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pilot farms — SC "Radyans’ka zemlya™, Belozersky district, Kherson region, in the Ingulets irrigation
system. The program included studies of physical-chemical, chemical and physical properties of soil and
irrigation water quality. In the post-irrigation period (over 15 years) the gradual regeneration of the
properties of the long irrigated soil occurs. The processes of desalinization (reduction of toxic salts content
to 0.04-0.08 %), dealkalinization (decrease of the exchangeable sodium and potassium concentration to
2.5-2.9 %), decompaction are developed. In the soil the amount of agronomically useful structure
aggregates (10 %) was increased. The content of lumpy fraction (8-9 %) was decreased.

On the basis of the results of the integrated soil assessment this soil is recommended for introduction in
irrigated agriculture.

Keywords: irrigation recommencement, soil, found out from irrigation, irrigation water, irrigation, soil-
ameliorative properties, transformation.
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Effects of different soil amendments on crude oil polluted soil and performance of maize was carried out in
Egbema, Imo State. The experiment was laid out in a complete randomized design in three replications in
pots. Eighteen pots were used in this study, with 9kg soil packed in each pot. The soil in each of the pots
was polluted with 22.5g (5t/ha) of crude oil, simulating the spill in the field except in control (Zero pollution).
There were six treatments consisting of NPK 20:10:10, Crushed limestone (CaCOs3), Cured cow dung
(CD), Cured poultry manure (PM), each applied at the same rate of 13.5g (3t/ha) except in control (Ct) and
unamended polluted (UP). Percentage organic carbon was determined three times after amendment. Two
maize seeds (Oba IlI) were planted in each pot. Seed emergence, plant height, time of tasseling, time of
silking and yield were recorded in this study. The soil was loamy sand; percentage porosity was
moderately high across the pots. The texture was not affected by crude oil pollution; however, it influenced
the chemical properties of the soil. Percentage organic carbon was high after pollution, pH was reduced
and C/N ratio widened. LSD at 5% probability, showed that crude oil pollution affects basic cations in the
soil especially magnesium. The amendment however, reduced the percentage organic carbon, narrowed
the C/N ratio, and increased the basic cations and the pH. The performance of maize crop in this study
showed the positive impact of the amendment materials used on crude oil-polluted soil when compared
with control and unamended polluted pots. NPK-treatment showed a high level of amendment than other
treatments; with yield 47t/ha for NPK, 24t/ha for Limestone, 20t/ha for Cow dung, 29t/ha for Poultry
manure, then 20t/ha and 18t/ha for Control and Unamended polluted.

Keywords: Impact, soil amendments, crude oil pollution, performance, maize.
1. Introduction

Qil pollution is the introduction of crude or petroleum products to the environment, by
the activities of man causing hazards to living resources by interfering with their legitimate use
of the environment [1]. Crude oil pollution is a release of liquid petroleum hydrocarbon into the
environment anthropogenically [2]. Crude oil has been commercially explored since the middle
of the 19th century and used for many decades for illumination; on a smaller scale, as lubricant
[3]. The invention of the internal combustion engine and its vast adoption in all transport forms
enlarged the employment of this natural resource, thus increasing its demand production,
transport, stockpiling, and distribution, as well as the raw oil and its by-products. All these
activities involve pollution risks that can be minimized, but not totally eliminated, causing several
problems to the environment.

Qil pollution in our environment has a serious hazard to human health [4]; it can pollute
ground water which limits its usefulness to agricultural productivity of the soil [5]. Crude oil-
polluted soils may remain unsuitable for plant growth for months or years depending on the
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degree of pollution. Natural rehabilitation of such soils may take some time to accomplish
because of high demand on land [6]. In Nigeria, quite a substantial amount of crude oil is spilled
annually. Between 1960 and 2003, over forty million barrels of crude oil were discharged into
the environment [7]. The most noticeable sources of pollution are releases from manufacturing
and refining installations, pipe line damages and vandalization, oil-tanker spills and accidents
during transportation of the oil. Crude oil spills result in an imbalance in the carbon—nitrogen
ratio at the spill site, because crude-oil is essentially a mixture of carbon and hydrogen. This
causes a nitrogen deficiency in an oil-soaked soil, which retards the growth of bacteria and the
utilization of carbon sources [8]. One approach to restoring contaminated soils is to make use of
substances able to degrade the crude oil in a remediation process.

