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ABSTRACT

This study was conducted to evaluate the chemical quality and fertilizing value of naturally
occurring compost in the City of Daloa landfills. The treatments consist of i) lettuce culture on
unfertilized soil or control, ii) lettuce culture on soil supplied with 250 kg/ha of NPK mineral fertilizer
of formula 12-22-22 and iii) lettuce culture on soil amended with 40 t/ha of compost, laid out in a
Randomized Complete Block Design (RCBD) with three replicates. Results indicate that the
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with great care.

compost used contained significant amounts of N (0.88+0.09 g/kg), P,Os (0.173+0.021 g/kg) and
KO (0.278+0.016 g/kg). This compost also contains, but in small amounts, toxic heavy metals
such as copper (233.183+3.21 mg/kg), lead (113.775+2.55 mg/kg) and zinc (141.783+3.03 mg/kg).
Regarding the crops, the analyzes revealed that lettuce grown in the presence of NPK and
compost absorbed more heavy metals than those grown on the control soil. With NPK, heavy metal
concentrations increased steadily in crops during all the crop cycles when, with compost, these
concentrations remained almost stable between the first and second crop cycles before growing
during the third cycle. It was concluded that fertilization, whether mineral or organic, can promote
heavy metal accumulation in crops. Thus, the fertilization of agricultural soils should be conducted

Keywords: Organic fertilizer; mineral fertilizer; metal trace elements; lettuce; crops; Daloa.

1. INTRODUCTION

In sub-Saharan African countries, the supply of
fresh produce to cities is mainly provided by
urban and peri-urban agriculture actors [1,2].
These growers are increasingly using composts
as alternatives to chemical fertilizers because of
the high costs of these fertilizers. However,
composts, in general, can lead to an
accumulation of heavy metals in the soil and then
in the plant. This risk is much higher with
composts produced naturally in the open air in
municipal dumps with garbage that has not been
sorted [3,4]. Thus, the use of garbage compost
makes it essential to determine its quality before
it is used in agriculture [5]. This quality of
compost is determined by several criteria, the
main ones concerning its maturity, its impurities,
its content of metallic trace elements, pathogenic
micro-organisms, and organic pollutants. Some
physical characteristics (granulometry) and
chemical (pH, C/N ratio, the content of organic
matter, etc.) are very often determined also to
evaluate the quality of the composts. However,
the maturity of the compost, which determines its
degree of stability, remains the most important
characteristic to be taken into account when
testing compost quality [6]. This study is part of
the dynamic to promote the use of composts. It
aims, on the one hand, to determine the quality
of compost produced naturally in the open air in
public landfills and, on the other hand, the effect
of this compost on the absorption of heavy
metals by crops.

2. MATERIALS AND METHODS

2.1 Description of the Study Site

The study was conducted in Daloa located in the
Haut-Sassandra region of Cote d'lvoire (Fig. 1).
The climatic regime of this region is that of the

Guinean domain characterized by an equatorial
and subequatorial regime with two maximum
rainfall. The month of June represents the peak
of the great rainy season and that of September,
the peak of the short rainy season. These two
maxima are separated by one or two months
more or less rainy [7]. According to [8], the forest
landscape of the study area varies progressively
from moist semi-deciduous forest to mesophilic
cleared forest. The relief of the zone is little
contrasted and little varied, dominated by
plateaus of 200 to 400 m of altitude [9]. The
geological formations of the zone are those of
Middle Precambrian mainly dominated by
granites, to which are added some schist and
flysch intrusions. Soils are generally ferralitic
moderately leached or desaturated [10].
However, the soil of the experimental site in the
Tazibouo district of Daloa is sandy soil [11].

Socio-economic activities are quite diversified in
the study area. However, agriculture remains the
primary income generating activity. Agricultural
dynamics in rural areas is based mainly on
perennial cash crops (coffee, cocoa, rubber, oil
palm); in the cities, on the other hand, it is food
crops, especially market gardening, which play a
predominant role.

2.2 Planting Materials

For this study, three basic types of equipment
were used: fertilizer material, plant material, and
technical equipment.

The fertilizer material consists of a garbage
compost naturally formed in the open air in a
public dump in the city of Daloa. As regards plant
material, it is lettuce of the species Lactuca
sativa. It has been used as an indicator of the
risks of heavy metal toxicity by accumulation in
leaves intended for human consumption. Indeed,



Zro et al.; IJPSS, 23(4): 1-8, 2018; Article no.lJPSS.42042

|:| Crops and other vegetation of lowlands
- Water surfaces

|:| Bare soils

- Built-up areas

o ‘@

641

Site of the study

Fig. 1. Location map of the study area

several studies confirm the cumulative nature of
lettuce for heavy metals compared to other
vegetable species grown in market gardening
[12,13,14]. Regarding the technical equipment
used, it consists of several tools, including:

i) A Roberval scale, for the measurement of
the quantities of fertilizers, brought to the
soil;

i) A tape measure for distance measure-
ments on the plot;

iii) A machete, for the cleaning of the plot;

iv) A soil scientist's knife and plastic bags for
the collection and preservation of soil and
compost samples;

v) Statistica 7.0 Software (Statsoft, Tulsa,
USA) for data analysis.

