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compound (NPK), Nitroben (Azotobacter/Azospirillum) (NT) and
Azolla (AZ) as amendments for the bioremediation of oil polluted
control soil (PCS) during 120 days. The organisms isolated from oil
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free soil (OFS) and oil samples were species of: Bacillus,
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Psuedomonas, Klebsiella, Escherechia , Staphylococcus, Micrococcus,
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Streptococcus, Burkholderia, Nitrosococcus, Aspergillus, Penicillium,
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Fusarium, Rhizopus and Mucor. The results of soil analysis showed
that CM, NPK, NT and AZ considerably increased the phosphorus

andpH of the soil to slightly alkaline condition which favors the biodegradation of the spent
engine oil polluted soil. It was also concluded that nitrogen is a necessary nutrient for
bacterial biodegradation activities. The highest percentage loss of spent oil was 79.07 by
NPK followed by CM, NT and AZ with percentages 77.13, 73.37 and 70.43 respectively.
These findings demonstrate the potential of chicken manure, Nitroben, Azolla as well as NPK
to considerably increase the biodegradation of the spent lubricating oil polluted soil. In
conclusion, the present work suggests the use of chicken manure as potential alternative
agents to rationalize spent engine polluted soil as remediation alternative to the expensive
chemical and physical methods.
KEYWORDS: Biodegradation; spent engine oil; Chicken manure; NPK; Azotobacter
Azospirillum; Azolla,
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INTRODUCTION
Soil and surface water pollution by used lubricating oil is a common occurrence in most
developing countries. This has been shown to have large harmful effects on the environment
and human beings. Large amounts of spent engine oil are liberated into the environment
when the motor oil is changed and disposed into gutters, water drains, open vacant plots and
farmlands, a common practice by motor mechanics and generator mechanics. Spent engine
oil is a mixture of several different chemicals, including low and high molecular weight
(C15-C20) aliphatic hydrocarbons, aromatic hydrocarbons, polychlorinated biphenyls,
chlorodibenzofurans,

lubricative

additives,

decomposition

products,

heavy

metal

contaminants such as aluminum, chromium, tin, lead, manganese, nickel, and silicon that
come from engine parts as they were down (Umar et al., 2015; Iren and Ediene, 2017).
Hydrocarbon contaminations are hazardous to the health of plants and are also carcinogenic,
mutagenic and potent immune - toxicants posing a serious threat to human and animal health
(Salam et al. 2014 and Wagner et al.2015). Improperly discarded spent engine oil, renders
impacted environment unfit for purpose, alters soil microbial properties, oxygen content and
nutrient availability.
Oil spills are frequent due to river-navigation accidents. Recent Accidents occurred on the
Nile River in July (www.medanelakhbar.com/egypt/news153000.html) and January 2017
(http://alwafd.org/article/1445717),.November.(http://www.vetogate.com/2458536),March
(http://onaeg.com/?p=2526129),
November

and

January

2016

(http://www.dostor.org/958629),

(http://www.albawabhnews.com/1616025),

September

(http://www.vetogate.com/1804361) and March 2015 (http://mo-og.net/sahifa/?p=44401),
and many other accidents of oil contamination from unknown source discharged a huge
quantity of hydrocarbons to the River. Unfortunately, this is the case, where unknown source
of nearly tons of oil, hydrocarbon discharged into the upstream of the Nile River within the
Egyptian Territory.
Bioremediation can be an alternative green technology for remediation of such hydrocarboncontaminated soil. Bioaugmentation involves the introduction of microorganisms into
contaminated media to promote the degradation of contaminants. It has become popular for
increasing the rate and extent of reductive polycyclic aromatic hydrocarbons in soil (Coulon
et al., 2012 and Ojonoma et al.2017).
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Organic material can be degraded by microorganisms, especially bacteria aerobically or
anaerobically. These organisms may transform or mineralize organic contaminants into less
harmful, non-hazardous substances, which are then integrated into natural biogeochemical
cycles (Roy et al. 2015 and de la Cueva et al., 2016).
Ugochukwu et al. (2016) and Benchouk and Chibani (2017) reported that addition of organic
materials such as poultry and green manure singly or in combination to improve the chemical
properties (pH, OC, total nitrogen, available P, Ca, K, and Mg) of the oil polluted soil will
enhance the solubility and removal of these contaminants, improving rates of oil
biodegradation.
Bacillus subtilis, Klebsiella aerogenes, Staphylococcus epidermidis, Klebsiella pneumoniae,
Actinomyces bovis, Aeromonas hydrophilia, Pseudomonas fluorescens, Pseudomonas
aeruginosa,