A combination of treatments, consisting of the application of fertilizers and oxygen
exposure on remediation of a crude oil-polluted agricultural soil was evaluated by [9]. They
found that the quantities of fertilizer (NPK) (i.e. 4.7 to 12.5 ton/ha), moisture content between
14 % and 19 % during the wet season and a tillage rate between 2 and 5 times a week, are
necessary for an effective remediation. Organic manure has over time been used to improve
soil fertility; [10] discovered the efficiency of organic manure in promoting plant growth in crude
oil polluted soil. Ademole and Aboyeji [11] discovered in their experiment that maize planted in
soil amended with poultry compost manure and in soil devoid of spent engine oil had the
highest plant height than that planted in spent engine oil-polluted soil.

The objective of this study therefore is to determine the effect of different amendment
materials, on the physical and chemical properties of crude oil-polluted soil and the performance
and yield of maize in the amended polluted soil.

2. Materials and methods
2.1. Study Site

Egbema is an oil producing community in Imo state, South Eastern Nigeria which lies
between latitude 5°18’N and 5°31’N; and between longitude 6°56’'E and 6°95'E. The area lies
within the humid tropics with annual rainfall of 2000-2500 mm; annual temperature range of 25-
30 °C. The vegetation falls within the tropical rainforest zone.The geo-formation of the area is
mainly sandy Benin formation, characterized by Quaternary alluvium, meander belt, wooded
back swamp as well as fresh water swamps. It also lies in a low plain of rainfall; this
consequently ensures vertical and horizontal migration of fishes. Majority of them are farmers;
they produces oil palm products, yam, cassava, pineapple, maize and plaintain. The grassland
which spans several kilometers offers good habitation for rearing of livestock such as goat,
sheep, rabbit, glasscutters etc. they are also blessed with wide palm trees for wine tapping.

2.2. Field work

The selected site was devoid of slopes, and 60 meters away from the tarred road.

Random soil sample technique was used to collect soil samples. Five samples (0-
15 cm) were collected randomly using auger. Soils were also collected with three core-samplers
in the field for the determination of bulk density. The soil samples were bulked, bagged and
taken to the plant house in FUTO, where it was air-dried and sieved with 2 mm sieve,
subsequently, a sample and soils in three core samples were taken to the laboratory for
analysis, the rest was kept ready for packing.

2.3. Experimental design and treatment

Six treatments: NPK 20:10:10, crushed limestone, poultry manure, cow dung, control
and unamended polluted were employed in this study. These treatments were replicated three
times in a Completely Randomised Design, giving a total of eighteen experimental units.

2.4. Procedure

Soil packing was done in a plant house. Eighteen (18) perforated pots of volume
8064cm’ (8 litres) were brought. The mass of the soil to be packed in each of the pots was
determined using the insitu-bulk density of the study site which was 1.08 g/cms.

Therefore, using a formula: BD = M/V; M = 1.08 g/cm3 x 8064 cm®= 9 kg (approximately)
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9 kg of soil was weighed with a scale and packed in each of the experimental pots.

Five tonnes per hectare (5 t/ha) of crude oil was used in the experiment. Crude oil in the
soil as small as 2 t/ha is capable of affecting crop yield negatively [12].

Also, [13] stated that 2000000 kg of soil in the first 15 cm depth of soil is in one (1)
hectare of land.Therefore, 2000000 kg — 5000 kg; 9 kg — 0.0225 kg = 22.5 g.

Each experimental pot except Control (Ct) and its replicates were polluted with 22.5 g of
crude oil. 22.5 g of crude oil was weighed using a small electronic scale and spilled on the soil;
this process was repeated on all the pots except Control (Ct) and its replicates. They were left
undisturbed for fourteen (14) days before amendment to infiltrate the soil; which reflects what
happens in the oil-spill site.On the fourteenth day after pollution, soil samples were collected
from each pot and taken to the laboratory for analysis. The pots were watered lightly after the
collection of soil samples. On the fifteenth day after pollution, the soil was amended with three
tonnes per hectare (3 t/ha) of each amendment materials.

