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ABSTRACT

A biosurfactant-producing bacterium isolated from clay soils was investigated for its effects on the
plant growth characteristics and heavy metal removal. A pot experiment was conducted for investigating
the capability of the biosurfactant-producing bacterial strain Rhodococcus sp. to improve the plant growth
and zinc, copper and cobalt uptake of tomato in soil artificially contaminated with different levels of Zn,
Cu and Co (50 ppm kg ~* for each element).

Data revealed that bacilli gave a highly percentage of the bacterial isolates (38.7%) followed by
micrococei group (34.4%). While, short rods Gram negative presented 16.1% of the total isolates.
Moreover, both of the long rods Gram positive and filaments bacteria presented 5.4%, respectively.

The morphological characteristics of pure isolates indicated that Gram positive presented 84.2% of the
total isolates. While, the Gram negative represented (15.8%) from the total isolates.

Thirty three isolates were tested for biosurfactant production. Only 6 isolates had potential to degrade
the diesel oil after 3 to 5 days with a different degree of degradation.

The percentage of the height of emulsified layer (cm) after 3 and 5 days of incubation period of the
selected six isolates showed that isolate Sm2-4 gave the highest emuisification percentage (91%) after 3
days of incubation period. While isolates Smi-1, Sm2-3 and Sm2-8 gave the lowest emulsification %
reached 71% after 3 days. Both of the two isolates number Sm2-12 and Sm2-9 recorded the second
category of emulsification percentage and reached 88% after 3 days of incubation period.

Growth parameters of tomato plants grown for 60 days after treatment with heavy metals and bacterial
treatments were studied. At the beginning, tomato plants of all treatments nicely grew with no nutrient
deficiency symptoms.

Plants of less than 26 cm in height were detected with a plant left without treatment (control).
Recommended fertilizers N, P, and K stimulated plant growth and resulted in 38.4 % increase in height of
60-day-old plants. While, plants fertilized with the recommended dose of NPK, inoculated with
Rhodococcus sp. and treated with a mixture of Co, Cu and Zn sulphate 15 days afler planting gave 57.1%
increase in plant height when compared with untreated ones.

Root sizes ranged from 2.2 to 6.8 cm’ depending on treatment and plant age-dependent.

Root and shoot biomass yields increased as a result of inoculation and / or heavy metal treatment.
When Rhodococcus sp. and heavy metal salts (50 ppm concentration) were applied in the presence of full
dose of NPK root and shoot dry weights were 84.2 and 193.3% higher than those of the control. Also,
when Rhodococcus sp. and heavy metals were applied 15 days after planting, root and shoot dry weights
were 118.4 and 222.1% higher than those of the untreated ones.

Tomato plants bore considerable number of leaves. Plenty of those (83 and 92 per plant) was produced
by plants received full dose of recommended fertilizers together with incorporation into soil of the tested
dose of three heavy metals.

Keywords. bioswrfactant, Rhodococcus sp., Zn, CU, Co, tomato.

1. INTRODUCTION
Surfactants are amphiphilic compounds
containing both hydrophilic . and lipophilic
moieties. Due to their dual nature, surfactants tend
to partition into the oil-air or oil-water interface to
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reduce the surface and interfacial tension and
stabilize newly created interfaces. Surfactants can
be derived from both chemically based
(“chemical surfactants™ or “synthetic surfactants™)
and biologically based (biosurfactants) sources
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(Urum and Pekdemir, 2004 and Qingyi ef al.,
2011).

Many microorganisms have the ability to.

produce a wide range of biosurfactants. An initial
classification of biosurfactant was made into two
types; based on molecular weights, properties and
celtular localizations. The low molecular weight
biosurfactants e.g  glycolipids, lipopeptides,
flavolipids, corynomycolic acids and
phospholipids lower the surface and interfacial
tensions at the airfwater interfaces. High
molecular weight ones are called bioemulsans,
(such as emulsan, alasan, liposan, polysaccharides
and protein compiexes) and are more effective in
stabilizing oil-in-water emulsions (Neu, 1996,
Franzetti et al, 2009 and Salihu et al,
2009).These high molecular weight biosurfactants
are highly efficient emulsifiers that work at low
concentrations and exhibit considerable substrate
specificity (Dastgheib et al., 2008 and Salihu et
al., 2009).