Corynebacterium

spp.,

Escherichia

coli,

Acinetobacter

calcoaccticus,

Chryseomonas luteola, Bacillus cereus, Streptococcus faecalis, Proteus vulgaris and Serratia
marcescens were isolated from oil contaminated soil by several authors. NPK served as a
good supplement for the growth of the petroleum utilizing bacteria in oil – polluted soils
(Kandil et al., 2013 and Kamble and Kathmale, 2014).
It has been reported that Azolla alone or in mixed culture with other aquatic plants has a high
capacity to accumulate toxic elements such as mercury, cadmium, chromium, copper, nickel
and zinc (Zayed et al., 2000 and Rai and Tripathi, 2009).
The aim of this study is to enhance biodegradation of used engine oil polluted soil, using
nutrient supplementation: NPK, chicken manure, Azolla and a commercial bacterial fertilizer,
Nitroben (Azotobacter\Azosprillium). This is indeed an interesting topic that will undoubtedly
shed light on the issue of biodegradation and acclimation.
MATERIAL AND METHODS
I. Material
Collection of Samples
The soil sample used was collected from Cairo University Experimental farm. Soil sample
was collected with a soil uger of surface depth (0-15 cm), having no pollution history and
devoid of hydrocarbon contamination. Soil sample collected were air-dried, allowed to pass
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through a 2mm mesh sieve and weighed out into perforated containers for physicochemical
analysis.
Chicken manure was collected from Cairo University Farm.
Processing of Chicken manure used for this study was sun-dried for 5days. The wastes were
milled into semi fine particles (using Corn Mill dx-2200, China) and sieved using 2mm mesh.
Used lubricating oil
Was collected from the Mobil Car Service Centre, Cairo, Egypt.
Nitroben, (commercial fertilizer) (Azotobacter ⁄ Azospirillum) and NPK (20:10:10) were
purchased from the Agricultural Economics Research Institute (AERI), Agriculture Research
Center (ARC) Giza, Egypt.
Azolla, was kindly provided by Soil, Water and Environment Research Institute (SWERI),
Agriculture Research Center, Giza, Egypt.
Culture Media
Isolation of indigenous bacteria from spent engine oil: (Takahashi et al., 1963).
Nutrient agar medium (Difco).
Potato Dextrose agar (PDA) medium.
Citrimide agar base (Difco), selective media for Pseudomonas sp.
Isolation of indigenous fungi from spent engine oil
(Nwachukwu, 2000). Mineral salt medium (MSM) supplemented with 1% crude oil was used
for isolation, and preliminary identification of petroleum utilizing fungi of soil samples.
II. METHODS
Microbiological Analysis
Bacterial soil samples were isolated by a streak plate method using 0.1 ml aliquots of
appropriate dilution onto nutrient agar slants. Individual cultures were identified by
morphological and biochemical techniques using the taxonomic scheme of Bergey’s Manual
of Determinative Bacteriology (Holt et al., 1994).
For fungal isolation three-fold serial dilution was performed on the above soil samples. An
aliquot (0.2 mL) of each diluent were plated on sterile potato dextrose agar (PDA) using the

www.wjpps.com

Vol 7, Issue 2, 2018.

130

Atef et al.

