD

moderate criterion, Total-N, Organic-C, Ca-exch, Mg-exch,

very low ESP and EC, Available low P as well as low Na- The addition of sub-bituminous powder which has been
exch. This is due to the high rainfall which resulting in mixed with NaOH has a significant effect on the content of

leached alkaline minerals and decomposition of aluminiumexch-Al Ultisol. The best treatment was administered 30
silicate in the form of AT" ions are free to be sequestered in tons / ha oSub-bituminous powder mixed with 10% NaOH
the soil colloids and hydrolysed so that it will donafedns. ~ Will reduce exch-Al by 1.28 me.100"gThe decrease in
This causes the soil becomes acidic. The high Al saturatiorXch-Al content is caused due to humic acid contained from
level in Ultisol also causes P-available in the soil to becomethe Sub-bituminous powder of Al ion fixation so that Al is
low due to the occurrence of P fixation by Al. The content of N0 longer soluble, as the following reaction :

N-total and organic-C in the soil is shallow because leached AI** + RCOO > AI(RCOO),

N in the form of N@ (nitrate) caused by rainfall quite high  the reaction shows that Hlions can be fixed by organic
during the formation of soils resulting in leached of bases 5terial so that At ion does not dissolve and settle.

cations intensively [16]. 2) Organic-C and Total-N of Ultisols: Table 4 shows that
_ _ ) the effect of the dose of powder and Na@m-bituminous
C. Soil Analysis After Incubation is very significant to the content of soil organic C, but no

1) pH H,O (1:1) and Al-exch Ultisol : Giving of powder  Significant effect on soil N. Itis seen that the 20 ton dltr
coal Sub-bituminous that was mixed with NaOH provides a bituminous powder and 10% NaOH is the best treatment to

highly significant effect on pH 0 (1: 1) and Al-exch of  improve the content of organic C of soil where an increase
Ultisol. In general, the more powder cogib-bituminous ~ ©f 1.63% compared with the provision of 10 tori. ud Sub-

and NaOH so higher pH of the soil and the lower Al-exch bituminous. The treatment of 10 ton.haf Sub-bituminous

of soil. The provision of 30 tons.fi@f Sub-bituminous and and 7.5% NaOH has been able to give a significant influence

10% of NaOH is the best treatment that can improve the pHon Soil organic C. ] o

value of 1.84 units and decreased Al-exch of 1.27 me.100 g The provision of 20 ton.Rasubbituminous and 10% of

compared with the provision of treatment to 10 torisola ~ NaOH higher to produce Organic-C than other treatments

Sub-bituminous without NaOH. Results of Ultisol chemical Pecause thesub-bituminous powder that contains carbon

analysis results are presented in Table 3. elements have been decomposed during the incubation
Based on the stage | trial, the addition of NaOH increasePeriod. Based on Ref. [3], the provision sub-bituminous

the pH sub-bituminous powder of up to 7.31 units so that Powder at doses of 0.5; 1,0; and 1.5 % (10, 20, and 30

the pH sub-bituminous becomes 12.65 units for their cargo ton-ha") which was activated by urea increased the content

OH which increase the pH. With the provision of materials Of Soil organic C. This increase is due to higher amounts of

that have an alkaline pH will undoubtedly increase the soil Uréa ingredients, then the contribution to C-organic

(humic acid and fulvic acid) which can form complexes with in more C-organic donations. This is because shie-
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bituminous Powder contains organic-C > 30%. According to TABLEV

Ref. [17], coal comes from consolidated plants between EFFECTOF POWDEFai\ig'&”’é’gi“jﬁl‘s[’o?go"' TOAVAILABLE -P
other rock strata and altered by a combination of heat and

pressure effects over millions of years to form a coal seam.

