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Abstract

Rosariastuti, R., Taruno, D., Hartati, S. & Atmojo, S. W. (2018). Effect of bioremediation in soil of paddyfield con-
taminated by chromium (Cr) on soil fertility and chromium uptake by plant in Karanganyar, Central Java. Bulgar-
ian Journal of Agricultural Science, 24(6), 1027-1033

This research aimed to study the effect of bioremediation of soil contaminated by chromium on soil fertility and studying the
Chromium uptake of rami and mendong during the bioremediation process. Field experiment was conducted in Waru Village,
Kebakkramat, Karanganyar on May to November 2016. This research design was factorial using Completely Randomized Block
Design as the based design consist of three factors: inorganic fertilizers (P), chelator (B), and plant (T). Variables observed were:
N total, P available, K exchange, C organic, soil pH, total Cr, colony of bacteria, and plant biomass. Data was analyzed by statisti-
cal analysis using Anova test then continued by Duncan Multiple Range Test and Pearson’s correlation test. The results showed
that bioremediaton treatment affected to several parameters. If it compared with control, the effect of bioremediation to soil fertil-
ity was an increase of N total by 40.9%, P available by 11.34%, K exchange by 2.71 %, C organic by 34.78%, and soil bacteria by
8.76% and decrease of soil Cr levels by 12.35% and soil pH by 3.03%. Rami plants uptaking of chromium was higher than that
in mendong plants by 37.29%, i.e. with the average Cr uptake of rami 92.85 pg and mendong 72 pg.

Keywords: paddyfield; bioremediation; chromium; soil fertility; rami; mendong
Abbreviations: DMRT — Duncan Multiple Range Test

Introduction

Pollution of heavy metals in the soil becomes an increas-
ingly concerning issue because of its great influence on hu-
man health and ecological systems (Alghanmi et al., 2015).
This pollution occurs due to the absence of sewage treatment
systems at the existing plant so that they immediately dis-
pose of waste into the water channel and eventually enter
the farm. Incoming waste to agricultural land containing
heavy metals, causing soil to be contaminated. According

to the United States Environment Protection Agency (US
EPA, 1997) heavy metals that are categorized as dangerous
major pollutants, namely Sb, Ag, Be, Cd, Cr, Cu, Pb, Hg.
Karanganyar Regency, Central Java Province, is one of the
developing districts that has many industries. The type of in-
dustry which is developed is textile industry. This industry
produces liquid waste that is not environmentally friendly
and contains heavy metals. So far the waste management has
not met the standards. These poorly managed wastes were
discharged into waterways and eventually enter the farm.
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As aresult agricultural land in this region has contaminat-
ed by chromium with a range of levels between 2.13 pg g to
7.43 ug g' (Junaedi, 2004). This can be seen from the growth
of abnormal plants and the yield are not optimal. Therefore, it
is necessary to restore the soil condition in one way, namely
bioremediation. According to Muller et al. (1996) bioremedia-
tion is the use of microorganisms or other biological systems to
degrade / transform the pollutant under controlled conditions.
Turner and Rust (1971) found that chromium (VI) reduced K,
Mg, P, Fe and Mn uptake in soybean roots and also reduces
the concentration of Ca, K, Mg, P, B, and Cu in the soil. Based
on these findings, this study aimed to study the effect of biore-
mediation on soil fertility and to assess the growth of rami and
mendong plants during the bioremediation process.

Materials and Methods

Materials and experimental design

The research was conducted from May to November 2016,
located in the Aluvial soil Waru village, Kebakkramat, Karan-
ganyar. Soil and tissue analysis was performed at Soil Chem-
istry and Fertility Laboratory, Physics and Soil Conservation
Laboratory, Biology and Soil Biotechnology Laboratory Fac-
ulty of Agriculture, Sebelas Maret University, Surakarta. The
tools used include soil cultivators, tools for analysis of physi-
cal, chemical and microbiological properties of soil and sta-
tionery. Materials used include rami and mendong seedling,
inoculum Agrobacterium Sp I, isolated by Rosariastuti (2013),
carrier inoculum, urea fertilizer, KCI fertilizer, SP-36 fertil-
izer, compost, LB media and other chemicals for analysis of
physical, chemical and soil microbiology.