World Journal of Pharmacy and Pharmaceutical Sciences

pour plate method. Incubation was done at 28 ± 2 °C for three days. The fungi were then
identified and characterized according to the method of Carpenter (1977).
Characterization and identification of spent engine oil utilizing isolates
All organisms isolated were tested for their ability to grow on and utilize engine oil as the
sole carbon source.
Identification of bacteria isolates inhabiting oil
PCR amplification of general 16S rDNA gene (Kisand et al. 2002).
16S rDNAs were amplified by using bacterial universal primers Forward-27f (5′AGAGTTTGATCATGGCTCAG-3′) and Reverse-1492r (5′ TACGGYTACCTTGTTACG
ACTT-3′) were used for amplification.
Identification of fungal species inhabiting oil
John (1979); Domsch et al. (1993) and Samson et al. (2000).
Identification was based on current universal keys. The Data Base Identification Program of
the Regional Center for Mycology and Biotechnology (RCMB) For Aspergilli.
Soil characterization
The soil was characterized before and after pollution and treatment. Organic carbon was
determined by Loss- on-ignition method (Allen 1989). Particle size and texture of soil
samples were determined using the method of Bouyoucous (1951), soil pH was measured
electronically using a glass electrode pH meter in Water and in KCl2 using a soil: liquid
suspension ratio of 1: 2.5 as modified by Jones (2001). Total nitrogen was determined by
Kjeldahl method (Bremner, 1965). Concentrations of heavy metals (Cu, Zn Pb, Cr and Ni)
were determined by atomic absorption Spectronic 21 spectrophotometer. Available
phosphorus was determined using Bray II method as described by Bray and Kurtz (1945).
Electrical Conductivity was carried out as described by Chopra and Kanzer (1988). Triplicate
determinations were made.
Estimation of total petroleum hydrocarbon (TPH)
Oil content was determined spectrophotometrically according to the toluene extraction
method (Odu et al. 1980). TPH in soil was estimated with reference to a standard curve
derived from used lubricating oil diluted with toluene.

www.wjpps.com

Vol 7, Issue 2, 2018.

131

Atef et al.

World Journal of Pharmacy and Pharmaceutical Sciences

TPH (mg/kg) was determined according to (Romanus et al., 2015).
TPH= Instrument reading (Conc. obtained from calibration) x Volume of extract (mL) x DF
Weight of sample (kg).
TPH = Total petroleum hydrocarbon, DF = Dilution factor and Conc. = Concentration.
Calculation of percentage oil degradation: (Ijah and Ukpe, 1992).
% of oil degraded = Original oil concentration - Final oil concentration X 100
Original oil concentration.
The original oil concentration is the initial concentration of oil (weight of extracted oil in g/g)
obtained before applying anything on the contaminated soil. While the final concentration of
oil is the concentration of oil extracted on day 30, 60, 90 and 120 of treated soil.
Statistical Analysis
Data were analyzed by using analysis of variance (ANOVA) from SPSS-12 statistical
software