Biosurfactant producing microorganisms can
be used in bioremediation and oil leak clearance in
soil and water environments (Head and Swannell,
1999; Mulligan, 2005, Urum et al., 2006 and
Ghayyomi Jazeh et al., 2012).

Contamination of soil environments with
heavy metals is very hazardous for human and
other living organisms in the ecosystem, Due to
their extremely toxic nature, the presence of even
low concentrations of heavy metals in the soil has
been found to have serious consequences.
Nowadays, there are many techniques used to
clean up soils contaminated with heavy metals.
Remediation of these soils includes non biclogical
methods such as excavation, and disposal of
contaminated soil to landfill sites or biological
techniques (Agc1r ef al, 2010 and Pacwa-
Plociniczak et al., 2011).

Biological methods .are processes that use
plants (phytoremedation) or microorganisms
(bioremediation) to remove metals from the soil,
The two following methods, soil washing or soil
flushing, are involved in remediation of metal
contaminated soil. The first technique used is ex
situ contaminated soil is excavated, put into the
glass column and washed with biosurfactant
solution. In turn, soil flushing of i situ
technologies involves use of drain pipes and
trenches for introducing and collecting
biosurfactant solution to and from the soil
(Herman ef al., 1995; Singh and Cameotra, 2004
and Pacwa-Plociniczak et al., 2011).

Previous work with Rhodococcus sp. has
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shown that the strain could produce biosurfactants
and mobilize a mixture of zinc, copper and cobalt
efficiently in the soil. However, research to
determine the potential effect of Rhodococcus sp.
on the growth of tomato in mixture of Zn, Cu and
Co-amended soils has not been performed.

The major cbjectives of this research were to
isolate and characterize the biosurfactant-
producing Rhodococcus sp. Also, to evaluate the
enhancement of plant growth improvement and
Zn, Cu and Co uptake in tomato plants grown in
Zn, Cu and Co-amended soil for improving the
efficiency of bioremediation of Zn, Cu and Co-
polluted soils.

2. MATERIALS AND METHODS

2.1. Soil samples

Ten soil samples were collected from six
different sites in Giza and Ismailia Governorates.
Three clay soil samples were collected at a depth
of 10 cm from the Experimental Station of the
Faculty of Agriculture, Cairo University and
another - three sandy-clay soils collected from
private farms in Kerdasa Village, Giza. In
addition, four sandy soil samples were collected
from Ismailia Governorate.
2.2. Bacterial isolates

Serial dilution aliquots were used for the
inoculation of the culture media. Enrichment and
isolation of bacterial isolates were performed
using nutrient agar medium. The plate cultures
were incubated at 30°C for 24-48 hours (Khan and
Syed, 2011). Ninety five isolates were collected
from the soil samples. Streak plate procedure,
complied by Grainger ef al. (2001)was used.
Selected isolates were transferred to fresh medium
until identification and classification carried out.
The isolates were purified by streaking plate
procedure on nutrient agar medium and studied for
morphological characters and biochemical tests.
2.3. Identification of bacteria

Colonies were selected from agar plates
according to their morphological characteristics
which include colony size, colony consistency,
colony color, Gram staining and the motility tests.
2.4. Biochemical tests

The biochemical tests were applied on pure
cuolture according to the tests recorded by Sneath
(1984).
2.5. Biosurfactant activity

Thirty three isolates were tested for
biosurfactant production by inoculating them in
nutrient broth medium incubated at 30°C for 24
hours. Afier incubation period 1ml of diesel oil



was added into culture tubes and incubated at
30°C for 2-7 days.
Emulsification index (E24) was used for

measuring and detecting the best isolates
producing biosurfactant (Sarubbo, 2606). The E24
of six strains was measured by adding 2mi of
diesel oil and 2 ml of the broth culture in a test
tube, vortexes at 380 ppm for 2 min and incubated
for 5 days. The percentage of emulsified layer was
calculated by the formula,
E24 = Height of emulsion formed x 100 / Total
height of the solution,
The E24 index is given as a percentage of the
height of emulsified layer (cm).
2.6. Heavy metal resistance

The best six bacterial isolates (Sm1-1, Sm2-3,
Sm2-4, Sm2-8, Sm2-9 and Sm2-12) which gave
the highest emulsion layer were accomplished for
resistance test in nutrient broth supplemented with
three heavy metals in salt form (Cu, Zn and Co
sulfate) with three concentrations for each heavy
metal salt (25 ppm, 50 ppm and 100 ppm). The
more resistant isofate (Sm2-4) was inoculated in
broth culture medium supplemented with three
heavy metals and incubated at 30°C for 24-48
hours. Another experiment was done by using
nutrient agar medium supplemented with a
mixture of heavy metals with the same last
concentrations inoculated with the bacterial isolate
(Sm 2-4) by streaking method and incubated at
30° C for 24 hours.