The study was prepared using Randomized Complete
Block Design (RCBD) with three factors. The first factor
was inorganic fertilizer (P) with two treatment levels: (P)
no inorganic fertilizer; (P ) with inorganic fertilizer — rami
(urea 130 kg ha'; SP-36 55 kg ha!; KCI 50 kg ha'), men-
dong (urea 130 kg ha''; SP-36 166 kg ha'; KC1 100 kg ha™)
(Sudjindro et al., 2005; Darini, 2012). The second factor was
the chelator (B) with three levels of treatment: (B,) without
chelator; (B,) inoculum Agrobacterium Sp I, with dosage of
10%.g" soil; (B,) compost — rami (10 t ha'), mendong
(5 tha') (Adji, 2005; Sudjindro et al., 2005). The third factor
was plant (T) with three treatment levels: (T,) without plant;
(T,) rami; (T,) mendong. Observational variables include to-
tal N, available P, K exchange, soil pH, C organic, Cr content
and Cr uptake, soil bacteria, plant height and biomass.

Implementation and analysis
The implementation of the research consisted of several
progress: first, propagation of Agrobacterium Sp I isolate until

density 10" g! solid media (Celentis Analitical, 2003); second,
preparation of rami and mendong seedlings; third, initial soil
analysis was conducted to obtain initial soil chemical character-
istics comparison. Then, soil tillage was done based on the soil
fertility also makes 54 plots each plot size around 1.5 mx 1 m
per plot with plant spacing 50 x 50 cm. After that, all treatments
were given at the beginning of planting except for Agrobacteri-
um Sp I, isolates given a week after planting to ensure the plant
was alive. Plants were planted for a month and measured week-
ly. Harvesting was done 30 days after inoculation by removing
the roots and taking some soil around rhizosphere.

Soil analysis included the following methods: chromium
(wet destruction method then Cr detected with using Atomic
Absorption Spectrophotometer), N total (Kjeldahl’s meth-
od), P available (Olsen’s method), K exchange (base satu-
ration method), soil pH (electrometric method), C organic
(Walkey and Black’s method), and soil bacteria (nutrient
agar with plate count method). Plant height was measured
using ruler, and biomass measured with dried in an oven with
a temperature of 70°C within 48 hours. The data were ana-
lyzed using Anova (F test of 5% level), and if it was signifi-
cant, continued by Duncan Multiple Range Test (DMRT) of
5% level, and also Pearson correlation test to determine the
correlation of each dependent variable.

Results and Discussion

The soil type at the research site was Alluvial with neu-
tral pH, medium total N content, low P available, medium
K exchange, medium CEC and high C organic content with
loamy sand texture (Table 1).

According to Hardjowigeno (2003) that Alluvial soils
have a uniform fertility rate or vary from low to high, me-

Table 1. Characteristis of initial soil

Variable observation | Result | Class
pHH,0 7.53 Neutral®

C organic (%) 3.31 High”

N total (%) 0.23 Medium”
P available (ppm) 9.57 Low"

K exchange (cmol(+) kg™) 0.59 Medium”
CEC (cmol(+) kg™ 19.61 Medium”
Indigenous Bacteria (log 10

CFUgg,) (log 12.55 -
Cr(pnggh 2.36  Below the threshold™
Sand (%) 86.86

Silt (%) 6.38 Loamy sand”
Clay (%) 6.76

Classification by “Eviati and Sulaeman (2009), “Government Regulation
of the Republic of Indonesia No 101 (2014)
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dium to rough textures, and organic content from low to high
and soil pH ranges from acid to neutral to alkaline, saturation
bases and cation exchange capacity also vary as it depends
on the parent material.