. : ! Sub-bituminous Available P CEC
T_he S|tuat|0.n crgaj[es the ca}rbo_n content of _coal getting Powder+ NaOH (ppm) (me.100§)
higher. Humic acid is usually rich in ca_rbpn ranging betwee_n 10 ton.ha+ 0% 783 19.76 f
41% and 57% and is capable of providing organic C that iS [ 10 ton.na+ 2.5% 318 34.04 bedef
readily absorbed by plants [10,18]. 10 ton.hd+ 5% 8.22 36.89 abcde
10 ton.hd+ 7.5% 8.65 40.94 abc
TABLE IV 10 ton.hd+ 10% 10.02 48.79 a
EFFECT OF POWDER COAISUB-BITUMINOUS AND NAOH 20 ton.ha+ 0% 9.03 24 .51 ef
TO ORGANIC C AND TOTAL N OFULTISOLS 20 ton.hd+ 2.5% 9.68 35.70 abcde
— _ 20 ton.hd+ 5% 9.71 41.89 abc
Sub-bituminous Organic-C Total-N 20 ton.hd+ 7.5% 9.82 44.03 abc
Powder+ NaOH (%) (%) 20 ton.had+ 10% 10.20 47.84 abc
10 ton.had+ 0% 1.95c¢c 0.16 30 ton.hd+ 0% 8.06 25.94 def
10 ton.ha+ 2.5% 225 be 017 30 ton.hd+ 2.5% 9.17 33.80 cdef
10 ton.had+ 5% 2.40 bc 0.19 30 ton.hd+ 5% 9.41 34.98 abcde
10 ton.ha+ 7.5% 2.75 abc 0.19 30 ton.hd+ 7.5% 9.74 39.51 abcd
10 ton.ha+ 10% 3.01 abc 0.20 30 ton.hd+ 10% 11.73 48.32 ab
20 ton.hd+ 0% 2.34 hc 0.17 Ccv 0.13% 9.70%
20 ton.ha+ 2.5% 3.16 ab 0.17 The numbers followed by the same lower case are not significant at the 5%
20 ton.ha+ 5% 3.19 ab 0.17 level according to LSD
20 ton.hd+ 7.5% 3.21 ab 0.19 L N .
20 ton.ha+ 10% 358a 0.22 The application ofSub-bituminous powder with NaOH
30 ton.ha+ 0% 236 be 017 has not shown any significant effect on P-available of
30 ton.ha+ 2.5% 268 abc 017 Ultisol. This is due to an incomplete humic acid derived
30 ton.ha+ 5% 2.70 abc 0.19 from Sub-bituminous powder in binding Al ions that fix P
30 ton.ha+ 7.5% 2.73 abc 0.20 in the soil. However, judging by the number has increased
30 ton.hd+ 10% 3.07 ab 0.21 along with increased doses 8&fib-bituminous powder and
CcVv 9.80% 7.46% NaOH compared withSub-bituminous powders without

The numbers followed by the same lower case are not significant at the 5% NgOH.

level according to LSD According to Ref. [13], P-available in acidic soil is fixed
by Al and Fe ions. Al and Fe ions that fix the element P in
the soil become difficult to dissolve so it can not be used by
plants. Therefore, soil repair material is needed to increase P
available soil to increase soil fertility as in the following

The application ofSub-bituminous with NaOH have no
significant effect on N-total in Ultisol. This is presumably
because the incubation period is only 10 days resulted in un
perfect Sub-bituminous coal powder, so the element N

X . e ! . . reaction:
contained insub-bituminous is still small. According to H.PO RCOO
research conducted by Ref. [19], tH&ub-bituminous a
treatment with 0.25 N NaOH mixing ingredients only able to | HPO, + 3R-COO > Al RCOO + 3P0,
increase 0.01% N-total soil on a 2 week incubation period
and an increase of 0.02% total N soil compared to a powder H.PO, RCOO

of Sub-bituminous coal.

According to Ref. [20], the application of organic matter
affected the soil total-N and Organic-C significantly.
Increases in rates of organic matter application cause
enhancement of soil chemical properties. Enhancement o
chemical properties occurred due to the content of organi
material. The organic addition could cause organic carbon
accumulation on the topsoil [21].

3) Available P and CEC of Ultisols : The application of
Sub-bituminous coal powder with NaOH has a non-
significant effect on the content of available-P of Ultisols,
but the significant impact to CEC of Ultisols. It is suspected
that the organic acid has not been effective in releasing
fixation P in the soil. But, from Figure 1. it can be seen that
the increase in line with the increased application of dose
of SQub-bituminous coal powder and NaOH compared-
bituminous coal powder.

The provision of 30 ton.Raof sub-bituminous and 10%
of NaOH was able to increase a CEC of Ultisols by 29.03

e.100g' compared with coal powder @ub-bituminous.
ased on the stage | trial, it is shown that the CEQubf
ituminous coal powder is increasing the dose @ib-
ituminous and NaOH with the highest value of 148.20
me.100g. The CEC ofSub-bituminous coal powder is also
increased CEC of Ultisols. According to Ref. [22], the
humic acid derived fronBub-bituminous could influence
the value of CEC in the extreme. Ref. [23] proved that the
treatment ofsub-bituminous powder and 0.25 N NaOH in
Ultisol could increase CEC by 15.27 me / 100 g.