2.7. Application of biosurfactant
experiment Soil

The soil used in bioremediation of heavy
metals (Zn, Cu and Co) by biosurfactant
producing bacterial isolate was collected from the
farm of the Faculty of Agriculture, Cairo
University, Giza. Soil was characterized by: sand,
38.6 % ; silt, 19.6 %; clay, 27.0 %; WHC, 28 %;
pH, 7.4; EC, 0.67 dSm™; total carbon, 0.58 % and
total nitrogen, 0.05 % (Jackson, 1973). The soils
were air dried and crushed to pass 2 mm sieve.
Plastic pots of 30 cm diameter and 25 cm depth
were filled with 8 kg of sandy loam soil: peat
mixture {1:1 w/w).

Twenty one day oid tomato seedlings (Solanum
Iycopersicum); kindly provided by the Vegetable
Crops Department, Faculty of Agriculture, Cairo
University; were planted at the rate of 3 seedlings
pot’. Heavy metals (Zn, Cu and Co) were
incorporated into the experimental pots in levels
equivalent to 50 ppm for each metal as sulfate
salts.

in pot
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For bacterial inoculation, the best isolate
characterized by high production of biosurfactant
was separately grown in nutrient broth for one
week. An aliquot of 5.0 ml of the bacterial
inoculum was added over head soil adjacent to the
seedling root system, this was done at planting.

A pot experiment was designed to improve
tomato growth via biosurfactant produced by the
best isolate inoculated in the soil contaminated
with a mixture of heavy metals. The experimental
design encompassed four treatments as follows; 1)
untreated plants, 2) fully-NPK received plants, 3)
fully NPK received plants supplemented with the
best bacterial and mixture of Zn, Co and Cu (50
ppm} and 4) fully NPK received plants
supplemented with the best isolate and a mixture
of the last three heavy metals 15 days after
planting. Application of the recommended doses
of NPK fertilizers was done as nitrogen in the
form of ammonium sulphate (20.6 % N); and PK
fertilization regimes as 500 kg fed" and 400 kg
fed' of calcium superphosphate and potassium
sulphate, respectively. The nitrogen fertilizer was
added at three equal levels after 7, 15 and 21 days
of transplanting. Inoculation with the best isolate
was performed by adding .an aliquot of 5.0 ml of
the bacterial inoculum over head soil adjacent to
the seedling root system of 21-day old tomato
seedlings in heavy inoculum of > 10® cell ml’.
Plantation, incorporation into the soil of the
fertilizers, inoculation with  biosurfactant
producing bacterial culture, irrigation and
sampling procedures were applied as pot
experiment,

The applications of heavy metals were applied
in two sets of pot experiments. In the first set,
heavy metals (Zn, Cu and Co) were introduced at
planting. While in the other; the (Zn, Cu and Co)
were incorporated into the soil 15 days after
seedling establishment. These pot experiments
were designed to clarify the effect of
bioremediation of Zn, Cu and Co by biosurfactant
as well as the vegetable growth in the soil
inoculated with the best isolate. The adopted
potting mixture facilitates an appropriate root
establishment and plant standing.

Along the experimental period of 60 days,
plants were watered to keep the moisture level at
ca. 60% WHC. An additional inoculum was added
at 15-day intervals. Four treatments were allocated
for either vegetable plant in triplicates.

2.8. Statistical analysis

Data were statistically analyzed by least
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significant difference (Snedecor and Cochran,
1980) as well as correlations and linear
regressions among different growth variables.