package

for

personal

computer

multiple

comparisons.of.mean.were.made.with.Duncan's>tests at 95%.
III. Experimental design
Eighteen planting pots were filled with the topsoil from the location earlier described. The
pots with a uniform weight of 2 kg (sieved with 2 mm mesh size) .Each were arranged in a
nursery garden at April (2015) with prevailing temperature 28 ± 2°C.
10% (w/w) used lubricating oil was added separately to each pot, thoroughly mixed, and left
undisturbed for 48 hours to allow the volatilization of toxic components of the oil. Pots were
divided into 6 groups. Each group consisted of three replicates arranged in rows. The groups
were OFS: Oil free soil, PCS: (soil + 10 g % spent oil) Treatment with only soil and used
lubricating oil served as controls. The pots provided with the nutrients had the symbols, (NT):
soil +10 g % oil +35 g.kg-1soil Nitroben (Azotobacter / Azosprillium); (CM): soil + 10 g %
oil +10% w/w chicken manure, (NPK): soil +10 g % oil +12g.kg-1 soil NPK and (AZ): soil +
10 g % oil + 60 g of dried Azolla kg-1 soil. The contents of each pot were tilled twice a week
for aeration in order to remove the effect of the lack of oxygen and preparing aerobic soil
conditions, and the moisture maintained at soil field capacity by the addition of water. Soil
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treatment, lasted for 30 days. After 30 days of the experiment, soil samples were collected
from each pot and transferred directly into clean containers for physicochemical analysis at
the 30th, 60th, 90th and 120th days. Control soil (OFS. & PCS), and treated soil were all
characterized for pH, electrical conductivity, total organic carbon , total nitrogen and
phosphorus, texture and heavy metals (Cu, Pb, Ni, Zn and Cr) using standard analytical
methods to determine the effect of oil pollution on these properties. Total petroleum
hydrocarbon (TPH) was also determined.
The experimental design was fully randomized. The results are average of 3 biological
replicates per treatment or sample.
RESULTS AND DISCUSSION
The bacterial and fungal isolates obtained in our study, based on their capability to grow well
on spent engine oil as carbon and energy source, were identified according to current
universal keys. The bacterial isolates identified using 16s r DNA were: Burkholderia cepacia
(KU860094), Pseudomonas putida (KU860101) and Nitrosococcus watsoni (KU860098).
Fungal isolates were Penicillium citrinum and Aspergillus terreus var. aureus.
On the other hand, bacteria and fungi successfully isolated and identified from the soil
sample under investigation were : two different Pseudomonas spp., Staphylococcus sp.,
Escherichia coli, Klebsiella sp., Corynebacterium sp. , Micrococcus sp., Streptococcus sp.
two different Bacillus spp., Aspergilllus niger, Aspergillus ochraceus, Mucor sp., Fusarium
sp. and Rhizopus sp.
Microorganisms play a major role in the removal of contaminants taking advantage of their
versatile catabolic activity to degrade or convert such compound to harmless substances.
Different bacteria have been reported that have promising abilities of breaking down the
complex hydrocarbon chain and utilize their carbon energy sources (Roy et al. 2014 and
Nkem et al. 2016). Raza et al. (2011), isolated Micrococcus spp., Corynebacterium spp., and
Bacillus spp. from crude oil-contaminated soil. Similar results have been reported by other
researchers (Jaboro et al., 2013 and Gayathiri et al.2017), who reported that Streptococcus
spp., Arthrobacter spp., Staphylococcus spp., Micrococcus spp., and Bacillus sp. can grow
and degrade crude oil.
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According to Atlas (1999) and Salam et al. (2014), more rapid rates of degradation occur
when there is a mixed microbial community than can be accomplished by a single species.
Apparently the genetic information in more than one organism is required to produce the
enzymes needed for extensive petroleum biodegradation. Pseudomonas is reputed to possess
broad substrate affinity for different classes of hydrocarbons such as alicyclics, heterocyclics,
and aromatics. The findings by Moneke and Nwangwu, (2011), support the view that
Pseudomonas and Klebsiella species are among the efficient hydrocarbon degrading bacteria
prevalent in Nigerian environment. According to Widnyana and Javandira (2016).
Pseudomonas spp. and Bacillus spp. belongs to the largest groups of rhizosphere bacteria.
Penicillium sp, Rhizopus sp , Aspergillus niger and A. terreus showed its ability for
bioremediation of petroleum hydrocarbons (Obire et al. 2009; Azubuike et al. 2016 and
Salihu and Ja’afaru 2017 and many others).
To support the biological activity, and hence bioremediation, nutrients are required. For the
degradation of hydrocarbons, microorganisms commonly require carbon, nitrogen and
phosphorous. The amount of different nutrients and its ratio particularly, C, N and P is quite
possible regarding the success of the bioremediation process (Silva-Castro et al. 2013, 2015).
Based on the USDA textural class (2002), classification of the soil in Table 1, shows that the
soil is clay loamy. Particle size analysis shows that the clay (36.9%), silt (38.6%), coarse sand
(7.3%), and fine sand fractions (17.2%) were all in the same range for the OFS, PCS and bioremediated soils (the chicken manure used, is tabulated as an example). Spent engine oil did
not negatively affect these soil properties as seen from the results.
(
In the present study, there was a highly significant drop in soil pH after oil pollution
compared to oil free soil (OFS) during the 120 days of experiment (Fig1).This is in line with
the findings of Shukry et al. (2013) and Iren and Ediene (2017) who reported that soil pH was
reduced due to the presence of hydrocarbon that produce organic acids when acted upon by
microorganisms.
At the same time, results recorded at the 30 th day of nutrients addition (Fig1) showed a
decrease in pH for all treatments compared with the OFS (oil free soil). An observation was
reported by Chen et al., (2017) that the decrease in pH during remediation treatment may
have resulted from the production of acid radicals through the process of nitrification of the
applied fertilizer.
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Furthermore, a significant increase in pH (neutral to weakly alkaline) in the amended polluted
soil compared with the OFS (Oil free soil) after the 30th day till end of the experiment.
However, pH ranges were between 7.18 and 7.79.
Electrical conductivity (EC) was significantly lower in the oil-affected soil than in the treated
soil (Fig 2). The values of EC detected at the 30 th day of OFS; NT; CM; NPK and AZ were
0.68; 0.57; 0.69; 0.67; and 0.50 ds/m respectively as against 0.43ds/m in the polluted soil.
