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Abstract

The addition of biochar for soil enrichment deriviedm the combustion of agricultural waste with iligal
oxygen was potentially good for the improvemensoif characteristic, due to the fact that organiwvas still
intact in that black carbon (biochar) . This reshawvas conducted in the laboratory and in the dreese from
April through June 2013, using the Split Plot Desigith 3 replicates. The main plot was a kind canic
matter that consisted of chicken manure, rice hushisken manure biochar and rice husk biochar. Stimplot
was the dose of organic matter that consisted tfna" , 3 tons hd, 6 tons ha, 9 tons ha' , and 12 tons ha
! Pyrolysis combustion changed in the charastiesi of organic matter, due to the degradatiorsahe
organic components in the chicken dung and ric&kdjughich also directly caused the degradationtof
functional groups. Giving rice husk biochar witte toptimum dose of 55.72 g pobr 9.28 tons Hain the soil
contaminated by garment liquid-waste improved sbidracteristic by the decreasing of the bulk dgnsi
availability of heavy metal concentrations (Cu, B, and Cr) in the soil and increasing the totéll gorosity,
the CEC (Cation Exchange Capacity), the availghilf P, the availability of K in the soil. Théccelerates the
growth of corn plants that produce the maximum seeight of 509.325 g pdtor 18.19 tons ha

Keywords: biochar,soil characteristics, heavy metal, seeidhte

1. Introduction

The unusually rapid development of the textile stdy in Bali today and its uncontrollable deposifswaste
discharge brings worries for the environmental yt@h. Some of them are the pollution of the wae=ources
and agricultural land around it. Further impactthgt it can damage the soil physically, chemicallyd

biologically, and eventually degrade the qualitd @mantity of agricultural product. Another imp&that there
is an accumulation of heavy metals in the watersamildthat come from the garments’ liquid waste.

Nowadays, the food crops such as maize in the lwvikouth of Denpasar is confronted with management
problems of the land which has low potentiality asuitability and irrigation water contaminated Hyet
garments’ liquid waste. Some garment businessessargkn printing businesses at the household lavel
Denpasar do not manage their liquid waste, but [gss right to the irrigation channel, so tha #gricultural
land being polluted by liquid waste is unavoidabie2010, the production of maize in Denpasar coordyg
from the Districts of East Denpasar and South Dsapwith the total of, respectively, 9630 tons 8287 tons,
where most of the land areas being planted havetdtay content of organic C and N and being potiutsy
garments’ waste water containing heavy metals siscBu , Pb , Cd and Cr with its concentration adlotire
value of pollution ( Denpasar City Agriculture @i, 2011) .

The addition of biochar to agricultural land wiltquide considerable benefits, in a way that it danthe
physical and chemical properties of the soil, retmater and prevent the soil from erosion, due tisihe fact
that lands have wider surface areas, enrichingotiganic carbon in the soil, thus indirectly inceasop
production ( Ismailet al 2011). This is supported by the results of rededry Chanet al, (2007), who
demonstrated that the application of biochar careimse the soil organic C, the soil pH, the soilcttire, the
soil CEC, and the soil water storage capacity.dased crop yields through the use of biochar atsirs in
maize, cowpea and groundnut (Yamatoal, 2006), soybean ( Taga al, 2008) , upland rice ( Asai al,
2009) and rice on acid sulfate soil ( Masulili, D1

Besides, the addition of organic material and rlogcmeasures provide a great advantage. The typica
compounds which are able to participate in the &ifom of complex compounds and ion exchange in the
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presence of organic matter are functional grough s carboxyl (-COOH), hydroxyl (-OH), karbonit G==
0), methoxyl (-OCH), and amino (-NkK). One of the organic materials that can be usetifichar material is
rice husk waste and chicken manure whose avathalsliabundant and locally available. Rice huskchar and
chicken manure biochar have different physical ahdmical characteristics that enable to repair shié
degraded by garments’ waste water.