3. RESULTS AND DISCUSSION

Ten soil samples were collected from two
governorates for the isolation and screening of
bacterial isolates producing biosurfactant. Ninety
five bacterial isolates were isolated and purified,

Data obtained indicated that the majority of the
isolates displayed a colony size less than 1.0 cm.
Also, the consistency was ranged between aqua to
rough in most bacterial isolates. Colony color, was
creamy, yellow, white, brown and white brown.

The morphological characteristics of the
purified isolates represented five forms of bacteria
i.e. spore-forming, micrococci, short rods G-, long
rods G+ and filamentous bacteria. Data in Table
(1} and Figure (1) reveal that spore-forming
bacteria represented the highest percentage of the
bacterial isolates (38.7%) followed by micrococci
group {34.4%). While, short rods Gram negative
represented (16.1 %) of the total isolates. Long
rods Gram positive and filamentous 'bacteria
represented 5.4%, respectively.

turbidity as well as sediment in their broth culture
media. Also, 20% of the total pure isolates was
giving a pellicle.

The Gram staining results of pure isolates are
presented in Fig. (2). The results indicated that the
Gram positive presented (84.2%) of the total
isolates. While the Gram negative represented
(15.8%) from the total isolates.

The motility test showed that 57.9 % of the
total isolates were motile but the rest were not
motile (Fig. 3).
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Fig. (2): Gram staining percentage of the
bacterial isolates.

Table(1): Number and form of bacterial isolates of each soil sample tested

Sample No of Isolate form
No. Isolate. Spore- Micrococei Shortrod | Long rod Filaments
forming G G bacteria
Sml 10 : 5 - 3 - 2
Sm2 12 4 4 3 1 -
Sm3 1i 2 6 3 - -
Smd 8. 3 3 2 - -
Sm5 7 2 2 1 1 1
Smé 8 4 3 - - 1
Sm7 12 5 4 2 1 -
Smg 3 3 4 1 - -
Sm% 10 3 3 - 1 1
Sm10 9 4 4 - 1 -
Total Isolates 95 37 33 15 5 - 5
L.
& non-motie
Micrpmect shortrods  Longrod  Flaments '
Type of olatas
Fig. (1): Distribution of bacteria) isolates

isolated from ten soil samples.

The growth of pure isolates on nutrient broth
showed that more than 50% of the isolates gave a
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- Fig. {3): Percentage distribution of motile
and non-motile bacterial isolates.



3.1Biochemical tests

Data presented in Table (2) showed the results
of biochemical tests for the selective and chosen
isolates. :

with the same percentage of decrease.
The best isolate (Sm2-4) for the production of
biosurfactant was classified according to Brenner
et al. (2005). The classification results were

Table (2): Biochemical tests of the selective bacterial isolates.

Form

Tests and results

Spore-forming bacteria

Club shape, spore, large, strict aerobe, catalase (+), V.P. (+), cell
diameter > 1 um, citrate (+), growth in 6.5% NaCl (+), starch
hydrolysis (+), glucose fermentation (+) and mannitol fermentation (+),

Long rod, non- spore form

Club shape, non-spore, branching, rudimentary, catalase (-), acid fast (-
), oxidase test (-) and Hugh LefSon test (+).

Short-rods form Short rod, Gram (-), motile, non-spore, oxidase(+), indole (+), methyl
red (+), catalse (+), urease (+) and glucose fermentation (-) .

Cocci form Round and oval shape, Gram’, non-motile,

Filamentous shape Branching filaments, Gram (+), irregularly size elements, non-motile,

flagellate spore, gelatin slowly liquefied, Indole {+), starch hydrolysis
(+) and nitrate hydrolysis (+).

3.2.Biosurfactant activity

Thirty three isolates were tested for
biosurfactant production (Sarubbo,2006). Only 6
isolates had potential to degrade the diesel oil after
3 to § days with a different degree of degradation
(Tabie 3). Isolates Sm 2-4 gave the highest
degradation of motor oil after 3 and 5 days of
incubation period. While, two isolates only (Sm2-
9 and Sm2-12) gave very good resulis of
degradation after the same period. Moreover, the
three isolates (Sml-1, Sm2-3 and Sm2-8) gave a
pass result. On the other hand, the rest of the total
isolates (27 isolates) was not able to degrade the
diesel oil after 3 and 5 days of incubation periods.

recorded in Table (6) and Fig.(4).

