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Table 1. Some of the physicochemical characteristics of the soil in the study area.

3 ' ; N —
A U S S S

. 9 9 9, 9 2
202 33 ? 2k
3 03 4 4 4 4 5 S
LN T T B B S T B
~ ~ (< (= = (3} 2 O ) g c =
g & 3§ 8 8 & P
= g < 5 T ] e
g < z I 2 =

mg kg™’ % dsm™ cmol. kg™ %

380 6.5 49 094 1.83 5.8 0.033 1.1 7.4 10.1 46  0.01 41 37 22

33 CBC,\-&J&J.’\}- Ju.o)s&w;;ﬁ-‘pij
ssba oS i 05k Dl 4 caens S
Gl Ao s o s 8l sl L;J\;v;;u
OLLS & by e S Wb ol

Oo3 Vo e Ul 2 s 5 n S

Y

TLROv U N E R P OSSP (K g% ¢
(VLelS b S sl Ol bty w s
s gl 5 0T el 308 5 Vs
Sl o pmn o DS 5 ey g (S
se edalin ) JSE 53 6 sbolen (Y Jats)



Ol g pSags gola

S AL gl Gla e 5 et eSS
(FQ) 3pd e eslial il Ol 5, Jawy
Olpeas o8 bacp Soodea I L35 Ollulr 5
Ol 525l 5 S eslinad (550 5 S e
Bl e Al 3 Sk 5 s sba
SASL slas sy 3 bt b S e Bl LY
Sl Gl g SU oas wlsl S Olg e
oy Laodo¥T oz LB ,6 i b
ags Gl O il 5 eSS g g 5
Tl 5 ol ESen 550 JS 5B (S
53 oS oblS s sl Caeal 8L L S
Y odsds 5 &S jsboles syl i Sadl Gl
L3 o 8L s 5 olS B8 550 e s dalin
P e el a3l 1l e olS 5 Gl
Tl 0S5 s B8 Sl bt s a8 Ol e
S Olin (p S 5 2 Iy elisesd g b ol
¥ ododr 5 a8 sbolen s dals Slag 4 by e
sbobes 3 6 SL L S mal 55l e o
Shebr cd Gl Ll e oS WL 4 gl
Aol g oo SIS 4 (g SL il A S
Vo e S o [ Sl el o Gl
Sl s ai sl Gds 5w 05y
ey slacdls dals St 4 Cod skiciS
Soogpor Ao S s Sdm bt
Jsa s 8 DLS 5 4 dald gl s
che 2 3 () cul (g8 a RV
St s b LS 5w Sk s i (So
4 o 5L L Sb a5 elS el 508 L
5 2lee 8L L S mil 5 olS ks

1- Volatilization

)

IS S 3 g slye G 5 4
byl s aS s S s 800l 1) dals St 4 e
CS Oy S 4 Cad olS e s S
Clled 5 G ) plply il Sols
Al e Sl ClS G OIS s s S
5 phe S8, S Dl oS i, A5 L
T & OplnST STy sl Y OS]
SBLS i s e JWSI S Senl
S owS e mis o gbeyl s Joolss
Sl AS o SWS b sl Gl 4 O LSS
5 A, Gl el g S G b
OlalS e oosle (8) AS e RN PIRHE S
b b L S el Gl s
5 aday Sl 5 Ol Glads) ptemn 3 Sl
YY) Al lace Saodes ediSi o Lagy 5
Bl S mbe [sam 55 Ol g, (Y
SadsSIp & s e S w5 A
Ot VoS dT8 S Bl e S 58
oSl Sl 5 s 4 Sae o3b5
oS el o3ls OLE lata 3 (V) 5,05 olS 4 anls
Co sl s Slagyl lags Saods Cid
(1) 3 oS O b b el Al g5 ois
2 Sl mla a5 oS das e LY S
rLﬁ-g;jL;g_éja- Aoy 6 8SLL S =il LS
5 S8l b e Shlpl dald 4 s SbE s
Gk B 5 5 SL L Sl il IS e
S s el s Sl oy Tk 53
ol i Sl WL T 5l Sk (s 8)
il Ldf:jﬂ Cls.ﬂ A s oy (Lo A) St s
LS A My olsesa e S0 L S
(Y JK2) il Sl s bt ks Gl A
el CE a5 8L s ol e S

Lgumﬂ &U\}? 5 Sl Jﬁjﬁ“.} v\.'slf”da



1R (Y) 25l (YY) sl SB 5 O clblis (6l gy @ puid

S BL) r\ic.ﬁas_‘ib RV BY) JJL_{JU 4.;}.‘37.7—* J}.\»

