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to Crude oil Polluted soil amended with Centrosema pubescens Benth and NPK
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ABSTRACT: Growth and biochemical performance of Manihot esculenta Crantz (TMS 0505) amended with
Centrosema pubescens and NPK fertilizer were carried out. Contamination levels of 2%, 4%, and 6% were used
while amelioration treatments C. pubescens and NPK 15:15:15 were carried out by adding organic supplement
(decomposed Centrosema pubescens) and NPK at the rate of 0.25Kg per 5Kg of soil to the various levels of crude oil
contaminated soil, alongside a control treatment. Results showed that addition of Centrosema pubescens and NPK to
the crude oil polluted soil improved the growth and biochemical performance of cassava. For the qualitative
observations tested, the amelioration treatment recorded significant (P=0.05) increase in plant height, petiole length,
leaf number, leaf area, fresh weight, dry weight and moisture content, than those of the contamination treatment. Soil
physico-chemical analysis such as Total Organic Carbon (TOC), Total Organic Matter (TOM), pH, available
phosphorus, Total Nitrogen and heavy metals analysis were determined in the soil before and after pollution and after
amelioration. There were significant (P=0.05) increases in plant height, leaf number, leaf area, dry weight, fresh
weight and total Chlorophyll contents in soils amended with both C. pubescens and NPK fertilizer than those
containing single amendment (C. pubescens or NPK fertilizer). Therefore, this study suggests that Centrosema
pubescens and NPK in combination proved effective in remediation of the growth components of Manihot esculenta

in crude oil contaminated soil. ©JASEM

DOI: http:/ /dx.doi.org/10.4314/jasem.v17i2.4

Human technological and scientific advances have
caused environmental changes that are impossible to
evaluate and fully comprehend. Our ability to change
the environment has increased faster than the ability
to predict the effect of that change. Pollution of the
environment is one of the major effects of human
technological advancement. Pollution results when a
change in the environment harmfully affects the
quality of human life including effects on animals,
microorganisms and plants (Ogboghodo, ef al.,2005).
Crude oil pollution can be defined as the introduction
of crude oil or its derivatives with its associated gases
into the environment (air, water and land) in
quantities that are poisonous or capable of causing
immediate physical, chemical and biological damage
to the affected ecosystem (Tanee & Anyanwu, 2007).
One of the environmental challenges posed by this oil
pollution is the alteration in the physical and chemical
nature of the soil which subsequently affects the
growth of plants (Tanee and Akonye, 2009).
Petroleum hydrocarbon contamination may affect
plant by retarding seed germination and reducing
plant height, stem density, photosynthetic rate and
biomass or resulting in complete mortality ( Pezeshki,
et al.,2000).

Petroleum (crude oil) pollution has been found to
affect the cultivation and production of economic
crops including cassava especially in the Niger Delta.
There is therefore, need to remediate such polluted
site to improve plant performances.

The study attempts to investigate the growth
performance of cassava (var. TMS 0505) in crude oil

contaminated soil amended with leaves of
Centrosema pubescens and NPK. The choice of
cassava for this study is necessitated by the fact that it
is the most common crop cultivated in the Niger
Delta where crude oil pollution is inevitable. It is
expected that result obtained from this study will
widen our knowledge on the effect of oil pollution on
the growth of plants and how Centrosema pubescens
and NPK fertilizer can be use to improve such
conditions for better performance of crops.

MATERIALS AND METHODS

The top loamy soil used for the study were collected
from the University of Port Harcourt Botanic Garden.
The crude oil was obtained from Nigerian National
Petroleum Corporation, Eleme, Rivers State. Cassava
(Manihot esculenta Crantz) TMS 0505 variety
cuttings and NPK 15:15:15 were obtained from
Agricultural Development Programme (ADP) in
Rivers State. Leaves of Centrosema pubescens were
obtained from farms at Alakahia community opposite
University of Port Harcourt Teaching Hospital
(UPTH) and Abuja campus. physico-chemical
properties of the experimental soils (loamy soil, and
contaminated soil) were analyzed using standared
procedure (Allison, 1965; A.0.A.C., 1975; Udo and
Ogunwale, 1986).