2. Materials and Methods
2.1. Location & Research Materials

Soil samples were taken from the rice-field, in &ilCuculan South Denpasar, whose daily irrigatiatewwas
contaminated by garments’ waste water with thedeptl5-20 cm. The biochar and the organic matevie
taken from the organic waste of rice husks andkemananure from areas where the research were ctattu
The research activities were carried out in theegheuse laboratory, Faculty of Agriculture of Udaya
University (Unud). The analysis was conducted i $oil Lab of Faculty of Agricultureof Unud, the @lgtical
Lab of Unud, the MIPA’s Microbiology Lab of Unuché¢ Mathematics and Science joined Lab of Unud,thed
Civil Engineering Lab of Unud.

2.2.The Design of Experiments and Procedures

The incubation process was carried out for 1 mantbontaminated liquid waste garment soil, with iy
filtered with a sieve < 2mm. Then a 12 kg of lanakvput into a polybag with as much as 1.72 | de@mhwater
added into it to reach the field capacity, andlést, the Biochar and the organic matters werantatit with the
dose depending on the treatment.

The pot research was conducted in the greenhoursg asplit-plot design with 3 times of repetatidie main
plot is a type of organic matters consisting ofrfmgredients, namely,

P = Chicken Manure

Q = Rice Bran

R = Chicken Manure Biochar
S = Rice Husk Biochar

While the lesser plots are composed of organicendtise of 5 levels, namely,

DO = Control

D1 = 3 tons ha (18 g pot)
D2 = 6 tons ha (36 g pot)
D3 = 9 tons ha (54 g pot)
D4 =12 thd (72 g pot)

2.3. Procedure Making Biochar

The manufacturing process used a kind of coveoataier stove made from a simple pertamina druth anm
inner diameter of 56 cm and height 42 cm. The ehicknanure was wind-dried for 7 days on the floothef
warehouse until it reached 15 % moisture contentirig the drying process of sorting and filteritg tmaterial
a 4 cm diameter sieve was used in order to gesdinge size, so that in the heating process thenigeaths
spread equally.

The chicken manure which had been prepared in weyh5 kg was then put into a drum and heatedhen t
stove using firewood and coconut fibers (the Idaal substance). The heating was done until thecolah was
formed which took about 5 hours and the temperatas measured every hour, where the average of the
temperature was 286. From the process of making biochar in this wasytield obtained was 68% biochar.

The process of making the rice husk biochar, whielk also in the form of charcoal, was similar te ihocess
of making the chicken manure biochar, The diffeeem@as that there was no process of sorting thehbipc
except the checking of the water level to ensureai closer to 12%. Heating was also done untitazia was

formed which took approximately 5 hours. In thisgess a yield of 70% was obtained.

2.3. Analytical Procedures of Soil Characteristics, Biac and Organic Matter

An Initial quantitative analysis was conducted be &ir-dried soil, biochar and organic matter ussegeral
parameters such as: pH with a pH meter, EC (EtadtConductivity) with a Conductivity meter, OrgarnC
with Walkley’s and Black’'s method, total N with tgeldhall method, P & K is available with the methof
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Bry-1, CEC & Base Saturation with NBAc extraction method, soil porosity with gravimetmethod and,
Bulk Density with gravimetric method and ring sde® Analysis of the availability of heavy metatsthe soil

as a result of treatment during incubation usingTEDextraction of heavy metals concentrations were
subsequently analyzed by means of AAS. Percenthgieecair-dried water content and the field capaeite
analyzed with grafimetri method, and the measurénoérthe content of elements Ca, Mg, Na, and Si is
conducted by using a tool called LIBS (Laser Indu&reakdown Spectroscopy). The analysis of thel tota
microorganism content of bacteria and fungi in $bé as a result of treatment was conducted byguBiatting
Method.

2.5. Using Quallitative Procedure in Analysing Biacland Organic Matter

The characterization of the qualitative analysiss warried out by using FT-IR spectra (Forier Transf
Infrared spectrometry) in order to get a qualitpicture of the functional groups as well as thene of the
groups, by softening the material to be analyzebddeltome a polder, then the compound KBr was adu¢idei
ratio 1:3, and the mixture was stirred until it Bee homogeneous. Then the mixture was printedfutaato a
solid thin pellet, its spectra aromatic compoundsevanalyzed by putting it into Spectrometer IrddarThe
morphological differences and the surface micrastme of the rice husk biochar and the chicken manu
biochar were analyzed by using SEM (Scaning Eleetidicroscope).