According to the morphological and
biochemical tests carried out, the best isolate
proved to be Rhodococcus sp.
3.3.Resistance to heavy metals

The best bacterial isolate (Rhodococcus sp. )
which gave the highest emulsion layer was
accomplished for resistance to heavy metal test in
nutrient broth supplemented with three heavy
metals in salt form ( Cu, Zn and Co sulfate) with
three concentrations for each heavy metal salt (25
ppm, 50 ppm and 100 ppm). The cultural medium
supplemented with heavy metals was inoculated
by bacterial isolate (Sm2-4) and incubated at 30°C

Table (3): Degree of degradation of the diesel oil of the thirty three isolates after 3 days.

Isolate number Sml-1 Sm2-3

Sm2-4 Sm2-8 Sm2-% Sm2-12

Degradation diesel oil 1+ 1+

5 1+ 3* KN

Pass (+), Very good (3+) and Excellent (5+).

The percentages of the height of emulsified
layer (cm) after 3 and 5 days of incubation period
of the selected six isolates are presented in Tables
(4 and 5). The results showed that isolate Sm2-4
gave the highest emulsification percentage (91%)
after 3 days of incubation period. While, isolates
number Sm1-1, Sm2-3 and Sm2-8 gave the lowest
% and reached 71% of emulsification % after 3
days. Both isolates number Sm2-9 and Sm2-12
gave the second category of emulsified percentage
which reached 88 % after three days of incubation
period. While, the increasing of the incubation
period to 5 days led to decreasing the
emulsification  percentage in all isolates tested

for 24-48 hours. It was found that the Sm2-4
isolate can grow in a culture medium
supplemented with 25ppm and 50 ppm of Zn and
Co sulfate. While in a medium containing Cu
sulfate the isolates can grow only in 25 ppm.
While, in a culture medium supplemented with a
concentration of 100 ppm of the three heavy
metals, the bacterial isolate failed to grow (Table
7.

These results are in agreement with the data
obtained by Sheng et al. (2008)who, reported that
biosurfactant was found to exhibit different
multiple heavy metals (Pb, Cd, Cu, Ni and Zn).
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Table (4): Emulsification layer (%) of the six pure isolates after 3 days of incubation period.

Height of Height of diesel Total height of The % of
No. of isolates. emulsification layer oil layer (¢cm.) solution (cm) emulsification

{cm /Culture) layer (E24)
Sml-1 2 0.5 2.5 80
Sm2-3 1.5 0.6 2.1 71
Sm2-4 2.1 0.2 2.3 91
Sm2-8 2.2 0.3 2.5 88
Sm2-9 2.2 0.3 2.5 88
Sm2-12 1.5 0.4 1.9 79

Table (5): Emulsification layer (%) of the six pure isolates after 5 days of incubation period.

Height of Height of diesel | Total height of The % of
No. of isolates emulsification layer oil layer {(cm) solution (cm) emulsification

{cm / Culture) layer (£24)
Sml-1 1.9 0.6 2.5 76
Sm2-3 14 0.7 2-1 67
Sm2-4 2.0 0.3 23 87
Sm2-8 1.9 04 23 83
Sm2-9 1.9 0.4 2.3 §3
Sm2-12 1.6 0.5 2-1 76

Table (6): Morphological and biochemical results of the best isolate (Sm2-4).

Characteristics Result
Cell shape Rodo- cocci
Cell size 0.8-1.0 Um
Colony size 10-15 mm
Gram staining Positive
Motility Negative
Spore formation Negative
Growth in 02 Aerobic
Tolerance to 6.0% NaCl Negative
Catalase Positive
Oxidase Negative
Gelatin liquefaction Positive
Nitrate reduction Positive ]
Starch hydrolysis Negative
Glucose, maltose, mannitol fermentation Positive
Utilization of citrate Positive
. -
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Fig. {4): Colony form, (A) and microscopic examination (B) of isolate Sm2-4,
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Table (7): Growth of Rhodococcu sp. in nutrient broth medium containing three concentrations of
Zn, Co and Cu metal salt,

Concentration {(ppm)
Heavy metal salt 25 ppm 50 ppm 100 ppm |
Cu Sulfate 1" —_ —
Zn Sulfate 2 2 —
Co Sulfate 2 2" —

No growth (-), low grow (+) and medium growth (2+).