Table 2. VVariance analysis of removal percentage of crude oil in the soil.
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Oil crude*bacteria
oS # ol i
164.56** 3 =T
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olS o SL
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oS o SU % ol i
141.11%* 6 SR b b
Oil crude*bacteria*plant
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35.39 48
Error

B B

.w.).é&uwjég&}@cb):%ﬁyi B
*and ** indicate significant at 5 and 1 % probability level, respectively.
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Figure 1. Effect of phytoremediation on removal of oil pollution in different levels of oil pollution.
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Figure 2. Effect of bioremediation on removal of oil pollution in different levels of oil pollution in soil.
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Table 3. Mean comparison of interaction effects of bacteria, oil pollution and plant on the percentage of
removal of crude oil in soil.

EORIE U I RES

Remove of crude oil (%)

(D) = s o
Levels of crude oil (%)

6;’5 Lok
Bacteria treatment

oS g5
Plant type

9.00’ 4 (No bacteria) s =SU o s (No plant) L8 o5
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.L.ql..da do s 0 Jla| Cla.ﬂjz Sol3 oo f’\"’ O gt o alie Loy >
The same letters in column are insignificant at P<0.05.
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Table 4. Analysis of variance dry weight, chlorophyll concentration and proline concentration.

Sla o 5Kl
Mean square VT am s S e
s ks JEFRERCRE Six 35 Degree of freedom Source
Proline concentration Chlorophyll concentration Dry weight
x o - s SL o alt i
0.19 0.08 21.06 4 G ® el o8
Crude oil*bacteria
. ox ox oS # alt
0.24 0.02 978.59 4 A
Crude oil *plant
o - s olS # g SU
0.016 0.15 97.09 4 > ® S5
Bacteria*plant
. - - oS # o SL o ol i
0.087 0.12 20.47 8 ok aa
Crude oil *bacteria*plant
Lo
0.05 0.16 3.58 54
Error

.\:z*ﬂ.).}&dﬁ“)}«_{ij@Ch.ﬂ))%;@ai#}:ﬁ

*and ** indicate significant at 5 and 1 % probability level, respectively.
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Table 5. Interaction effects of different levels of oil pollution, inoculation of soil with bacteria and plant
type on dry weight (g per pot), leaf chlorophyll (mg/g fresh leaves) and proline (micro mol/g fresh leaves)
in different plants.

Toies gt 2L o -
concentration  concentration dry weight oil (%) Bacteria treatment Plant type
0.41j 2.04kI 11.19mn 0 (No bacteria) s =sU 054 (Barley) s~
1.19i 2.98cd 23.74jk 0 (p. putida) Liis oolisess oo (Barley) ;>
0.97i 2.79def 20.351 0 (A. rasilense) il p sl e s i/ (Barley) 5
0.4 2.60fgh 28.79h 0 (No bacteria) (s S o5 (Sorghum) ¢ 5, 5o
1.12i 3.30a 42.24e 0 (P. putida) /sy ol go 23 or (Sorghum) ¢ 5, 5o
0.95i 3.20ab 36.45f 0 (A. brasilense) il s p sl orssl - (SOrghUM) o 55 5o
0.44j 2.74efgy 63.08¢c 0 (No bacteria) s =SU 054 (Bermudagrass) e
1.12i 3.04bc 83.02a 0 (P. putida) /L s ol 3053 g (Bermudagrass) =
1.03i 2.93cde 71.99b 0 (A. brasilense) _.il/, fﬁgﬂjj (Bermudagrass) ;e
1.54fg 1.75mn 4.04q 4 (No bacteria) (s sSb o5 (Barley) 5~
2.40e 1.91Im 9.29n0 4 (P. putida) /g b 5o 50 5o (Barley) ,~
2.17e 1.84Im 8.640 4 (A. brasilense) illy o sl sl (Barley) -~
1.31ghi 1.90Im 12.27m 4 (No bacteria) s =SU 054 (Sorghum) ¢ 55, 5.
2.32¢ 2.82de 25.91i 4 (P. putida) fiis lise s sur (Sorghum) ¢ 5, 5
1.72f 2.46hi 22.86k 4 (A. rasilense) il ool e i/ (SOTGHUM) ¢S, 5o
1.05i 1.85lm 32.52g 4 (No bacteria) s =L oL (Bermudagrass) e
221e 2.55gh 55.32d 4 (P. putida) /i gy olise 505 (Bermudagrass) .
1.48fgh 2.26ij 55.24d 4 (A. brasilense) il ool oo s ;I (Bermudagrass) e
2.45¢ 1.000 3.40q 8 (No bacteria) s S 054 (Barley) ,~
3.90a 1.60n 8.550 8 (P. putida) /iy olises3ser (Barley) 5~
3.40bc 1.150 6.11p 8 (A. brasilense) bl o al sl (Barley) 5
2.47e 1.030 7.92p 8 (No bacteria) (s =L 054 (Sorghum) ¢ %, 5.
3.70ab 1.20jk 23.04k 8 (P. putida) /s s olisess 3o (Sorghum) ¢ 5 5.
3.30c 1.94Im 19.441 8 (A. brasilense) bl o sl e s/ (SOTGAUM) ¢ S, 5o
2.85d 1.130 11.44mn 8 (No bacteria) s =L 054 (Bermudagrass) .=
3.78a 1.93Im 29.23h 8 (P. putida) /L s ol 3053 g (Bermudagrass) ;e
3.54abc 1.72mn 25.23lj 8 (A. brasilense) _..il/ . M.Qﬂjj/' (Bermudagrass) ;=