2.6. Statistic Analysis

The differences due to the treatment on soil and ptant against the observed parameters were zatlyy
using ANOVA followed by Duncant test with an errate of 5% (P <0.05), and quadratic regressicsetothe
optimum dose. All statistical analyzes were perfedmsing the Costat.

3. Results and Discussion
3.1. Quantitative and Qualitative Characteristidstiee Biochar and the Organic Matters

The results of the laboratory analysis on the dtarsstics of organic matters after being changeahtjtatively
into biochar, as shown in Table 1, showed thatetheere physical, chemical and biological changethe
characteristics of the organic matter.

Based on the typical uptake standard of the FTplétsum by Skoog, Holler, Nieman, 1998 , the analgbthe
infrared spectrum in chicken manure and chickenuramiochar ingredient showed the presence of akver
functional groups. The spectrum of the FT-IR analy¢sults on chicken manure and chicken manurehbio
showed a significant difference (Figure.1 and R) the case with the results of the FT-IR analgsisthe rice
husk biochar. It showed a significant differencig(ife 3 and 4).

Table 1 . Characteristics of some organic matter

Characteristics Chicken Rice Chicken Manure Rice sk
Manure Bran Biochar Biochar

Water content (%) 15.97 11.56 8.41 7.09
Particle Density(g cf) - - 0.95 0.82
EC (mmhos cm) 50.2 - 7.76 59
pH 8 - 7.2 8.11
N Total (%) 0.26 0.35 0.17 0.23
P available (ppm) 1071.78 - 743.12 583.59
K available (ppm) 1151.25 - 773.63 900.7
CEC (me ¢) - - 29.27 20.78
Base Saturation (%) - - 198.52 115.46
K (%) 14,26 18,37 11,95 37,22
Ca(%) 54,50 63,83 59,38 -
Mg (%) - - 3.08 -
Na (%) 15,83 17,78 15,14 34,03
Si (%) 4,85 - 2,78 -
C organic (%) 24.85 43.77 25.34 20.86
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Figure 1 Spectra (FT-IR) of chicken manure organatter
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Figure 4 Spectra (FT-IR) rice husk biochar

In the pyrolysis process from the organic chickeanare into chicken manure biochar, after the FtRlysis
a new functional group of alkenes (C-H), aromaficC), and amine (C—N) was formed. Likewise, whee ri
husk was converted into biochar by pyrolysis cortibnsa new aromatic functional group (C=C), ami@eN)
and nitro functional groups (NPwas formed.

Pyrolysis combustion would result in some degraaatf the organic components in chicken manure raoed
husks, which directly affected its functional greup degrade. The emergence of new functional grevguld
lead to an increase in the higher degree of araihativhich would also contribute to the stabildf/the organic
C, more than before it was processed to becoméhdio&ach group in the molecule generally had oits
characteristics, so that the intensity of the gitmm band was a measure of the concentrationtyiaal group
owned by the substance. According to Hanudin (2084)anic material contains many compounds composed
functional groups of organic acids. The presencaromatic functional group (C=C) was high on riaesk
biochar, as shown by the results of the analysiTof IR absorption wave in Figure 3 with 1514.1@"cand
1550.70 crit, which could potentially lead to soil aggregatiorgreasing the content of organic C, and organo
mineral complexes. Stephen (2004) said that an @ioroompound was a compound that had a ring streict
and a double bond, is stable and degradation aesisthe formation of carboxylate groups (O-H) be wave
absorption 3392.79 chand 3554.81 cthand the appearance of the negative charge ofat®oxyl group
(C-0) in the catchment area 1172.72%wm ould allow the rising value of CEC.

The results of the analysis of biochar charactédmaof chicken manure and rice husk biochars tYho8EM
pictures with the magnification of 2000 times, &svfound out that they had different morphologfoains and
microstructure (Fig. 5 and 6). The results of chitknanure biochar characterization through SEM @nagith
the magnification of 2000 times, it was found thavas visibly clear from its morphological forntsat it had a
lot of open pores, but the pores were smaller tharrice husk biochar’s in the same spacious ia® um and
its micro-structure was neatly organized with srheobking granules compared to that of the ricekhhiechar.
So, the pores on chicken manure biochar had smabissrption power compared to those existing ponesce
husk biochar. This was supported also by the eaflthe study by Pohan (2002) who found that hiask
biochar’s surface area was 2008 gi.
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Figure 6. Chicken manure Biochar SEM with a magatibn of 2000x

3.2. Physical, Chemical, and Biological Charact#ds of the Soil after Treatment
3.2.1. Effect of Dose and Type of Organic Mattett@nSoil's Physical Characteristics

A real significant interaction happened to the paaters bulk density particle denstiy, and totalogdy.
Chicken manure biochar Treatment combined with sedaf 12 tons haprovided the highest value of total
porosity, and decreasing of the bulk density caeghavith other treatments (Table 2).