3.4. Application of biosurfactants
experiment

Growth parameters of tomato plants grown for
60 days as affected by heavy metals and bacterial
treatments are presented in Table (8). At the
beginning, tomato plants of all treatments nicely
grew with no nutrient deficiency symptoms.

Plants of less than 26 cm in height were
detected . with plants left without treatment
(control). Recommended fertilizers N, P, and K
stimulated plant growth, this resulted in 38.4 %
increase in height of 60 day old plants. While, the
plants fertilized with recommended dose of NPK

in pot

treated with a mixture of Co, Cu and Zn sulphate
15 days after planting gave 57.1% increase in
plant height when compared with the untreated
ones.

Root sizes ranged from 2.2 to 6.8 cm
depending upon treatment and plant age.

Root and shoot yields significantly increased as
a result of inoculation and / or heavy metals
treatment. When Rhodococcus sp. and heavy
metal salts (25 ppm concentration) were applied in
the presence of full dose of agrochemical root and
shoot dry weights achieved 84.2 and 193.3%
higher than those of the control. Also, in the case
of applying Rhodococcus sp. and heavy metals 15

and inoculated with Rhodococcus sp. as well as

Table (8): Tomato growth characteristics of the different treatments after 15, 30 and 60 days of planting.

Days after planting Treatments
Control | Full dose Full dose of NPK plus Full dose of NPK plus, a mixture
of NPK a mixture of Cu, Co and of Cu, Co and Zn 15 days afier
Zn and Rhodococcus sp. planting and Rhodococcus sp.
: Plant height (cm
15 13.50 17.4 17.0 19.2
30 19.60 33.3 34,9 37.8
60 2520 40.9 54.6 58.7
L.S.D. (6.05) 0.17
Root size {em)
15 22 2.7 2.9 3.0
30 43 5.4 5.8 59
60 5.2 6.1 6.2 6.8
L.S.D. (0.05) 2.96
Root dry weight (g plant'l)
15 0.13 0.14 0.15 0.19
30 0.26 0.28 0.31 0.39
60 0.38 0.69 0.70 0.83
L.S.D. (0.05) 1.87
Shoot dry weight (g lant™)
15 0.72 0.89 0.90 .90
30 1.34 1.65 1.77 1.85
60 1.63 4.36 4.78 5.25
L.S.D. (0.05) | 3.77
No. leaves (per plant)
15 20 28 29 30
30 33 56 60 68
60 43 77 83 92
L.S.D. (0.05) 48
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days after planting, root and shoot dry weights
showed 118.4 and 222.1% higher than those of the
untreated ones.

Tomato plants bore considerable number of
leaves. Plenty of these (83 and 92 per plant) were
produced by plants received the full recommended
dose of fertilization rate together with the
incorporation into soil of the tested dose of the
three heavy metals tested.

These results are in agreement with the data
reported by Sheng er al. (2008). They reported
that a pot experiment demonstrated that the
application of the Dbiosurfactant in  soil
contaminated with heavy metals significantly
enhanced biomass of tomato plants.

In conclusion, the application of biosurfactant
and  biosurfactant-producing  bacteria in
environmental technologies (bioremediation and
phytoremediation) has been studied in some
researches. Also, both organic and inorganic
contaminants can be removed through different
processes (physico-chemical and biological) in
which biosurfactants are involved. Due to their
biodegradability and low toxicity, they are very
promising for the wuse in environmental
biotechnologies. The commercial success of
biosurfactants is still limited due to their high
production cost. Optimized * growth conditions
using inexpensive renewable substrates (agro-
industrial wastes) and novel, efficient methods for
isolation and purification of biosurfactants could
make their production more economically
feasible. Another important aspect regarding
biological remediation technologies is the use of
biosurfactant in the process on a large scale,

Little is known about the potential of
biosurfactant production by microorganisms in
situ. Most of the described studies were done
under laboratory conditions. More efforts are
required to evaluate the biosurfactant production
by microorganisms in situ and their role ‘in
biological remediation technologies. More
information is required concerning the structures
of biosurfactants, their interaction with soil and
contaminants and scale up and cost effective
biosurfactant production.

Nevertheless, careful and controlled use of
these interesting surface active molecules will
surely help in the enhanced cleanup of the toxic
environmental pollutants and provide us with a
clean environment.
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