Effects of bioremediation on soil chemical character-
istics

Based on Anova, there was an interaction between P
treatment (inorganic fertilizer) and B (chelator) also an in-
teraction of P treatment (inorganic fertilizer) and T (plant) to
K exchange, but no interaction between inorganic fertilizer,
chelator and plant. The interaction of inorganic fertilizers
and the chelator to the K exchange are presented in Table 2.

mediation treatment of inorganic fertilizer and compost fer-
tilizer (P,B,) as well as inorganic fertilizer and rami plant
(P, T)) tends to increase the K exchange about 2.71% since
the addition of organic material will increase the negative
charge so that it will increase the cation absorption (Suntoro,
2003). Inorganic fertilizers in the form of KCl also affect the
availability of K exchanged soil.

Based on the result of Anova, factor B (chelator) give
an effect to organic C content. The results of the organic C
analysis were presented in Table 4. Table 4 shows that bio-
remediation treatment has significantly effect on organic C.

Table 4. Effect of chelator on organic C content

Levels of treatment | Organic C (%) | Organic matter (%)
Table 2. Interaction effect of inorganic fertilizers and Factor B
chelator to K exchange BO 276 a 475
Levels of treatment Content cmol(+) kg™ B1 3.70 b 6.37
BO | Bl | B2 B2 3.74b 6.44
PO 0.184abc 0.187bc 0.179ab The numbers followed by the same letter were not significantly different
P1 0.184abc 0.178a 0.189¢ by DMRT 5%.

The numbers followed by the same letter were not significantly different
by DMRT 5%.

Table 2 showed that bioremediation treatment has a sig-
nificant effect on K exchange for the interaction of inorganic
fertilizers and chelators. The highest yield was obtained by
the combination of inorganic fertilizer and compost fertilizer
(P,B,) treatment ie 0.189 cmol (+) kg and the lowest in-
organic fertilizer treatment with Agrobacterium Sp I, (P,B))
ie 0.178 cmol (+) kg'. Based on Anova, interaction of in-
organic and plant fertilizer also showed significant result.
The interaction of inorganic and plant fertilizers presented
in Table 3.

Table 3. Interaction effect of inorganic fertilizers and
plant to K exchange content

Content cmol(+) kg!
Levels of treatment To | T1 | T2
PO 0.185 ab 0.183 ab 0.182 ab
P1 0.182 ab 0.189b 0.180 a

The numbers followed by the same letter were not significantly different
by DMRT 5%.

The highest result for the interaction of inorganic and
plant fertilizers was obtained by treatment of inorganic fer-
tilizer and rami plant (P T)), i.e. 0.189 cmol (+) kg''. Initial
K content value 0,588 cmol (+) kg!' (medium) indicated that
after treatment was given precisely, K exchange level de-
creased. Decreased K levels were probably due to absorbtion
by plants, erosion, and leaching (Kaddar et al., 1984).

Erosion caused 86% of the soil was a sand fraction and
also causes leaching. Compared with the control of biore-

Based on DMRT, the highest result was treatment com-
post fertilizer (B,) which was 3.74%, and the lowest result
was by treatment of B, which was 2.76%. Bioremediation
treatment tends to increase the organic C content around
34.78%. NCAT (2015) states that compost contributes to soil
fertility by increasing organic materials, water holding ca-
pacity, and soil nutrient availability.

The giving Agrobacterium Sp I, given with the carrier
also gives a significant effect. As Davidson et al. (2002)
explains that the high rate of respiration reflects a high C
investment in the soil. After correlation tested, organic C
correlated quite positively to total N (r=0.326"), P available
(r=0.453""). This was in accordance with several roles of or-
ganic materials such as adding nutrients.

Based on the result Anova there was an interaction among
P treatment (inorganic fertilizer), B (chelator), and T (plant)
to soil total N. The result of soil N total content analysis
presented in Table 5. N total content before treatment was
0.23% (mean) and at treatment control P B T, was 0.22%

0070

(medium). The highest result was P B, T, treatment that was

0.32% followed by P B T, treatment ie 0.31%. Bioremedia-
tion treatment tends to increase the soil total N by 40.9%. An
increase of organic matter will affect the availability of soil
total N as evidenced by positive correlation test results with
C organic (r=0.3267). This was in accordance with the state-
ment of Tisdale and Nelson (1975) which organic material
was a source of nitrogen (protein) first the organic material
will be decomposed into amino acids, then decomposed by
heterotrophic bacteria converted into ammonium. Inorganic

fertilizers such as urea also affect the availability of soil total
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Table 5. Interaction effect of inorganic fertilizers, chela-
tor and plants to soil chemical characteristics