The decrease in the value of the bulk density axtualue to the formation of soil aggregates, andhd made
more so by the presence of high aromatic functigmalip and a carboxylic group in the inception ta# tice
husk biochar, as shown by the results of FT-IRymislin Figure 3. The biochar was able to imprdwe goil's
physical characteristic, such as improved soil eggtion, water-binding capacity, pH, CEC and swérgth (
Lehmanet al, 2003; Lianget al, 2006; Charet al, 2008) The decrease of the bulk density andrtbeease in
porosity of the soil on the ground which was githa rice husk biochar was also associated withwioker
surface area of the rice husk biochar compared etiter organic materials.
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Table 2. The effects of interaction between thetgpd dose of the organic matters on some parasnafténe
physical and chemical characteristics in the dtér&85-days of incubation.

Soil's Physical characteristics Soil's Chemical chacteristics
Treatment DBUIk. Partlc_le Tota_l Available CEC Available K
ensity Density porosity P (ppm) (me/100g) (ppm)
(gen®  (gent) (%) PP 9 P
PDO 1.050° 2.152! 51.208% 150.53° 25.83° 134.00%
PD1 0.956° 2.558%  62.589" 185.34% 27.85% 148.56™
PD2 0.940°¢ 2.635°  64.309° 205.30% 26.67° 147.97°
PD3 0.8929 2.650°¢  66.353¢ 231.24¢ 30.26%°  176.43°
PD4 0.877" 2.7622%  68.223° 276.26° 30.55% 184.70°
QDO 1.050° 2.152)  51.208% 150.53' 25.83° 134.00%
QD1 0.960° 2.3909 59.831' 154.32° 28.81°¢  112.03
QD2 0.925¢ 2.686°  65.552° 159.25° 29.08"¢  139.70%
QD3 0.912° 2.706°  66.358 161.99° 29.53¢  136.35%%
QD4 0.829’ 2.739%  69.735% 172.48%"  29.35°¢  143.92%
RDO 1.050° 2.152!  51.208% 150.53' 25.83' 134.00%
RD1 0.924¢ 2.205'  55.659’ 173.94%"  26.89° 143.29%
RD2 0.881" 2.4059  63.611°¢ 226.81 27.79% 138.25%
RD3 0.851' 2.456°  65.349° 245 26° 28.54%%€ 173472
RD4 0.819X 2505°  67.300°¢ 290.85° 30.6%° 178.73%
SDO 1.050° 2.152! 51.208% 150.53' 25.83' 134.00%
SD1 0.953° 2.337"  59.210' 162.46° 28.96"™¢  12551°
SD2 0.916° 2.480°  62.355" 182.57%"  30.39%¢  138.64°°
SD3 0.910° 2.502°  63.389°¢ 173.34%"  30.78% 142.74%
SD4 0.811' 2.702°  69.824% 219.38" 31.55% 158.70°

Description: Figures followed by the same letteth@ same column are not significantly differenbt level of
the Duncan't test

This was in accordance with the results of the yamislof the SEM image with the magnification of RR0as
shown in Figure 5. This was supported also by ésalts of the study by Pohan (2002) who found thatrice
husk biochar had surface area of 2006 Thies and Rillig ( 2009) stated that biochar wéen used as an
absorbent as it had a large surface area, evematdtieusand times larger than the other sorberienah
sources.
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Figure 7 Relationships between Bulk Density ancBity In Various Treatments
In addition, carbon sorbents such as biochar has beown to have a very high affinity ( Lohmatral, 2005;
Brandli et al, 2008). The pattern of relationship between tbeogity of the soil's bulk density at various
treatment combinations of different types of orgamaterials and the dose indicated that the higferbulk
density value then the lower the porosity valu¢heftotal soil (Figure 7). This could happen duarnancrease
in the soil organic C as a result of the treatmeithh a dose of organic material types. The organaterials
supplied would decompose into the soil which preduorganic acids that have an important role in the
granulation of the compacted soil, and, thus, &nel lbecame a nest.
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3.2.2. The Effect of Dose and Type of the Orgaratte on the Soil's Chemical Characteristics