For, 2000000 kg = 3000 kg; 9 kg = 0.0135 kg=13.5g.

13.5 g NPK per pot in three replicates, 13.5 g of PM per pot in three replicates, same as
limestone, and cow dung, was used except in Control (Ct) and unamended polluted (UP) and
their replicates. Twelve clean sack-bags were used in the application process where each sack-
bag was used for each pot to avoid contamination. A sack-bag was spread on the floor and
emptied a pot of crude oil-polluted soil on it; 13.5 g of the amendment materials were weighed
separately with an electronic scale, application was by spreading method and mixed properly
with a hand trowel before packing it back into the pot. This was done to each treatment pot and
its replicates except Control (Ct) and Unamended Polluted (UP).The eighteen pots were
watered three (3) hours after amendment and were left to incubate for sixty (60) days.
Meanwhile | was watering the pots every four (4) days throughout the incubation period.
However, soil samples were collected from each of the pots on the seventh (7th), twenty first
(21%), thirty fifth (35") and forty ninth (49™) day after amendment, and taken to the laboratory for
analysis.

2.5. Planting

Planting of maize seeds (Oba Il super) was done seventy five days (75) after pollution;
two seeds per pot. Plant parameters measured were percentage emergence, plant height, time
of tasseling, time of silking and yield (t/ha).

2.6. Laboratory analysis

Bulk density was determined using core sample method [14] as modified by Arshad
[15]; the difference between the wet sample and oven-dried weight gave the moisture
percentage by weight. Particle size was determined using mechanical analysis by Bouyoucos
hydrometer method [16]. Soil pH (1:2.5 ratio) in water and KCI was determined using pH-meter.
Exchangeable acidity (AI3+ and H") was extracted as described by [17]. Exchangeable basic
cations were extracted with ammonium acetate; Mg and Ca were measured by ethylene
diaminetetracetic acid titration while K and Na were estimated by flame photometer method.
The organic carbon content of the soil was determined by Walkley and Black digestion method
as modified by Nelson and Sommer [18]. The Cation Exchange Capacity of the soil was
determined by summing up exchangeable bases in cmolkg'1. Total Nitrogen was determined by
macro-kjedahl digestion method as modified by Dahnke and Johnson [19]. Carbon — Nitrogen
ration was determined by dividing percentage organic carbon by total nitrogen. Available
phosphorus was determined using Bray Il method [20]. All the laboratory analysis was done soil
science lab at Federal college of land resource and Technology, Owerri Nigeria.

2.7. Data Analysis

The data were analysed statistically using GenStatDiscoverey Edition 4, and means
were compared using Least Significant Different (LSD) at 0.05 probability level.

3. Results and discussion

3.1. Properties of soil before pollution
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Table 1 shows the physical properties of the soil in Egbema. The soil was loamy sand,
having 87 % sand, 12 % clay and 1 % silt; sandiness of the soil could be attributed to a
combination of influences from parent materials, climate, land use type and land use history
[12].The bulk density was 1.08 g/cm3 which is ideal for plant growth [15]. The percentage
moisture content showed 14 % which is also moderate for top soils [15].

Table 1

Physical properties of soil before pollution

Studied soil SAND, % SILT, % CLAY, % BD, g/cm3 MC, %
Egbema 87.07 1.33 11.60 1.08 13.59
Keys: BD = bulk density, MC = moisture content.

Table 2 shows the chemical properties of the studied soil. The pH was moderately
acidic having a pH value of 5.19 [21]. Exchangeable cations are moderate, having moderate
levels of Ca®*, Mg®*, K* and Na’. C/N ratio was narrow having a value of 4.40; available
Phoshorus was moderate having a value of 10.37 [22].