Treatment Total N (%) | P available Soil pH
(ppm)

Initial 0.23 9.57 7.53
POBOTO (control) 0.22 a 9.15a 6.96 bc
POBOT1 0.25 ab 9.65 ab 6.82 abc
POBOT2 0.26 abc 9.56 ab 6.58a
POBI1TO 0.28 abc 9.69 ab 6.76 abc
POBIT1 0.26 abc 942 a 6.76 abc
POBI1T2 023a 10.05 be 7.01c
POB2TO 0.25 ab 948 a 6.88 abc
POB2T1 0.31 be 1032 ¢ 6.87 abc
POB2T2 032¢ 9.40a 6.90 abc
PIBOTO 0.31 bc 923 a 6.58 a
P1BOT1 0.25 ab 9.25a 6.92 be
PIBOT2 023a 9.44 a 6.68 ab
PIBITO 0.25 ab 9.36a 6.87
PIBITI1 0.28 abc 9.56 ab 6.75 abc
PIBIT2 024 a 934a 6.80 abc
PIB2TO 0.25 ab 9.70 ab 6.69 ab
PIB2T1 0.28 abc 952a 6.66 ab
P1B2T2 0.26 abc 943 a 6.59 a

The numbers followed by the same letter were not significantly different
by DMRT 5%.

N because urea was an inorganic nitrogen source (Indriyati
et al., 2008).

Based on the result of Anova there was an interaction
among P treatment (inorganic fertilizer), B (chelator), and T
(plant) to soil P available. The results of the analysis of Soil
P available levels were presented in Table 5. The results of
DMRT, the highest level obtained by the combination treat-
ment without inorganic fertilizers with compost and rami
plant (P, B,T)) ie 10.32 ppm. The lowest result was obtained
by control treatment ie 9.15 ppm. Initial P soil value was
9.57 ppm (low). This indicates that bioremediation treatment
was able to increase the soil P available about 11.34%. Al-
though without giving the inorganic fertilizers, there was the
treatment of compost and rami plants. The interaction be-
tween organic matter and plant roots in rhizospere will affect
biogeochemical processes such as organic matter decompo-
sition, dissolution and transport P, N fixation, and biocontrol
of soil pesticides (Larsen et al., 2015).

Based on result of correlation test of P correlation quite
positive with organic C (r = 0.453™). Organic matter was a
complete source of nutrients. The effect of organic matter on
the availability of P can be directly through the mineraliza-
tion process or indirectly by assisting the release of fixed P
(Suntoro, 2003).

Based on the result of Anova there was an interaction
among P treatment (inorganic fertilizer), B (chelator), and T
(plant) to soil pH. Soil pH analysis results were presented in
table 5. In general bioremediation has a significantly effect
in decreasing soil pH. After further DMRT, the highest result
obtained by the interaction of treatment without inorganic
fertilizers + Agrobacterium Sp I, isolates + mendong plants
(P,B,T,), which was 7.01. Treatment with the lowest results
was inorganic fertilizer, compost, and mendong (P B,T,)
6.59. Initial soil pH before treatment ie 7.53 and control
ie 6.96. This happened because the application of fertilizer
could decrease soil pH. Soil flooding also affects the whole
plot of treatment.

Agustina (1990) states that too much nitrogen fertilizer,
like ZA, urea also causes the soil to become more acidic be-
cause its reaction in the soil causes an increase in the con-
centration of H' ions. The giving of organic materials can
increase or decrease the pH depending on maturity level. If
the maturity level was still low then it will decompose which
produce organic acid which decrease the pH and if the ma-
ture organic material will release the cations that will raise
the soil pH (Suntoro, 2003).

Effect of bioremediation on soil Cr contents and
plants

Based on the result of Anova there was significant in-
teraction between P treatment (inorganic fertilizer) and T
(plant) on soil Cr content. The result of analysis of soil Cr
content is presented in Table 6. It showed that bioremedia-
tion treatment has significant effect on soil Cr content.