A very significant interaction happened to soméhef parameters being observed, except in the paessneH,
total N, and basa saturation. Chicken manure bio€heatment combined with a dose of 12 ton3 peovided
the highest value of available P, CEC, and K comgpawith other treatments (Table 2). A real sigaific
interaction happened to the availability of met&ld, Cr, and Cu, whereas the interaction of Pb isreal.
Increasing doses of each of the organic matterklcignificantly reduce the availability of heavyetals Cd,
Cr, and Cu in soil (Table 3).

Figure 8 showed the relationship between the CECtla@ availability of heavy metals of Pb and Cwamious

treatment combinations, where the higher the CHGevtnen the smaller the value of availability bé theavy
metals and vice versa. Figure 9 also showed tlaioakhip between the CEC and the availability edvy

metals of Cd and Cr in various treatment combimastiovhere the higher the CEC value then the sméiker
value of its availability.

Table 3. Effect of dose interaction and the typergfanic matter on the availability of some heawgtah
concentration in soil after 35 days of incubation

The concentration of heavy metal availability (mg k%)

Treatment cd Cr cu
PDO 0.198° 0.074°2 16.600°
PD1 0.149" 0.060° 15.466 >
PD2 0.148" 0.057° 15.36 6™
PD3 0.1421 0.048°¢ 14.636 °©
PD4 0.139% 0.038¢ 14.286 ¢
QDO 0.198° 0.074°2 16.600°
QD1 0.164 0.036 14.173°¢
QD2 0.160 9" 0.031 13.89 3
QD3 0.154 "M 0.024 9N 13.640°
QD4 0.146 0.018 13.553"
RDO 0.198° 0.074° 16.600°
RD1 0.182 0.037% 13.666°
RD2 0.175 % 0.029 ©fen 13.400°
RD3 0.17 0 0.022 "k 12.593°¢
RD4 0.164 0.018 12.120°
SDO 0.198° 0.074°2 16.600°
SD1 0.190 ® 0.02 7™ 13.493
SD2 0.186 " 0.018 14.686 °*°
SD3 0.176 % 0.016 % 14.566 %
SD4 0.169 0.013% 13.493

Description: Figures followed by the same lettethia same column were not significantly differenb% level

of Duncan't test
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Figure 9 Relationship between CEC with the avditglnf metals Cd and Cr in Soil at Various Treatrse

The increased value of the available P, CEC, andakameters and decreased availability of heavy Imeta
concentrations of Cd, Cr and Cu in the rice husichér combined treatment with the dose of a 12htdh,
which, infact, was significantly different from tlo®ntrol, occurred because rice husk biochar hachtility to
increase the soil pH so as to produce higher vel@EC than other treatments that in turns wadntually

be able to absorb heavy metals like Cd, Cr, Cu.,Amgs, its availability in the soil became smalldiore over,
there was an increased value of CEC in the rick higchar because of the appearance of the negatange of
the carboxyl group (C—O) in the catchment areald®172 crit from the result of analysis FT-IR. The increased
value of CEC in the soil with the addition of biactwas also found by Chatal., (2007). Beside that rice husk
biochar has high aromatic series to form organopteres with Cd, Cr, and Cu. Complex compounds farme
from the reaction between the metal ions and oogligiands, in which metal ions or cations as thapient of
electron pairs act as the central atom, while trgamic ligand was an electron pair donor. According
Fessenden and Fessenden (1994), cyclic aromatipazords had a cloud consisting of delocalizeglectrons
on the top and bottom of the flat area of the mdkedn line with the above results Yamatoal,, (2006), found
that the application of bark of mangium Acacia biaicin the soil brings in an increase in the valiggH, total

N, availability of P and CEC. Meanwhile, Lehman alaseph, (2009) found that the repeated applicaifon
biochar in the soil would be able to reduce thaugmdation of heavy metals in it.