A 3x4 factorial arrangement fitted into completely
randomized design were used, each treatment were
replicated three times. Top loamy soil weighing 5kg
for each bucket were used. The soil was mixed
thoroughly with different levels of crude oil thus, 0%,
2.0%, 4% and 6% and placed in a plastic buckets
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based on each treatment. A total of 72 plastic buckets
were used for the experiment. The buckets were
perforated at the bases and sides to allow for aeration
and drainage. These were allowed to stand for one
week for the oil to acclimatized to the soil before
remediation.

Leaves of Centrosema pubescens and NPK 15:15:15
were used to ameliorate the crude oil contaminated
soil. The reasons for the choice of these two materials
are that they are cheap, easily available and have high
nitrogen content which is always a limiting factor in a
crude oil polluted soil. Each ameliorating material
was weighed 0.25kg for each 5kg soil per bucket. The
remediation/treatments were in this order,

Soil with 0%, 2%, 4% and 6% crude oil
contamination respectively, Soil with 0%, 2%, 4%,
6% crude oil contamination and NPK, Soil with 0%,
2%, 4% and 6% of crude oil and C. pubescens, Soil
with 0%,2% ,4%and 6% of crude oil mixed with C.
pubescens and fertilizer

After treatment was carried out, a period of three
weeks was allowed for the NPK and leaves of
Centrosema pubescens to decompose in the soil
before planting. Three cassava cuttings, ranging from
4-5cm were planted thereafter

The following growth and biochemical parameters
were analysed: plant height, petiole length, leaf
number, fresh weight, dry weight, total organic
carbon (TOC), total organic matter (TOM), pH,
available phosphorus, Total Nitrogen and heavy
metals.

The shoot length (plant height) was measured with a
metre tape in centimetres from the soil surface to the
plant apex. The plant were uprooted from each bucket
and weighed immediately on a weighing balance,
model PN 163 to avoid moisture loss. This was done
to obtained the fresh weights. To get the dry weights,
the plants were taken to the laboratory, oven-dried at
80°C for 24 hours to get rid of all moisture and ensure
a constant weight. It was then weighed on a PN 163
model weighing balance. Leaf chlorophyll content
was extracted from 1.0g of leaf sample. The sample
was homogenized by adding small amount of 85%
acetone. 25ml aliquot of extract was added to 50ml
diethyl ether in a separating funnel. The optical
density at 660nm and 643nm in lcm cell was
measured using ether as a reference. Leaf
carbohydrate content was analysed by extracting 1.0g
of dry leaf sample and digested with Perchloric acid
and the sugar was determined colorimetrically by the
Anthrone method. The nitrogen content was
determined by the Kjedahl method (Stewart, et
al.,1974) in which 1.0g of leaf sample was heated on
an electro thermal hot plate, until digest turned to
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sky-blue, then diluted with 100mls of diluted water.
30mls of 40% NaOH added and the sample was
heated to release ammonia. The distillate was titrated
with 0.01M hydrochloric acid.

All data collected were subjected to statistical
analysis such as Analysis of variance (ANOVA) and
standard error means. New Duncan Multiple range
test NDMRT) was employed to separate means.