Table 2

Chemical properties of soil before pollution

Studied | pH | pH | y+a | v | OC | TN ca® Mg K* Na* oN | Av-P
soil (H20) | (KCI) (%) | (%) | (cmol/kg) | (cmol/kg) | (cmol/kg) | (cmol/kg) (ppm)
Egbema 5.19 4.31 0.90 0.17 0.62 0.14 3.23 2.85 0.33 0.43 440 10.37

Keys: Ca = Calcium; Mg = Magnesium; K = Potassium; Na = Sodium; Al = Aluminum; H = Hydrogen; OC = organic
carbon; Av.P = Available Phosphorus; C/N = Carbon and Nitrogen Ratio; TN — total Nitrogen.

3.2. Changes in soil properties after pollution

The soil was coarse across the experimental pots with sand showing a range of 85 % to
87 %, silt showing a range of 2 % to 3 %, and clay showing a range of 11 % to 13 %, although,
the bulk density across the polluted pots are a little bit higher than the control, there was no
significant effect (p<0.05) of crude oil pollution on physical properties of the studied soil (see
Table 3).

Table 3

Physical properties of soil after pollution

SIN TREATMENT SA;L:ID, SIOI/_OT, CLOZ\Y, g?c?ﬁa l\/l/? T.POR;/(O)SITY,
1 NPK 87.07 2.00 10.93 1.36 13.81 48.53
2 CaCOs3 85.07 2.67 12.27 1.18 14.01 55.60
3 CD 85.73 1.67 12.60 1.17 10.79 55.87
4 PM 85.73 2.00 12.27 1.37 12.75 48.20
5 Ct 87.07 1.33 11.60 1.08 13.59 48.53
6 UpP 87.40 1.67 10.93 1.30 13.63 50.93
LSD (0.05) 13.91 1.109 0.839 0.132 3.68 4.26
Sign level NS NS NS NS NS NS

Keys: BD = bulk density; MC = moisture content; T.Porosity = Total porosity; NPK = NPK 20:10:10; CaCOj; = crushed
limestone; CD = cured cow dung; PM = cured poultry manure; Ct = control; UP = unamended polluted; NS = Not
significant.

Table 4, showed a chemical properties of the soil after pollution. pH (H,O) values was
within the range of 5.46 to 3.28, the highest value was recorded in the control (Ct), while the
lowest value was recorded in unamended polluted (UP). This could be that crude oil reduces
soil pH with the formation of toxic acids which is in agreement with [23, 24]. The Percentage
Total Nitrogen in the crude oil-polluted soils were far less than Percentage Total Nitrogen in Ct.
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The polluted soils having their values within 0.04 % to 0.1 %, and the Ct recorded 0.12 % to
0.16 %. Percentage organic carbon obtained from soils after pollution was three (3) times more
than percentage organic carbon in Ct. (Table 4); they recorded within 2 % to 3 %, while Ct,
recorded 0.59 % to 0.67 %. The increase of %OC in the polluted pots was attributed to carbon
from spilled crude oil. Increase of organic matter is directly proportional to the increase of crude
oil addition to the soil [23]. The wide C/N ratios in NPK, CaCO;, CD, PM and UP pots (Table 4)
could have led to immobilization of soil nitrates coupled with the environment brought about by
the crude oil pollution, accounted for low level of Percentage Total Nitrogen (% TN) in NPK,
CaCO,;, CD, PM and UP pots. According to Baruah, highly crude oil polluted soils exhibits more
organic carbon than less crude oil polluted soils [24].The basic cations were relatively low to
moderate across the treatments, with Ct-treatment having higher Ca®" value (3.2 cmolkg'1) than
NPK, CaCQO;3, CD, PM and UP (Table 4); this may be due to average to low nutrient endowment
of the indigenous soil. The available phosphorus (UP) was relatively moderate across the
treatments, however, that of the Ct-treatment recorded high level of P than other treatments,
and this is in consonant with the findings of Rowell [14], who explained that crude oil pollution
reflects an elevated level of soil organic carbon and available phosphorus. There was a
significant effect (p<0.05) of crude oil pollution on pH, percentage organic carbon and basic
cation (Mg).