Table 6. Interaction effect of inorganic fertilizer and
plants to soil Cr level

Levels of Soil Cr content (ng g")
treatment

TO T1 T2
PO 1.70 ab 1.58 ab 191b
P1 1.90b 1.78 ab 149 a

The numbers followed by the same letter were not significantly different
by DMRT 5%.

The lowest results were shown by the treatment of P, T,
(inorganic fertilizers, mendong) of 1.49 pg g'. The high-
est result was obtained by treatment of P T, (without inor-
ganic fertilizer, mendong). This indicates that chromium
levels were reduced during the bioremediation process.
Decrease level caused by the bioremediation process itself
was 12.35%. Mendong itself was capable of being used as a
phytoremediator for Cr and Cd (Dewi and Hindersah, 2009).
Inorganic fertilizer itself also affects as a stimulant for plants
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to grow and absorb chromium. The interaction of bioreme-
diation treatment also had an effect on the Cr content of the
plants is presented in Table 7.

Although the Cr content of soil was lowest in the treat-
ment of mendong plant, but as can be seen from Table 7,
the average rate and uptake of Cr in rami was higher than in
mendong. The decrease of Cr levels was caused by plant ab-
sorption but also because soil pH reduced from 7.53 to 6.58.
The soil reaction strongly affects the Cr level. At high pH, Cr
was in stable form and not available, but at low pH Cr will be
very soluble in water and available for plants (Palar, 1994).

Table 7. Interaction effect of inorganic fertilizers, chelator
and plants to plant Cr content and Cr uptake

Treatment | Plant Cr content (ug g') | Plant Cr uptake (ng)
POBOT1 0.23 68.07 ab
POBOT2 022 a 63.90 ab
POBITI 0.25 ab 128.15 be
POBIT2 0.26 abc 159.27 cd
POB2TI 0.28 abc 63.38 ab
POB2T2 0.26 abc 2594 a
PIBOTI 023a 236.17d
P1BOT2 0.25 ab 72.44 ab
PIBIT1 0.31 be 39.11 ab
PIBIT2 032¢ 53.56 ab
P1B2TI 0.31 be 22.22a
P1B2T2 0.25 ab 56.89 ab

The numbers followed by the same letter were not significantly different
by DMRT 5%. All indicated that plant Cr levels had exceeded the 1-2 pg
¢! (Notohadiprawiro, 2006)

As shown in Figure 1 (comparison levels and plant up-
take), Cr content in rami plant was higher by 166.18% than
in mendong (14.56 g g and 5.47 g g, respectivlely). Rami
itself can be used as a heavy metal absorber (Rosariastuti et
al., 2013). Based on the statistical analysis, for the Cr uptake
of plants, both types of plants showed no significant differ-
ences although the Cr content of the plants of both types was
significantly different, i.e. rami 92.85 pg and mendong 72
pg. The biomass of mendong was higher than that of rami,
but with low accumulation of heavy metals. However, rami
Cr uptake was 37.29% higher than mendong Cr uptake.

Plant growth affects the soil Cr content also proved by
the correlation test results. Plant Cr content positively corre-
lated very strong with Cr uptake of plants (r=0.886""). Cr up-
take correlates quite positively with plant height (1=0.274"),
and quite positive with biomass (r=0.378""). That was in ac-
cordance with Shukla et al. (2013) which states that phy-
toremediation of crop used to degrade toxic contaminants in
the environment involves a number of processes including
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Figure 1. Comparison of plants Cr content and plants
Cr uptake
The numbers followed by the same letter were not significantly
different by DMRT 5%. Cr uptake was not tested because Duncan
had no significant (P>0.05)

phytoextraction, fitotransformation, fitostabilization, fito-
volatilization and rhizofiltration. Phytoextraction (or phy-
toacumulation) involves the absorption and concentration of
pollutants into harvested biomass for absorption or incinera-
tion. Phytotransformation involves enzymatic modification
resulting in inactivation, degradation (phytodegradation), or
immobilization (phytostabilization) of pollutants. Phytovol-
atilization involves the removal of pollutants from the soil
and their release through the leaves through the evapotrans-
piration process and rhizofiltration involves filtering water
through the root mass to remove pollutants.