This confirms the previous work of Sedat and Sahriye (2011); Azeez and Van Averbeke
(2012). Poultry manure and NPK represented higher values in conductivity and reached its
maximum at the 120th day (0.85 and 0.83 ds/m respectively).
Reduced conductivity was due to the nonpolar nature of the oil bringing about reduced ionic
movement in the soil. Reduced phosphorus level was due to possible oxidation of free
phosphorus in the soil to phosphates because hydrocarbons act as electron acceptors or
oxidizing agents due to the presence of oxygen in them thereby producing a reducing
environment (Oyedele et al.2015).
From the results obtained at the 30th day of the experiment (Fig.3), a significant increase in
soil organic carbon (OC) for NT, CM, NPK and AZ in g% are: 9.5, 9.5, 9.4, 8.1 and 8.5
respectively, relative to OFS (4.7 g %). On the other hand at the 60th day to the end of the
experiment , organic carbon content decreased in the different amended soils except for
chicken manure treatment at the 90th day, which showed no significance compared to the PCS
(polluted control soil).This may be as explained by Asuquo et al. (2001) who stated that
microorganisms in the amended soils utilizing the carbon for their cell carbon, thus the high
organic carbon content of the PCS soil (0% amendment) is explained by the effect of oil
contamination which results in initial immobilization of the available C in the soil by
surviving microorganism. However, the organic carbon content dropped during the
remediation treatment.
The results of soil properties (Fig.4) indicated a significant decrease in percentage nitrogen in
oil polluted soils treated with Nitroben (0.15%), poultry manure (0.17%), NPK (0.19%) and
Azolla (0.15%) when compared with 0.26% nitrogen before oil contamination during the first
30 days of the experiment. There was a highly significant decrease in % nitrogen (0.08%) in
the soil treated with only spent oil. An increase in percentage nitrogen was observed for
nitrogen values at the 60th day of bioremediation for all the nutrients used. A slight decrease
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was observed during the 90th and continued to the end of the experiment. NPK addition
represented the highest nitrogen content over the all other additives during experiment time.
The correlation analysis, between the total nitrogen content and remediation period, showed a
negative relationship.
A decrease in Phosphorus was recorded in the soil treated with only spent oil compared with
the unpolluted soil (Fig.5), this decrease is obvious from the beginning of the experiment, and
continued to the end. Our findings go with those of Ndukwu et al., (2015) and Chikere et al.
(2017).
Fig.5 also shows that, available phosphorus increased at the 30th day of the soil amended with
NT, CM, NPK and AZ; the increase in available phosphorus relative to PCS (polluted control
soil) varied depending on the amendment type.
Amendment of polluted media with nitrogenous-based fertilizers containing nitrogen and
phosphorus could increase the carbon, nitrogen and phosphorus ratio in media for resident
hydrocarbon-degraders to use (Chizoruo et al.2016). Nitrifying bacteria belonging to the
genera, Archromobacter, Burkholderia, Azotobacter, Arthrobacter and Alcanivorax are found
in the soil and contain the enzyme, nitrogenase, which is responsible for nitrogen fixation
(Ibiene and Okpokwasili, 2011 and Ogugbuea et al.2017). Hence, in this study, the
biodegradation of petroleum hydrocarbons in polluted soil augmented with nitrogen fixing
bacteria (Azotobacter and Azospirillum) was investigated to determine their bioremediation
enhancement potentials (Figs.4 and 5).
Table 2, represents an increase in the values of Cr, Zn, Pb, Ni and Cu in the soil after oil
pollution at the 30th day relative to unpolluted soil (OFS), followed by a decrease in all
amendments added till the end of the experiment. Addition of chicken manure resulted in a
highly significant percentage removal of Cr, Zn, Ni and Cu at the 120 th day (Fig.6). On the
other hand, the removal efficiency shown by Azolla pinnata was comparatively high for Zn,
Cr, Ni and Cu and lower for Pb. Arora et al. (2004) reported that, A. pinnata have been
shown to absorb Cr, Pb, Cd, Zn and other heavy metals and showed tolerance when present
in low concentrations. The biosorption of metal ions was depended on the experimental
conditions particularly pH and concentration of metal ions in the medium. Many metal
cations are more soluble and available in the soil solution at low pH (below 5.5) including
Cd, Cu, Hg, Ni, Pb, and Zn (Ndukwu et al., 2015 and Barakat et al.2016). In case of NPK
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fertilizer, the source of N is urea, therefore, this is also one of the reasons for reducing the
soil pH and increasing the availability of metals (Sarwar et al., 2010).
Treatment of engine oil polluted soil with different nutrient amendments positively enhanced
the percentage biodegradation during 60–90 days (Fig.7). This result may be due to
differences in the used nutrients, particularly N and P, in the amendments that stimulate
indigenous microorganisms (Silva-Castro et al. 2015 and Wu et al., 2016).
In this study, a significant increase in TPH removal percentage of used engine oil treatment
with NPK, followed by chicken manure, Nitroben and then Azolla with percentages 79.06%,
77.1%, 73.3 % and 70.4% respectively, as compared to Oil free soil (OFS) (Fig.7). The
different nutrients used showed no more effect after 90 days.
A similar decrease in total petroleum hydrocarbon on biostimulating crude oil polluted soil in
the University of port-harcout by Chikere et. al., (2009) was observed. TPH decreased from
3666mg/kg on pollution to 135.01mg/kg (with poultry manure) and 89.68mg/kg (with NPK
fertilizer) after treatment for 157 days (Isitekhale et al. 2013)
The results of this study have shown the negative impact of spent engine oil on
physicochemical properties on soil such as pH, total phosphorus and conductivity which were
significantly reduced. However, the low solubility and adsorption capacity of high molecular
weight hydrocarbons limit their availability to microorganisms. Santisi et al. (2015) and
Fegenyie et al. (2017) indicate that biological treatments are more efficient and cheaper than
chemical and physical methods.
Our findings showed that 10% chicken manure supported high spent oil remediation (77.1%)
in the polluted soil. Poultry droppings is a potential source of nutrients for microbial activity
and it promotes microorganisms capable of utilizing hydrocarbons as source of carbon
potentially useful in soil hydrocarbon pollution response action.
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Fig 1: Effect of nutrients on hydrogen ion concentration of spent oil polluted soil,during
time intervals.