Al e Aoy 0 dL«;;—léaM):)bJ'.m pde 0 g 5 alie by >
The same letters in column are insignificant at P<0.05.
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Abstract

Background and Obijectives: Petroleum products are one of the most widely used chemicals in
the modern world. Petroleum hydrocarbons have become a global problem for the environment.
These compounds are highly resistant to the environment and are harmful to human health.
Application of bioremediation process to remove polyaromatic hydrocarbons from
contaminated soils is one of the most economical and desirable options. The purpose of this
experiment was to investigate the percentage of hydrocarbon removal from soil polluted with
hydrocarbons (crud oil) by sorghum, barely and bermudagrass with and wihout Psudomonas
putida and Azosprillum brasilense.

Materials and Methods: In this study, simultaneous efficiency of phytoremediation and
bioremediation in removal of crude oil from soil was investigated. For this purpose, a factorial
experiment was conducted in a completely randomized design with three replications. The
treatments consisted of three levels of soil contamination with oil (0, 4 and 8% oil), four herbal
treatments (no plant, bermudagrass (Cynodon dactylon), sorghum (bicolor Sorghum) and barely
(Hordeum wvulgare)) and three bacterial treatments (no bacteria, Psudomonas putida and
Azosprillum brasilense). To do the experiment, samples of five kg soil samples were contaminated
with different amounts of crude oil and poured into plastic pots. After six weeks to reach the
equilibrium of contaminated soils, these soils were inoculated with Pseudomonas putida and
Azospirillium brasilense bacteria, then in polluted soils of inoculated with bacteria and no
inoculated three gramineae species were planted. Ninty days after planting, plants were harvested.

Results: The results showed that interaction effects of treatments on the percentage of crude oil
removal were significant at 1% probability level. Percentage of crude oil removal was
significantly increased by plant cultivation alone, bacterial inoculation alone, and combined
plant and bacterial application. Cultivation of plants was more effective than soil inoculation
with bacteria in reducing the concentration of oil and plant increased bacteria function
significantly so that, there were significant difference among treatments of plant alone,
inoculation with bacteria alone and plant + bacteria. The highest removal percentage was
observed in combined application of plant and bacteria. In each treatment with soil inoculation
with bacteria, with increasing levels of oil pollution, dry weight of plants decreased but, at each
level of crude oil pollution, inoculation of soil with bacteria, the dry weight of shoot increased.
Soil inoculation with bacteria improved dry weight of shoot through removal of oil pollution in

* Corresponding Author; Email: koohkan_7001@yahoo.com
£g



soil. Chlorophyll concentration decreased significantly with increasing level of contamination.
While, inoculating the soil with bacteria and reducing the negative effects of oil contamination
and nitrogen availability on the plant, chlorophyll concentration in fresh leaves increased. With
increasing levels of oil pollution, the mean proline concentration in fresh leaves of plants was
significantly higher than that of control. Its highest concentration (in each plant) was obtained at
8% of crude oil pollution. Inoculation of soil with bacteria in polluted soils and non-polluted
soils increases the amount of proline in the leaves of plants. In each level of crude oil pollution,
inoculation of soil with bacteria, the proline concentration of leaf of plants increased. The
highest concentration of proline was measured in the treatment of the highest oil pollution level
(8% crude oil pollution) and inoculation with Pseudomonas putida.

Conclusion: Establishment of plant with microorganisms can be considered as a key
component of the strategy to remove hydrocarbons. Consequently, these bacterial and plant
species can be used for the biodegradation of soils contaminated with crude oil.
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