3.2.3 The Effect of Biochar Dose and Organic MaRese on the Characteristics of the Soil's Biology

An unreal interaction happened in the organic Gupeters. And, also, the type of organic mattertarddose

of the organic matter showed an unreal effect. higher doses in each organic matter, the greatetdtal
amount of bacteria and fungi in the soil, and wegsa. The highest total amount of fungi was oleim
combinated treatment with doses of 12 toni$ &&825 x 18 CFU g* and the lowest was at control treatment of
64 x 1G CFU ¢g'. Meanwhile, the highest total in the soil bactesias obtained in the rice husk biochar's
combined treatment with a dose of 12 tons$ &840 x 16 CFU g and the lowest in the control treatment was at
57 x 16 CFU g* (Table 4) .

The high value of organic C in rice husk biocharswalated to the recalcitrant nature of C in thee Musk
biochar as a result of the increase of the aronetiel that rice husk biochar has. This was sumgbhly the
results of the FT- IR analysis of the rice huskchar, aromatic functional group (C=C) appears sndatchment
area 1514.12 cthand 1550.77 cth. The high value of organic C in the rice huskchiar followed by the high
value of the bacterial total, that was equal toMBXCFU g* in combined treatment with the rice husk biochar
with the dose of 12 tons fa
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Table 4. The number of total bacteria and fungi ttuéhe influence of dose and type of organic nnatte35
days of incubation

No Treatment Total fungi CFU ¢* Total bacterial CFU g
1 PDO 64 x 10 57 x 16
2 PD1 79 x 10 204 x 16
3 PD2 11 x 18 240 x 16
4 PD3 13,5x 19 264 x 16
5 PD4 14,5 x 19 268 x 16
6 QDO 64 x 10 57 x 16
7 QD1 12 x 18 55,4 x 16
8 QD2 18,5 x 18 60,8 x 16
9 QD3 19,6 x 18 70,4 x 16
10 QD4 25,8 x 1 160 x 10
11 RDO 64 x 10 57 x 16
12 RD1 88 x 10 75,4 x 16
13 RD2 11,2 x 19 20 x 16
14 RD3 12,9x 19 34,8 x 16
15 RD4 13 x 18 36 x 16
16 SDO 64 x 19 57 x 16
17 SD1 99 x 19 74,2 x 16
18 SD2 12,5 x 10 119,9x 16
19 SD3 21 x1d 212 x 16
20 SD4 21.5x 10 40 x 16

This is due because decreasing of availability edvly metals and increasing organic C in biochag hask
which is a good nutrition for bacterial and fungtigity. The results of the study "Teitzel & Pars2B03" find
cell density in cultures d?Pseudomonas aeruginosaere added 0.125 ppm Pb decreased compared Mitinesu
receiving 0.03 ppm Cd. Novakt al (2009 ) found that the biochar application in asiils in the southern U.S.
increased the soil's pH , organic C , Mn , and & it also could reduce the content of the S and Z

3.3 The Effect of dose and type of Organic Maitethe Growth and Yield of Corn

The interaction was highly significant on the wetight of the crop stover, dry weight of the cropvst ovens,
the maximum plant height, and weight of the seestgpt, while the number of leaves on the parameitthe

interaction was not real. The dose of 9 ton$ tan significantly increase the value of the weigged per pot,
the wet weight of the crop stover, the dry weighthe crop stover oven, and maximum plant hegtab(@ 5).

The increased value of the parameter on the weghtveif the total plant per plant, the dry weighttioé¢ total
plant oven, and the maximum height of the plarthanchicken manure biochar combined treatment avilose

of 9 tons ha and the lowest in the control (without a dose xfamic material), could be explained that many
factors support an increase in the value of then @wop growth parameters in which these factorddche
grown individually or simultaneously.
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Table 5. The Effect of interaction of the dose witih type of organic matter on some parameterseofjtowth

and yield of the corn.