Table 4

Chemical properties of soil after pollution

SIN 1;722?15[- pHizo | pHkel | Al | H ?C -I;N Ca”* Mg** K* Na" | c/N Av-P
(%) | (%) |(cmol/kg)| (cmol/kg) |(cmol/kg)|(cmol/kg) (ppm)

1 NPK 414 3.97 0.20 0.60 2.82 0.08 2.57 0.86 0.43 044 37.4 10.90
2 CaCO; 4.23 390 047 043 244 0.06 2.87 0.11 0.42 0.39 457 10.23
3 CD 3.99 3.81 0.60 0.27 240 0.06 2.73 0.90 0.45 047 37.7 10.37
4 PM 430 413 043 043 217 0.05 3.03 1.61 0.42 0.37 47.8 10.25
5 Ct 519 431 0.90 0.17 0.62 0.14 3.23 2.85 0.33 043 4.40 10.37
6 upP 349 3.19 047 053 295 0.08 2.57 1.15 0.24 0.33 416 9.10
(g%g) 045 039 032024 050 004 077 059 020 018 204 1.94

Ei\?:l o s % % = NS NS - NS NS * NS

KEY: Ca = Calcium; Mg = Magnesium; K = Potassium; Na = Sodium; Al = Aluminum; H = Hydrogen; OC = organic
carbon; Av.P = Available Phosphorus; C/N = Carbon and Nitrogen Ratio; NPK = NPK 20:10:10; CaCO; = Crushed
limestone; CD = Cured cow dung; PM = Cured poultry manure; Ct = Control; UP = Unamended polluted; NS = Not
significant.

3.3. Influence of treatments (amendments) on crude oil polluted soil

The amendments reduced the hydrocarbon hence, organic carbon in the crude oil
polluted soils (NPK, CaCO;, CD, PM, UP) as shown in (Table 5), where %OC reading was
taken at one week after amendment (1WAA), third week after amendment (3WAA), fifth week
after amendment (5WAA) and seventh week after amendment (7WAA); before planting of
maize crop (Oba Il). At the seventh week after remediation, CaCO; treatment recorded the
least %OC which was approximately 44 % decrease from the level it recorded after pollution
(Table 4 and Table 5); NPK treatment showed 51 % decrease; CD treatment showed 38 % and
PM treatment recorded 32 %. Ct treatment on the other hand showed 1 % decrease in % OC,
while UP showed approximately 7 % decrease. The reduction in %OC seen in UP treatment
could be attributed to natural breakdown of hydrocarbon in a crude oil polluted soil that is not
subjected to further pollution. Therefore crude oil pollution in this study responded positively to
NPK treatment more than CaCO3;, CD and PM in that order. The treatments showed highly
significant difference at 5% probability after one week of amendment (1-WAA) between PM and
Ct; at three weeks after amendment (3-WAA) between PM and Ct; at five weeks after
amendment (5-WAA) between PM and Ct; at seven weeks after amendments (7-WAA) between
PM and Ct. (Table 5).
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Levels of percentage organic carbon in soil after amendment

SN Treatment Organic carbon content (%)
1-WAA (%) | 3-WAA(%) | 5WAA(%) | 7-WAA (%)

1 NPK 1.56 1.44 1.42 1.37

2 CaCOs 1.62 1.44 1.41 1.36

3 CD 2.02 1.60 1.55 1.48

4 PM 1.80 1.60 1.51 1.47

5 Ct 0.63 0.60 0.58 0.62

6 uP 2.89 2.80 2.78 276
LSD (0.05) 0.22 0.33 0.33 0.29
Sign. level o o ** **

KEY: WAA = week after amendment; NPK = NPK 20:10:10; CaCO; = Crushed limestone, CD =Cured Cowdung; PM =
Cured Poultry manure; Ct = Control; UP = untreated polluted; ** = highly significant.

3.4. Response of Maize crop to treatments

Table 6, shows number of emerged maize seeds (Oba Il) across the pots after five days
of planting, which was also 80 days after pollution. There was emergence across the pots,
however, CD and Ct showed complete emergence. There was no significant effect of the
treatments at p<0.05 (Table 6), the total percentage emergence therefore, showed 92% (Table 7).