Effect of bioremediation on biological characteristics
Based on the result of Anova there was an interaction
among P treatment (inorganic fertilizer), B (chelator), and T
(plant) on the number of soil bacteria. The results of the anal-
ysis of the number of soil bacteria were presented in Table 8.
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Table 8. Interaction effect of inorganic fertilizers, chela-
tor and plants to soil bacteria.

Levels Bacteria (log 10 CFU g*)
of treatment TO | T1 | T2
BO 17.64efgh 14.35abcd 12.52a
P0 Bl 18.66fgh 20.02h 17.80efgh
B2 12.81ab 14.06abcd 13.88abcd
BO 16.18cdefg 16.73defg 13.33abc
P1 Bl 12.79ab 14.30abed 18.35gh
B2 15.07abcde 15.76bcdef 16.25cdefg

The numbers followed by the same letter were not significantly different
by DMRT 5%.

Based on the results of further DMRT, the highest result
obtained by the interaction of treatment without inorganic fer-
tilizers, Agrobacterium Sp I, and rami plant (P B T)) ie 20.02
log 10 CFU g. The lowest results were obtained by treatment
interaction without inorganic fertilizer, without chelator, and
mendong plants (P B T,) ie 12.52 log 10 CFU g'. The number
of soil bacteria before the treatment was worth 12.55 log 10
CFU g. Increasing the number of soil bacteria after the biore-
mediation process the average ranges from 8.76 %.

In general, factors affecting bacterial growth were energy
sources, carbon sources, nitrogen sources, minerals, and other
growth factors (Irianto, 2006). However, from the data showed
that the results with fertilizer and without fertilizer was not
significantly affected, the influence was more caused by the
addition of isolate Agrobacterium Sp I, so that the amount of
bacteria increased in quantity in bioremediation called bioaug-
mentation (Shukla et al., 2013). Isolate Agrobacterium Sp I,
was discovered by Rosariastuti et al. (2013) and was other-
wise able to increase chromium uptake to rami plant canopy.

Effect of bioremediation on plant biomass

The use of rami and mendong plants because both were
able to be used as plants hyperacumulator. Rami has been
noted as a dominant plant that lives in many different con-
taminated metal areas, and can accumulate large amounts of
Sb, Cd and Hg. Mendong plants can be used to rehabilitate
the heavily polluted soil wastes (Kurnia et al., 2003). The se-
lection of rami and mendong itself because the end result of
bioremediation used as a craft so it was not consumed by liv-
ing things. Characteristics of hyperakumulator plants were:
(1) resistant to metal elements in high concentrations in root
and crown tissues; (ii) high absorption rate of soil elements
compared to other plants; (iii) has the ability to translocate
and accumulate metallic elements from root to shoot at a
high rate. This translocation was a component that must be
considered in the determination of hyperakumulator plants
(Agunbiade, 2009 cit Hidayat, 2011).

15,00 - 14.13 b
2
2
g 10,00 -
HC 7.08 a
Rz
- |
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&
]
z 0,00 - . .
Rami Mendong

Plant

Figure 2. Graph of plant biomass
The numbers followed by the same letter are not significantly
different by DMRT 5%.

Shanker et al. (2005) states that chromium has an impact
on plant growth, among others, decreasing percentage of ger-
mination and decreasing shoot number, reducing root length
and dry biomass, increasing root diameter and root hair, and
reducing plant height and causing crop reduction. The rami
biomass was not very high compared with mendong biomass
of 7.08 g and the mendong has a biomass of 14.13 g. It caused
by the land used itself was a paddy field with the characteris-
tics always flooded and the permeability was very slow. Water
circulation was not good and always flooded. Mendong plants
with a clump-like and elongated shape also grow well in high
water availability suitable for use in paddy fields.by rami envi-
ronment due to requiring good water circulation (Adji, 2006).