RESULTS AND DISCUSSION Result
showed that addition of amendment materials to the
crude oil polluted soil significantly (P=0.05)
increased the plant height of cassava (fig.1). Highest
significant plant height was recorded in the compost
and NPK combined treatment. There were significant
(P=0.05) reductions in petiole length and leaf number
with increasing concentration of crude oil (fig. 2 and
3). In fig. 4 the fresh weight of cassava were found to
improve with time when compared with the control.
Compost and NPK 15:15:15 was found to be most
effective in improving fresh weight yield than the
other treatment options while the control produced
least. Similar results were recorded for the dry weight

(fig. 5)

Addition of ameliorating materials to crude oil
polluted soil also improved the biochemical
properties of cassava. Tables 1,2, 3 and 4 showed a
significant (P=0.05) improvement in the leaf
chlorophyll, leaf carbohydrate and leaf nitrogen in the
different remediation treatment as compared to the
control (no remediation). NPK 15:15:15 + Compost
treatment recorded the highest (P=0.05) Ileaf
chlorophyll content followed by compost. In leaf
nitrogen content compost recorded the highest
followed by NPK + Compost with no significant
difference between them.

The drastic reductions in shoot length and root length
as well as the entire stunted growth of plant in crude
oil polluted soil may be due to high degree of toxicity
causing damage to the root and shoot tissues thereby
making the absorption of nutrients impossible (Udo
and Oputa, 1984; Renault et al., 2000). Crude oil
pollution also affected the leaf area of the crop, this
may be as a result of interference of the oil
constituent with photosynthesis and transpiration
probably by clogging the stomata (Al-Azab et al.,
2005). The concentration of crude oil pollution
influenced the yield parameters of the crop at low and
high pollution levels, respectively, compared to the
controls. (Offor and Akonye, 2006). It may be
suggested that the reduction in crop yield could have
been due to competition for the limited nutrients
between microbial population and the crop as a result
of high carbon content in the soil relative to nitrogen
(Inoni, 2006; Fernet, 2008), as depicted from the
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physico-chemical properties of the polluted soil in
this study. In oil polluted soils, nitrogen and
phosphorus  quickly = become  limiting to
biodegradation of oil and plant growth, resulting in a
delay in the rate of soil recovery and a decrease in
crop yield (Vwioke and Fashemi, 2005). It has been

reported that addition of Nitrogen and phosphorus
enhances biodegradation of polluted soil presumably
by removing the Nitrogen and Phosphorus limitation
resulting from low natural level (Lee er al.,2000;
Odokuma and Ibor, 2002).