Table 6
Seed emergenc
Emergence (piece)
Emergence
Treatments | Mean | Total per (%)
per pot treatment
NPK 3.33 10
CaCOs 3.67 11
CD 4.00 12
PM 3.33 10
Ct 4.00 12
upP 3.67 11
LSD (0.05)  1.11" -
Total - 66 92

KEY: NPK = NPK 20:10:10; CaCos; = Crushed
limestone; CD = Cured Cowdung; PM = Cured Poultry
manure; Ct = Control; UP = untreated polluted.

NB: (66 germinated + 72 expected) x 100 = 92 %

Table 7, shows the height of the maize plant
across the treatment pots at 1\WAP, 2WAP
and 3WAP; the first height parameter was
taken seven days after emergence. The
tallest plants were obtained from CaCO;
treated soils with height, 4.3 cm at one week
after planting (1WAP), while Ct-treatment
produced the shortest plants with height,
2.7 cm at 1WAP. At 2WAP, the tallest plants
were obtained from CD treated soils with
height, 10.50 cm, while UP-treatment produ-
ced the shortest plants with height, 8.3 cm.
More so, at 3WAP, the tallest plants were
obtained from Ct treated soils with height,
19.7 cm, while UP-treatment produced the
shortest plants with height, 14 cm. There was
significant difference at 5 % probability at one
week after planting (1WAP) between NPK
and CaCOg; at three weeks after planting
(BWAP) between Ct and UP; there was no

significant difference between treatment means at two weeks after planting (2WAP).

Table 7
Maize height after planting and yield after harvest

SIN Treatment 1WAP (cm) 2WAP (cm) | 3WAP (cm) | Yield (t/ha)

1 NPK 3.10 10.07 19.33 47

2 CaCOs3 4.33 9.67 16.67 24

3 CD 3.87 10.50 19.33 20

4 PM 3.17 9.17 18.50 29

5 Ct 2.67 9.17 19.67 20

6 upP 2.93 8.27 14.00 18
LCD(0.05) 0.86 2.01 2.94 31N
Sign. Level * NS *

KEY: NPK = NPK 20:10:10; CaCos = Crushed limestone; CD = Cured Cowdung; PM = Cured Poultry manure; Ct =
Control; UP = untreated polluted; * = Significant, NS = Not significant.
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Tasseling appeared first on the ninth week after emergence (68 days) after planting.
NPK-treatment showed tasseling in two pots; Ct-treatment showed tasseling in only one pot,
same as CaCOgs-treatment. The rest of the treatments didn’t appear that day. After nine days
however, tassels appeared in all NPK-treatment pots; the rest showed tasseling in two pots
respectively. Tasseling was completed in all the pots on the twelfth day.

Silking first appeared on the eleventh week after emergence, i.e. eighty two weeks after
planting. Ct-treatment showed in one pot, the rest of the treatments did not appear until ninety
days after planting, when it was seen across the treatment pots

Harvest was done on the seventeenth week after emergence, i.e. 125 days after
planting. The sheaths were removed and the maize cobs (cob + grains) were weighed.

The highest yield of 47 t/ha was obtained from NPK-treatment, while UP-treatment on
the other hand gave the lowest yield of 18t/ha, however, the treatment has no significant effect
at 5 % probability on the yield.

3.5. Chemical properties of soil after harvest

Table 8, shows the chemical properties of soil after harvest. pH (water) showed an
increase from the initial value seen after pollution; unamended polluted (UP) also showed an
increase in pH which could be as a result of natural breakdown of crude oil in the soil [25].

Percentage organic carbon decreased drastically across the treatment pots, NPK-
treatment having 27 % decrease from the value after pollution; the CaCOjs-treatment, CD-
treatment, PM-treatment and UP-treatment, having 29 %, 18 %,37 % and 25 % decrease
respectively.

Ct-treatment showed little or no decrease in percentage organic carbon. The C/N ratio
also narrowed significantly across the treatment pots from the wide values they showed after
pollution (Table 4, Table 8). This may have happened due to application of these amendment
materials to the crude oil-polluted soils. However, C/N ratio of Ct-treatment widened a little,
which may be as result of reduced microbial activities in the Ct-treatment pots [26]. There was
significant effect (p<0.05) of amendment seen in percentage organic carbon and C/N ratio); this
shows that the crude oil-polluted soil responded positively to the application of these
amendment materials.