Conclusions

Compared with control, the effect of bioremediation to
soil fertility was an increase in uptaking of N total by 40.9%,
P available by 11.34%, K exchange by 2.71%, C organic by
34.78%, soil bacteria by 8.76% and decrease in soil Cr level
by 12.35% and soil pH by 3.03%. Rami plants uptaking of
chromium was higher than mendong plants with an increase
by 37.29%, i.e. with the average Cr uptake of rami 92.85 pg
and mendong 72 pg.

Acknowledgements

This study wass supported by the Ministry of Higher
Education, Republic of Indonesia, and Sebelas Maret Uni-
versity, Surakarta.

References

Adji, S. S. (2005). Rehabilitasi Tanah Sawah Tercemar Logam
Berat Pb dan Cd Melalui Fitoremediasi. Jurnal Matematika,



Effect of bioremediation in soil of paddyfield contaminated by chromium (Cr) on soil fertility...

1033

Sains, dan Teknologi, 6(2), 63-70 (1d).

Adji, S. S. (2006). Rehabilitasi Tanah Sawah Tercemar Natrium
Dan Logam Berat Melalui Pencucian, Penggunaan Vegetasi,
Bahan Organik dan Bakteri. Sekolah Pascasarjana Institut Per-
tanian Bogor, Bogor (Doctoral dissertation, Institut Pertanian
Bogor) (Id).

Agustina, L. (1990). Nutrisi Tanaman. Jakarta: Rineka Cipta (Id).

Alghanmi, S. 1., Al Sulami, A. F., El-Zayat, T. A., Alhogbi, B. G.,
& Salam, M. A. (2015). Acid leaching of heavy metals from
contaminated soil collected from Jeddah, Saudi Arabia: kinet-
ic and thermodynamics studies. International Soil and Water
Conservation Research, 3(3), 196-208.

Celentis Analitical (2003). Biological soil test - definitions. E-lab.
limited (NZ).

Darini, M. T. (2012). Kajian Jarak Tanam dan Dosis Pupuk NPK
Terhadap Sifat Agronomi Tanaman Mendong (Fimbrissty-
lis globulosa Retz. Kunth) Serta Intensitas Kompetisi Gulma.
AgroUPY 4(1), 33-42 (1d).

Davidson, E. A., Savage, K., Bolstad, P., Clark, D. A., Curtis,
P. S., Ellsworth, D. S., ... & Randolph, J. C. (2002). Below-
ground carbon allocation in forests estimated from litterfall and
IRGA-based soil respiration measurements. Agricultural and
Forest Meteorology, 113(1), 39-51.

Dewi, T., & Hindersah, R. (2009). Konsentrasi kadmium dan tim-
bal di tanaman mendong yang ditanam di tanah sawah dengan
aplikasi azotobacter dan arang aktif. Agrikultura, 20(3), 185-
190 (Id).

Eviati E. & Sulaeman S. (2009). Chemical Analysis of Soil, Plant,
Water, and Fertilizer. Technical Manual, 2nd ed. Bogor, Indo-
nesian Soil Research Institute, Research Center for Agricultural
Land Resources, Indonesian Agency for Agricultural Research
and Development, Ministry of Agriculture (Id).

Hardjowigeno, S. (2003). Ilmu Tanah. Akademika Pressindo, Ja-
karta (Id).

Hidayat, B. (2011). Potensi Eceng Gondok (Eichhorniacrassipes)
sebagai Hiperakumulator. Jurnal Ilmu Pertanian Program Dok-
tor Ilmu Pertanian. Doctoral dissertation Universitas Sumatera
Utara, Medan (Id).

Indriyati, L. T., Sabiham, S., Kadarusman, L. K., Situmorang,
R., & Sisworo, W. H. (2008). Transformasi Nitrogen dalam Ta-
nah Tergenang&58; Aplikasi Jerami Padi dan Kompos Jerami
Padi. Jurnal Tanah Tropika, 13(3), 189-197.

Irianto, K. (2006). Mikrobiologi Menguak Dunia Mikroorgan-
isme. Jilid 2, Jakarta (Id).