Table 1: Physico Chemical Properties Of Experimental Soil

CONCENTRATION (%)
PARAMETERS 0 2 4 6
pH 5.740.10 5.6 £0.20 5.3+0.13 5.0 £0.12
Total N(%) 0.42+0.02 0.25 £0.04 0.17 £0.09 0.05 £0.01
Available P (mg/100g) 10.5 £0.52 5.27 £0.23 3.92 £0.21 3.07 £0.19
Mn (mg/100g) 1.99 £0.17 2.12£0.21 2.97 £0.23 3.16 £0.30
Zn (mg/100g) 1.37 £0.32 1.26 £0.29 1.07 £0.20 1.02+0.18
Cu (mg/100g) 2.16 £0.32 1.37 £0.22 1.24 £0.24 1.16 £0.19
Pb (mg/100g) 2.70 £0.30 1.92 £0.21 1.76 £0.20 1.52 £0.18
Fe (mg/100g) 2.26 £0.21 2.94 +0.27 3.04 £0.30 3.46 £0.40
Cd (mg/100g) 1.37 £0.12 1.62+0.18 1.75 £0.19 1.79 £0.20
Cr(mg/100g) 1.16 £0.13 1.27 £0.16 1.56 £0.21 1.62 £0.25
K(mg/100g) 10.64 £0.52 7.36 £0.45 4.04 £0.30 3.21+0.29
Na (mg/100g) 41.05 +£0.67 42.31 £0.56 42.87 £0.46 45.72 +0.69
Mg (mg/100g) 5.20 £0.42 5.77 £0.45 5.98 £0.52 6.13 £0.30
Ca (mg/100g) 5.59 +0.24 5.62 +£0.30 5.97 £0.28 6.02 £0.35
Total organic C (%) 1.20+0.18 3.52 +0.26 4.06 £0.35 5.29 £0.28
Total organic matter (%) 2.74 £0.10 2.17 £0.20 1.06 £0.19 0.45 £0.05
Sand (%) 78.02 +0.82 76.21 £0.76 74.30 £0.57 73.20 £0.59
Silt (%) 16.50 +0.34 12.20 £0.26 14.10 +0.30 14.24 +0.26
Clay (%) 5.20 £0.23 10.27 £0.45 11.02 +£0.56 12.36 £0.58
Moisture content (%) 62.42 +0.82 57.61 +£0.50 48.06 +0.48 42,16 +0.38
Mean=Standard Error
Table 2:Physico Chemical Properties Of Polluted Soil After
CONCENTRATION (%)
PARAMETERS 0 2 4 6
pH 5.6+0.12 5.540.24 5.4+0.18 5.0 £0.18
Total N(%) 0.32+0.05 0.10 £0.06 0.07 £0.08 0.02 +0.04
Available P (mg/100g) 6.70£0.58 1.16 £0.25 1.02 £0.25 0.74 £0.24
Mn (mg/100g) 1.04+0.20 1.05 £0.25 1.08+0.25 1.13+0.45
Zn (mg/100g) 0.87 £0.32 0.46+0.32 0.38 £0.26 0.32+0.22
Cu (mg/100g) 1.26 £0.35 0.61 £0.24 0.52+0.26 0.47+0.18
Pb (mg/100g) 0.72 +0.34 0.46+0.26 0.33 +0.24 0.28 +0.20
Fe (mg/100g) 1.60 £0.25 1.67 £0.32 1.72 £0.35 1.76+0.55
Cd (mg/100g) 0.77 £0.18 0.85+0.30 0.92 +0.24 1.04 £0.65
Cr(mg/100g) 0.89 +0.16 0.92 +0.19 1.05 £0.38 1.12 £0.30
K(mg/100g) 7.46 £0.53 1.97 £0.54 1.73 £0.35 1.52+0.20
Na (mg/100g) 27.41 £0.70 29.06 +0.45 32.17 £0.52 33.26 £0.76
Mg (mg/100g) 2.96 £0.75 3.04+0.35 3.08 £0.53 3.16+£0.38
Ca (mg/100g) 1.85 £0.30 1.97 £0.40 2.07+£0.82 2.14 £0.39
Total organic C (%) 0.07+0.22 2.86 £0.29 2.97+0.44 3.09 £0.35
Total organic matter (%) 0.96 +0.18 0.82 +0.26 0.72 +0.24 0.60+0.09
Sand (%) 77.92+0.88 75.86 £0.77 74.07 £0.75 73.02 £0.70
Silt (%) 16.07 £0.65 13.12 £0.38 14.20 £0.38 14.32+0.30
Clay (%) 5.43 £0.26 10.16 +£0.45 11.02 £0.54 12.20 +£0.68
Moisture content (%) 60.07 £0.85 57.26 £0.86 46.12+0.55 42.03+0.40
HARVEST (TMS 0505)

Mean * Standard Error
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TABLE 3: Nutrient contents in manihot esculenta (tms 0505)
After harvest (control + pollution treatment)

PARAMETERS
CHO (%)
Protein (%)
T.N(%)

T.Chlorophyll(mg/1)

Ca (mg/100g)
Mg (mg/100g)
K (mg/100g)
Na (mg/100g)
P (mg/100g)
Mn(mg/100g)
Zn(mg/100g)
Pb (mg/100g)
Fe (mg/100g)

Cu (mg/100g)

CONCENTRATION (%)

0 2
56.94+0.54 44.07+0.42
49.76+0.44 35.13+0.23
6.45£0.12 5.30£0.21
630.17+0.92 482.51+0.81
14.210.21 10.21+0.14
12.07£0.12 9.23+0.40
6.41£0.15 6.7240.18
24.12+0.21 22.21x0.30
15.7240.12 11.060.14
3.59+0.23 4.07+0.31
0.36+0.02 3.17£0.03
0.47x0.04 1.32+0.02
1.52+0.21 2.36+0.35
0.93+0.08 0.99+0.05