Table 8

Chemical properties of soil after harvest

" P R ;

Treatment (ﬁz'j)) (Egl) AP | H &C) Co | Mo KN on (To/';‘) ('S“;'WF: )
cmol/kg

NPK 511 445 037 053 205 220 206 051 040 1217 018 884

CaCo, 597 510 051 043 173 287 195 027 044 1647 011 897

cD 519 468 040 030 198 191 120 033 042 1118 018 588

PM 559 469 040 033 209 227 248 050 046 1086 019 877

Ct 501 477 060 026 101 341 071 029 026 725 014  9.00

uP 496 444 027 043 222 240 122 022 027 2534 009 747

LSD(0.05) 0.51 0.66 0.4 037 044 0.98 1.04 020 0.21 7.07 0.07 241
Sign. level NS NS NS NS ** NS * * NS * * NS

KEY: Ca = Calcium; Mg = Magnesium; K = Potassium; Na = Sodium; Al = Aluminum; H = Hydrogen; OC = organic
carbon; Av.P = Available Phosphorus; C/N = Carbon and Nitrogen Ratio; NPK = NPK 20:10:10; CaCO3 = Crushed
limestone; CD = Cured cow dung; PM = Cured poultry manure; Ct = Control; UP = Unamended polluted

4. Conclusions

Based on the result of this study, crude oil pollution is capable of altering the chemical
properties of the soil; crude oil pollution increases soil organic carbon. Performance of maize
was also affected negatively as in the yield per hectare in unamended polluted. Reclamation of
crude oil-polluted soil occurs naturally over time though, without further pollution. Inorganic
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fertilizer, mainly, NPK 20:10:10 at 3 t/ha is capable of amending crude oil-polluted soil. Cured
Poultry manure and Cured Cow dung also showed positive response in amending crude oil-
polluted soil, as well as Crushed Limestone. In the performance of maize, NPK 20:10:10
performed better than other amendment materials used in this study; which was revealed in
their growth, flowering and yield.

These amendment materials also improved the chemical properties of the crude oil-
polluted soil; this was glaring in its pH (water), basic cations, organic carbon and C/N ratio after
harvest.