Junaedi (2004). Identifikasi dan Inventarisasi Sebaran Kadmium
(Cd) dan Kromium (Cr) pada Tanah Sawah di Daerah Industri
Kecamatan Jaten, Kebakkramat, Tasikmadu Kabupaten Karan-
ganyar (Skripsi) (Id).

Kaddar, T., Russel, D. A., & Cooke, G. W. (1984). The vital role
of potassium fertilizers in tropical agriculture: The present posi-
tion, future potential, and constraints to progress. International
Fertilizer Development Center, Alabama (US).

Kurnia, U., Efendi, D., Sutono, S. & Kusnadi, H. (2003). Pene-
litian Rehabilitasi dan Reklamasi Tanah Sawah Tercemar Lim-
bah Industri Tekstil di Kabupaten Bandung. Balai Penelitian
Tanah Puslitbangtanah, Bogor (1d).

Larsen, J., Jaramillo-Lépez, P., Najera-Rincon, M., & Gonzalez-
Esquivel, C. E. (2015). Biotic interactions in the rhizosphere in
relation to plant and soil nutrient dynamics. Journal of soil sci-
ence and plant nutrition, 15(2), 449-463.

Mueller, J. G., Cerniglia, C. E., & Pritchard, P. H. (1996). Biore-
mediation of environments contaminated by polycyclic aromat-
ic hydrocarbons. Biotechnology Research Series, 6, 125-194.

National Center for Appropiate Technology (NCAT) Agricul-
ture Specialist (2015). Tipsheet: Compost. National Center for
Appropiate Technology, United States.

Notohadiprawiro, T., Soekodarmodjo, S., & Sukana, E. (2006).
Pengelolaan kesuburan tanah dan peningkatan efisiensi pemu-
pukan. Repro Ilmu Tanah Universitas Gajah Mada, Yogyakarta
Id).

Palar, H. (1994). Pencemaran dan toksikologi logam berat. Jakarta:
Rineka Cipta.

Government Regulation of the Republic of Indonesia No 101 (
2014). Management of Hazardous and Toxic Waste Materials
Id).

Rosariastuti, R., Prijambada, I. D., Ngadiman, N., Prawidyari-
ni, G. S., & Putri, A. R. (2013). Isolation and identification of
plant growth promoting and chromium uptake enhancing bac-
teria from soil contaminated by leather tanning industrial waste.
Journal of Basic and Applied Sciences, 9, 243-251.

Shanker, A. K., Cervantes, C., Loza-Tavera, H., & Avudainaya-
gam, S. (2005). Chromium toxicity in plants. Environment In-
ternational, 31(5), 739-753.

Shukla, K. P., Sharma, S., Singh, N. K., Singh, V., Bisht, S., &
Kumar, V. (2013). Rhizoremediation: a promising rhizosphere
technology. In: Applied Bioremediation: Active and Passive
Approaches, Intech Open Science Online Publishers, Croatia,
http://dx.doi.org/10.5772/56905.

Sudjindro, Sastrosupadi, A., Winarto, W. B., Tirtosuprobo, S.
(2005). Keragaan dan Strategi Pengembangan Rami di Indo-
nesia. Balai Penelitian Tanaman Tembakau dan Serat, Malang
Id).

Suntoro (2003). Peranan Bahan Organik Terhadap Kesuburan Ta-
nah dan Upaya Pengelolaannya. Pidato Pengukuhan Guru Be-
sar. Universitas Sebelas Maret, Surakarta (Id).

Tisdale, S. L. & Nelson, W. L. (1975). Soil Fertility and Fertil-
izers. Third Edition. Mac Millan Pub. Co. Inc, New York,
US.

Turner, M. A., & Rust, R. H. (1971). Effects of Chromium on
Growth and Mineral Nutrition of Soybeans 1. Soil Science So-
ciety of America Journal, 35(5), 755-758.

United States Environment Protection Agency (US EPA) (1997).
Exposure Factors Handbook (Final Report). U.S. Environmen-
tal Protection Agency, Washington, DC, EPA/600/P-95/0.

Received: November 7, 2017; Accepted: January 4, 2018; Published: December 31, 2018




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