4

38.42+0.21
29.86+0.19
4.2620.13
416.04+0.72
9.06+0.10
7.42+0.23
7.21£0.19
20.36+0.28
9.2440.11
4.56+0.35
3.66+0.02
1.56+0.03
2.72+0.50
1.32+0.12

6
31.67+0.20
23.28+0.21
4.02+0.14
295.34+0.54
8.12+0.24
7.02+0.21
7.30£0.12
19.85+0.19
9.03£0.13
4.86+0.40
3.95+0.03
1.87£0.05
2.80£0.23
2.77£0.18

Mean = Standard Error

TABLE 4:Amelioration Treatment Variety Tms 0505 Soil Physico Chemical Properties After Harvest

Parameter
s
pH

T.N (%)

AV.P
(mg/100g
)

Mn
(mg/100g
)

Zn
(mg/100g
)

Cu
(mg/100g
)
Pb(mg/10
0g)

Fe
(mg/100g
)

Cd
(mg/100g
)

Cr
(mg/100g
)

K
(mg/100g
)

Na
(mg/100g
)

Mg
(mg/100g
)

Ca
(mg/100g
)

TOC (%)

TOM (%)
Sand (%)

Silt (%)

Clay (%)

Moisture
(%)

COMPOST
0% 2% 4%
5.6+ 5.6+ 5.5+
0.24 0.21 0.26
0.27+ 0.39+ 0.36+
0.01 0.02 0.03
6.31% 6.02+ 5.86%
0.31 0.25 0.21
1.06+ 112+ 1.18+
0.12 0.10 0.11
0.84+ 0.96+ 041+
0.01 0.02 0.03
1.57+ 1.84+ 1.72+
0.22 0.12 0.13
0.89+ 1.74+ 1.67+
0.05 0.15 0.18
1.42+ 240+ 2.66+
0.15 0.23 0.30
0.76x 0.84+ 0.90+
0.26 0.32 0.40
0.88+ 0.92+ 1.07+
0.02 0.03 0.42
6.42+ 5.76% 5.24+
0.40 0.30 0.26
27.6% 304+ 34.0+
0.12 0.60 0.50
295+ 3.62+ 370+
0.12 0.22 0.25
2.02+ 241+ 3.60+
0.12 0.24 0.28
0.12+ 2.17+ 2.96+
0.01 0.23 0.30
0.52+ 1.14x 0.62+
77.0 75.1% 74.0
0.80 0.88 0.90
16.5% 12.0+ 14.0x
0.32 0.24 0.26
5.50% 10.5% 10.6+
0.24 0.50 0.60
61210  62.07x0  56.07x0