NPK 20:10:10 at 3 t/ha can be used in amending crude oil pollution in so long as there
is no further pollution. When NPK 20:10:10 is not available, perhaps due to its cost, poultry
manure or cow dung can be used, however, it should be given longer time to achieve results.
Finally, pipe line vandalization should be discouraged to avoid crude oil pollution in the
environment, lest food production would be forever threatened in the area, furthermore, pipe
line should be properly maintained to avoid leakages.
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DENCTBUE PA3JINYHbIX NOYBEHHbLIX MEJIMOPAHTOB HA CBOMCTBA NOUYBbI,
3ArPA3HEHHOW CbIPOW HE®TbIO, U PA3BUTUE KYKYPY3bl
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BrnvsHne pasnuyHbIX MOYBEHHbIX MENMOPAHTOB Ha MOYBbl, 3arpsi3HEeHHble Cblpol HedpTbio ©
BbIpallyBaHune Kykypysbl 6bi10 ndyyeHo B B Erbema, wrarta Vimo B Hurepun. SkcnepyrMeHT 6bin 3anoxeH
B COCy4ax MO MOMHOCTbIO PEHAOMMU3NPOBAHHOW CXxeme B Tpex MOoBTOpeHusx. bbinu ncnonb3osaHbl 18
COCyAOoB, B KOTOPbIX MOMeCTUNN no 9 Kr noysbl. 3arpssHeHVe (pa3nueB HedTN) MMUTUPOBaNK, JobaBMB K
noyse B kaxgoMm cocyae 22,5 r (5 T/ra) colpon HedPTK, 3a UCKNIOYEHNEM KOHTPOSLHOIO cocyaa (Hynesoe
3arpsisHeHue). Bcero 6bino 6 BapuaHToB onbita: NPK 20:10:10; uamenbyeHHas wusBectb (CaCOg);
TBepAbI HaBo3 kopos (CD); TBepapbi NTuymn nomet (PM), koTopble BHOCKMM oamHakoso no 13,5 r (3 T/ra)
uckntovasa BapuaHTbl koHTponb (Ct) un HemcnpasneHHoe 3arpsisHeHue (UP). lMpoueHTHoe copepxaHune
opraHu4ecKkoro yrnepoga onpefensnu Tpu pasa nocne menuopauun. B kaxaein cocyq 6binm BbiCaXeHbl
no Aea ceMeHu Kykypysbl (Oba Il). B onbiTe KOHTpONMpoBanu npopacTtaHue, BbICOTY pacTeHui, Bpems
BbIMETbIBaHUSI MeTernkn, das3a BbIMETbIBAHUS NECTUYHbIX CTONOUKOB M ypoxawn. MouBa — cynecyaHas,
YMEPEHHO BbICOKOW MOpUCTOCTUW. paHCOCTaB He NOABEPXKEH BIMSHUIO 3arpsi3HEHUsI CbIpo HedTblo; HO
XMMWYECKMe CBOWCTBA MOYBbI OKasanucb 3aTpOHYTbIMW. [lpoueHTHoe copepxaHue OpraHM4eckoro
yrnepoga nocrne 3arpsis3HeHusi 6b10 BbicokuM, pH cHuanncs, a otHowenne C/N pacwwupunocs. LSD npu 5%
BEPOSTHOCTW, NOKa3arno, YTO 3arps3HeHue Cbipovi HedTblo 3aTparmBaeT COCTaB OCHOBHbLIX KaTMOHOB B
noyse, 0cCOGEHHO MmarHus. Menvopauusi, oOgHaKko, Bbi3Bana CHWKEHWE MPOLEHTHOro cocTaBa
OpraHu4ecKkoro yrriepopa, cyxeHve otHoweHuss C/N n yBenumyeHue CopepXaHusi OCHOBHbIX KaTMOHOB U
pH. XapakTtepucTuka pacTeHWin KyKypy3bl B 3TWX WCCMedOBaHWsAX Mokasana MorioXUTenbHOe BNusHWE
MENMOpaHTOB, MWCMOMNb30BaHHbIX HAa  3arpsi3HEHHON MO4YBE MO CPaBHEHWIO C  KOHTpPOMem W
HemernuopupoBaHHon noyBon. BapmaHT ¢ NPK nokasan 6onee BbICOKWMIA YpOBEHb MENMOPaLUM YeMm
Apyrve BapuaHTbl. Ypoxan 6bin Takum — 47 1/ra gna NPK, 24 1/ra gna n3sectu, 20 T/ra ans HaBo3a, 29
T/ra ana nTuybero nomeTa, 3atem 20 n 18 T/ra ANs KOHTPONS U HEMENVOPUPOBAHHOTO 3arpA3HEHUS.

Knrodesnbie cnoega: s8o3delicmeaue, no4Y8eHHbIU MennuopaHm, 3agpsisHeHUe Cbipol Heghmeio,
Xapakmepucmuka, KyKypy3a.

IRON, ZINC, COPPER AND MANGANESE AVAILABILITY IN FOUR
CONTRASTING HYDROMORPHIC SOILS OF EGBEMA, SOUTH-EASTERN
NIGERIA
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Trace elements are particularly sensitive to surrounding environmental condition which influences their
availability and behavior in the ecosystem. The study assessed the availability of four trace elements (Mn,
Fe, Cu and Zn) in selected wetland soils of Egbema, Imo State, South-Eastern Nigeria. Six composite soil
samples (0-30 cm depth) were collected from the different wetlands (lyiaba, Omanpe Orashi and Agbo).
Soils were generally acidic (5.27-5.64) with low organic carbon (4.4-7.11 g kg ) and CEC (2.71-5. 79
Cmol+kg™). Omanpe wetland soil contained significantly (p<0.05) higher quantity of Fe (43.97 mgkg )
compared to other soils investigated. Also, significantly (p<0.05) higher quantity of Cu (0.56 mgkg™) was
recorded in Orashi wetland compared to other investigated soils.

Keywords: ecosystem, hydromorphic soils, trace element, South-eastern Nigeria
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