Fig 2: Effect of nutrients on electric conductivity of spent oil polluted soil, during time
intervals.
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Fig 3: Effect of nutrients on Organic carbon content of spent oil polluted soil, during
time intervals.

Fig 4: Effect of nutrients on Nitrogen content of spent oil polluted soil, during time
intervals.
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Fig 5: Effect of nutrients on Phosphurus content of spent oil polluted soil, during time
intervals.

Fig 6: Effect of nutrients on Heavy metals content of spent engine polluted soil, during
timeintervals.
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Fig 7: Oil degradation percentage of amended polluted soil during 120 days.

Table 1: Results of nutrient analysis; soil physicochemical properties before, one week
after soil pollution and after a remediation process (chicken manure treatment).
Soil Properties
% Clay
% Silt
% Fine sand
% Coarse sand
Textural class
pH
EC (ds/m)
Total N (%)
Organic C (%)
Phosphorus (mg %)
Conc.Of heavy
metals (mg/ kg)
Cr
Zn
Pb
Ni
Cu

www.wjpps.com

Soil
(Value)
36.92
38.61
17.20
7.33
Clayloamy
7.10
0.63
0.26
4.1
3.14
0.16
15.5
13.5
Zero
19.4

Soil + spent
engine oil
36.71
38.73
17.30
7.18
5.2
0.40
0.090
5.40
2.5
90.5
40.0
75.0
51.0
63.0

Vol 7, Issue 2, 2018.

Remediated soil
(Soil+ spent engine
oil+chickenmanure)after 30 days
36.55
38.81
17.23
7.28
6.7
0.65
0.13
8.6
2.43
46
20.5
66.5
24
21
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Table 2: Analysis of Heavy Metals in: unpolluted, polluted and amended soil during
time intervals.
Conc. Of heavy metals (g / kg) during time intervals (days)
Cr
Zn
Pb
Ni
Cu
treatments
30
120
30 120 30 120 30 120 30 120
OFS
0.18 0.18 12.3 4
12
12 0.06 0.03 22.3 16.3
PCS
84.3 59.06 36.6 30
72 62.6 50.5 47.4 57.3 45.6
NT
51.36
36
36.6 7.3 59.6 45.6 42.3 33.8 56.3 40
CM
46.3 15.3 20.3 3.3 66.7 65 24.1 16 21.3 7.1
NPK
50
53.1 32.3 9 60.1 61.3 41.9 42.3 52.6 36.6
AZ
49.3 36.3 21.8 9.1 63 58.3 37.4 20.6 34.2 12.2
OFS: Oil free soil control, PCS: soil+10% Spent engine oil, NT: Nitroben(Azotobacter/
Azosprillium) CM: Chicken manure, NPK : NPK 20:10:10, AZ: Azolla.
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