Treatment

Growth Parameter and Results

Heavy seeds

Wet weight of stover

Oven dry weight of

The maximum

pot! plant* stover plant plant height

(@) ) @ (cm)
PDO 300,800 286.200' 100.360™ 215.166"
PD1 391,800 324.966 °° 113.738 "% 227.500°¢
PD2 411,500 318.450 1" 106.220°" 231.33 31
PD3 457,200 339.466 " 120.946" 236.333°°
PD4 415,700 314.66 671" 110.191 «f 241.0 00>
QDO 300,800" 287.533" 94,63¢° 219 833"
QD1 376,800° 288.083" 100.828" 233.33 ¥
QD2 353,666° 306.633 %" 107.380 % 235.000°
QD3 455,200 344.216°°% 120.480" 235.833%
QD4 401,200 310.500 9" 108.674 % 244.500°"
RDO 300,800" 294.866 9" 103.897 ¢ 219.166"
RD1 410,700 320.333°"" 112,783 241.733°
RD2 444,300 384.166° 134.458° 250.050°
RD3 515,033 411.800° 143.546° 252.18 3
RD4 482,400 352.683° 123.439° 253.1832
SDO 300,800" 292.20 0" 102.269° 215.166"
sb1 411,500 296.850 9" 103.897°" 229.833"
SD2 447,0007% 322.466 %f" 112.863°% 232.500°"
SD3 555,800 353.716° 123.800° 236.166
SD4 474,300 338.51 6 118.480" 250.333°

Description: Figures followed by the same lettethi@ same column were not significantly differenb% level
of Duncan't test

The increase in the value of the parameter of tilés hemical characteristics like the availalyilnf the P,
CEC, K values and the porosity of the total soilvedl as the declining value of the availabilitytedavy metals
in the soil such as Pb, Cu, Cd, and Cr would alfowthe increase of the soil's biological activizd the
increasing decomposition of organic material ad.Wélis was evidenced from the results of the sttt the
total number of bacteria and fungi increased asirtbeeasing total number of doses of organic maltevas
given. Furthermore, those cations the results @fifcomposition release such as,Nebuld be absorbed by the
biochar, thus inhibited nitrification and decrea#iagl loss of N@. On the other hand a decrease in the solubility
of heavy metals in the soil would be able to redeide adsorbed P with the increasing pH value efstiil, so
that the availability of P is high. The absorptoiithe heavy metals of Pb and Cd by the plant Vifestad by
low soil pH and low soil CEC ( Browat al, 2004; Sukreeyapongse, 2002). While the restiltseo study by
Liang et al, 2006 found an increase in the CEC value of lodan occur via two mechanisms, namely due to
the higher surface area of the biochar for th@oabsorption and the presence of a higher chdegsity on
biochar was causing increasing degree of oxidatidkewise, Glaseret al, 2002 found that oxidation of
aromatic C and the formation of carboxyl groups@mcthar was a major yield of maize in the land aannated
by garment wastewater could be improved by giviegdptimum dose factor that led to a high CEC valle
above phenomena indicate that the growth and afhlig to get maximum results. Regression analysised
the optimum dose of chicken manure 51.264 ¢ mot8.544 tons hawith a maximum grain yield 441.502 g
pot* or 15.767 tons hh. The optimum dose of rice husk 61.65 g'pot 10.275 tons hawith a maximum grain
yield 416.38 g pot or 14.87 tons h&. The optimum dose of chicken manure biochar 58.$8t" or 9.93 tons
ha® with a maximum grain yield 502.589 g padr 17.949 tons ha The optimum dose of rice husk biochar
55.72 g pot or 9.28 tons hawith a maximum grain yield 509.325 g pair 18.19 tons h4.

4. Conclusion

Giving rice husk biochar with a dose of 55,72 g”pot 9.28 tons Hato the soil contaminated by garment
wastewater could improve soil properties such asdiécreasing of the bulk density, increasing thal toil
porosity, increasing CEC, increasing the availabitif P, increasing the availability of K, increagithe total
fungi and total bacterial and the declining avaliigbof heavy metals (Cu, Pb, Cd, and Cr) in tiod.s
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The improvement of the soil properties through pihevision of rice husk biochar to the soil contaated by
garment wastewater resulted in increasing overmdight of stover plafitand yield of maize. The rice husk
biochar gave maximum seed weight of 509.325 ¢ pot18,19 tons hawith an optimum dose of 55,72 g pot
or 9,28 tons ha
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