.70

.80

.65

6%

5.5+
0.27
031+
0.02
521+
0.24

1.24+
0.16

0.34+
0.02

1.63+
0.24

1.52+
0.23
2.79+
0.14

1.20%
0.14

112+
0.24

5.06%
0.30

36.0+
0.30

3.96+
0.30

3.86+
0.28

3.84+
0.28
0.43+
73.1%
0.56
14.0x
0.25

11.1%
0.45

0%

5.7+
0.29
0.26+
0.03
6.33+
0.37

1.07+
0.20

0.87+
0.05

1.54+
0.30

0.88+
0.16
1.42+
0.23

0.75+
0.22

0.89+
0.04

6.44+
0.40

274+
0.28

2.94+
0.15

2.03+
0.32

0.11x
0.08
0.54+
77.8+
0.45
17.2+
0.30

541+
0.24

56.010  61.30+0

42

.62

NPK

2%

5.5+
0.30
0.32+
0.04
592+
0.25

1.09+
0.22

0.72+
0.06

1.65+
0.25

1.52+
0.25
236+
0.36

0.77+
0.30

0.93+
0.05

507+
0.28

29.0+
0.21

3.01x
0.26

236+
0.11

2.10+
0.24
1.02+
75.8+
0.57
122+
0.25

10.06+0
.60

60.02+0
.25

4%

5.6+
0.32
0.27+
0.03
530+
0.27

1.13+
0.18

0.36x
0.01

1.54+
0.18

1.46+
0.28
247+
0.25

0.82+
0.24

1.02+
0.30

4.86x
0.38

321+
0.26

331+
0.28

2.94+
0.15

242+
0.27
0.36x
95.1%
0.90
12.3+
0.30

11.02+0
.50

53.42+0
.45

6%

5.5+
0.30
0.26+
0.04
4.36x
0.24

117+
0.16

0.28+
0.02

1.36+
0.12

1.35%
0.30
2.58+
0.28

0.94+
0.25

1.07+
0.24

4.70x
0.28

33.9+
0.30

347+
0.30

312+
0.25

2.61%
0.28
0.20+
75.0
0.50
13.4+
0.24

11.09+£0
.65

50.03+0
.10

NPK+ COMPOST
0% 2%
5.7+ 5.5+
0.22 0.24
0.28+ 0.42+
0.02 0.02
6.32+ 6.02+
0.32 0.12
1.06+ 1.19+
0.12 0.23
0.86% 0.95+
0.03 0.07
157+ 1.94+
0.17 0.30
0.87+ 1.82+
0.08 0.19
1.44+ 2.61+
0.25 0.28
0.76x 0.94+
0.32 0.84
0.87+ 0.96+
0.08 0.95
6.43+ 6.09+
0.42 0.50
28.0+ 33.0+
0.26 0.30
295+ 377+
0.25 0.24
2.04+ 3.02+
0.28 0.30
0.12+ 2.24+
0.18 0.12
0.54+ 1.19+
77.5+ 752+
0.62 0.70
16.7+ 12.6x
0.25 0.15
52440. 104640
30 .60
524+ 10.460
0.46 .50

4%

5.6+
0.27
0.38+
0.04
5.86%
0.22

1.27+
0.24

0.83+
0.09

1.85%
0.25

1.76+
0.16
277+
0.30

112+
0.15

1.18+
0.22

5.87%
0.48

36.1%
0.25

3.98+
0.32

3.71%
0.25

3.07+
0.24
0.83+
74.1%
0.60
13.6+
0.15

10.52+0
.50

10.52+0
.82

6%

5.6+
040
0.32+
0.03
5.72+
0.34

1.34%
0.25

0.64+
0.05

L.77+
0.32

1.64+
0.42
295+
0.21

1.30x
0.18

1.27+
0.18

5.63%
0.38

39.2+
0.12

4.10+
0.50

3.96+
0.28

3.92+
0.52
0.70+
74.0%
0.80
13.9+
0.16

11.80£0
.60

11.80+0
.38

Meanz standard error
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Fig. 1: Mean Plant height (cm) at 90 days after planting control and
amendment
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Fig. 3: Mean number of Leaves of Plant at 90 days after planting
control and amendment

Dry weight (g)
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Fig. 5: Dry weight (g) of Var. TMS 0505 aat 90 days after harvest

Conclusion: Both organic and inorganic fertilizers
have proved to be very beneficial in ameliorating
crude oil polluted soil by adding nutrients to the soil
which creates an enabling environment for the
microorganisms to thrive, thus degrading the toxic
hydrocarbons in soil, making it harmless and creating
an environment that supports plant growth and
development. This study shows that the use of
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Fig. 2: Plant Petiole length {cm) at 90 days after planting control
and amendment
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Fig. 4: Fresh weight (g) of Var. TMS 0505 aat 90 days after harvest
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Fig. 6: Moisture content (%) of Var. TMS 0505 aat 90 days after harvest

Centrosema pubescens and inorganic fertilizer as
single or combined treatment would improve the soil
condition and enhance the growth of Manihot
esculenta in crude oil polluted soil.
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