4) SAR (Sodium Absorption Ratio)and ESP
Exchangeable Sodium Percentage) of Ultisols : Giving Sub-
ituminous coal powder and NaOH significantly influence
the value of SAR and ESP, but no significant effect on EC
of Ultisols. Giving Sub-bituminous coal powder and NaOH
has a fluctuating effect on the value of SAR of soil. In the
treatment of 10 and 30 ton:haof powder coalSub-
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bituminous mixed with NaOH fluctuations in the value of | 10 ton.hd+ 10% 0.40
SAR. It is seen that the use of powdesab-bituminous as abced 0.60 bc 0.086
much as 10 and 20 ton / ha has a SAR value of 0.37 and 0.3G 2+ 00 0.34
ARl e 0 ton.ha+ 0% bed 0.60 b 0.094
and impaired SAR when the powder c&ab-bituminous is T3 anc .00 be -
mixed with NaOH then increasing again. This is due to the 20 ton-ha+2.5% %35 0.57 0.074
use of powderedSub-bituminous is capable of binding - anc LAY .
: . . . 20 ton.hd+ 5% 0.42
exchangeable Na ions in the soil thus reducing the SAR abe 0.53 ¢ 0.078
valut_a _compareq to _son early. Similarly, the SAR value on 55 1-oha 7 505 0.46 ab 051 c 0.085
providing Sub-bituminous powder and 2.5% of NaOH [557on hd+ 10% 0.48 a 051 c 0.087
lowering the SAR value because of increased CEQub{ - 0.30
bituminous coal powder suspected Na of soil can still be| 30 ton.hd+ 0% bed 050 ¢ 0.088
bound bySub-bituminous coal powder But along with the 30 ton.hd+ 2.5% 0.27 cd 0.49c 0.086
aexchition of NaOH, the SAR value increased again 30 ton.hd+ 5% 0.24 cd 0.48 ¢ 0.089
allegedly due to increased Na ions in the soil due to the 30 ton.hd+ 7.5% 0.29
aexchition of NaOH and mixe®ub-bituminous powder bcd 0.47c 0.090
already saturated by so many Natrium accumulated in the30 ton.hd+ 10% 0.34
soil. abcd 0.45c 0.091
In the treatment of 20 ton.Haf Sub-bituminous powder cv 12.92% 15.64% 7.97%

an 'ncrease_ in SAR values anng W't_h the aexchition of The numbers followed by the same lower case are not significant at the 5%
NaOH. This is thought to be due to the increased Na contenfevel according to LSD
when given NaOH and does not change the status of existing

Mg and Ca ions. The soil SAR value after NaOH did not EC soils exceeding 4 dSXor more are categorized as
increase the SAR value is very high and is still standing, sosaline soils, and EC values do not reach a value by 2.0, so it

there is no dispersion on the soil. can be stated that the treated Ultisols were normal and did
The application of Sub-bituminous coal powder and not affect the crop [23]

NaOH treatment have very significant effects on the value of
ESP Ultisol. Ultisol ESP value decreases with the use of I\VV. CONCLUSION
powderedsubbituminous and NaOH. This is because NaOH
will donate OH ions so that the pH &fib-bituminous is also
increased. Ref [22] stated that at a relatively high pH

(concentration of His low) will increase the concentration increases the number of O-H, C=0, ands@rbups, i.e. pH

of COO_ which can function as Ilgands on humic acid. The of 7.31 units and CEC amounted to 123.81 me.(10D g)
reason is what causes many Na ions are bound by powdet

i . compared to without NaOH application. The increase in the
ZQEL?]ZBQEE&O;?Jﬁgilrgnrzl d%LOeudps such as COp the provision of NaOH increased pH and CEC powdesaint

The SAR and ESP values of soil after treatment were Sti”bltumlnous, so from that 0% to 10%, NaOH becomes 0 %,

0, 0, 0, 0, 1 il i
reasonable so that not to harm the soil and the plants.2'5A)’ 5%. 7.5% and 10% for treating the soil in core

. . . . . research. The results of stage Il studies is the provision of a
According to Ref. [23] soil belonging to alkaline soils . oo
having S?AR values [of ]more than c?r egqual to 13 and ESI:,m|xture of 20 ton.(ha) Sub-bituminous coal powder and
values of more than or equal to 15 10% of NaOH were able to increase the pH ¢OHCEC,
: T " . organic-C, Available-P, and Total-N Ultisol each of 1.49

The electric conductivity of soil after treatment gives ~ = i

. - A units, 28.08 me.(1009) 1.63 % C, 2.37 ppm P, 0.06% N,
different effects were not statistically significant. EC value and decreases Al-exch Ultisol by 1.17 me.Tb8gd SAR

of soil changed significantly due to the use of powdered | : : 0
NaOH andSub-bituminous coal, but the increased alkalinity Eg,{'j?;l 23(;“0'03’ and ESP Ultisols by 0.82 % compared to

did not increase the value of DHL. This can be attributed to
the value of ESP that the presence of alkaline in soil does
not change significantly.

The results of the first stage of research are the addition of
NaOH in Sub-bituminous could increase the activity &ib-
bituminous coal powder with parameters of pH, CEC, and
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