2.3 Field Experiment

The experimental configuration implemented was
a Randomized Complete Block Design (RCBD)
with three replicates [15]. This trial included three
treatments: (i) control or culture of lettuce on
unfertilized soil, (i) growing lettuce on soil
supplied with 250 kg/ha of NPK mineral fertilizer
of formula 12-22-22 and (iii) growing lettuce on a
soil amended with 40 t/ha of compost.

Each block was 16 m long and 4 m wide. The
basic plot was an 8 m? board (4m x 2m). The
plants were transplanted on five lines at the rate

of 0.3 m between the lines and 0.3 m on the line,
ie 6 plants per m? or 60,000 per hectare. An aisle
of one meter in width was observed around each
block and thus around the entire plot. The
transplanting of the plants on the elementary
plots was carried out after a nursery of these
plants which lasted 15 days. Throughout their
development cycle, the plants were watered
daily, morning and evening.

2.4 Data Collection

The data collection was carried out in three
phases: first, the initial conditions of the soil used
were determined in the laboratory by carrying out
on six samples of this soil the laboratory
analyzes summarized in Table 1. For this
purpose, soil sampling was carried out in the soil
layer explored by the roots of lettuce plants set
up (0-40 cm deep), at several locations in the
plot (center, east, west, north, and south). These
samples were air-dried on newsprint for one
week, sieved and stored in plastic bags before
being sent to the laboratory. Then, the fertilizing
properties and the chemical quality of the
compost used were also determined on six
samples of this compost by the same laboratory
tests carried out on the soil. Compost sampling
consisted of taking several samples and
randomly choosing the samples to be analyzed
[19]. These samples were packaged in plastic
bags and kept cool before being sent to the
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Table 1. Synthesis of laboratory analyses performed on samples of compost and soil used

Properties Variables

Methods

Acidity

pH (1: 2.5: Soil : Water)

Glass Electrode pH Meter [16]

Organic matters Carbon (C)

Walkley and Black Method
[16]

Total Nitrogen (N)

CIN

Modified Kjeldahl Method [16]

Phosphorus

Assimilable phosphorus

Modified Olsen method [17]

Exchangeable bases Calcium (Ca”")

Spectrophotometry of Atomic

Magnesium (Mg**)

Absorption Method [16]

Potassium (K")

Sodium (Na*)

Heavy metals Copper (Cu”) Mass spectrometry Method
Lead (Pb*") [18]
Zinc (Zn*")

laboratory. Finally, the chemical quality of the
lettuce produced was determined by measuring
their levels of copper, lead, and zinc, which are
toxic heavy metals. To do this, two lettuce plants
were arbitrarily selected by treatment at the end
of each crop cycle, for a total of 18 plants. The
leaves of these plants were removed and dried in
the open air for a week; preserved in newsprint,
these sheets were transported to the laboratory
where their copper, lead and zinc contents were
determined by the mass spectrometry technique
[18]. All these analyzes were carried out at the
Plants and Soils Analysis Laboratory of the
National Polytechnic Institute Félix Houphouét-
Boigny.

2.5 Data Analysis

The mean values of the chemical parameters of
lettuce obtained were subjected to a one-way
analysis of variance (ANOVA) to compare the
treatments (Effects of fertilization on heavy metal
accumulation in lettuce). Fisher's LSD post hoc
test was performed to form homogeneous
groups. This method was used to compare the
levels of heavy metals assayed in the cultures
resulting from the different cycles of a same
treatment.

3. RESULTS
3.1 Properties of Soil and Compost Used

The results of laboratory tests carried out on soil
and compost of household waste used are
recorded in Table 2. It appears that the soil is
acidic (pH = 5.13+0.93). It contains on average
0.836+0.12% organic matter with 0.486+0.13 and
0.086 + 0.01% organic carbon and total nitrogen,

respectively, resulting in an average C/N of
5.65+1.21. Its phosphorus content is estimated at
0.133+0.008 g.kg'1 whereas exchangeable
bases, namely calcium, magnesium, potassium
and sodium are respectively: 0.219+0.011,
0.212+0.01, 0.038+0.012 and 0.039+0.02
cmol.kg'1. For copper, lead and zinc, which are
the only heavy metals measured, their respective
contents found in the soil are: 13.12+1.23,
6.185+1.01 and 27.147+2.22 mg.kg’. All these
soil properties are different from those of the
compost used very significantly (p <0.001).
Indeed, this compost, with a pH of 7.320.2 is
basic. It contains at least ten and eighteen times
the total amount of nitrogen and organic carbon
or organic matter in the soil. It is almost the same
for the levels of exchangeable minerals,
especially the heavy metals dosed (copper, lead
and zinc) which are, in this order, about
seventeen, eighteen and five times more
abundant in the compost.

Table 2. Properties of soil and compost used

Variables Soil Compost
pH 5.13+0.93  7.320.2

C (%) 0.486+0.13 9.05+1.07

N (%) 0.086+0.01 0.88+0.09
CIN 5.65+1.21  10.28+1.98
Pass (g.kg™") 0.113+0.008 0.173+0.021
Ca® (cmolkg') 0.219+0.011 0.353+0.05
Mg® (cmol.kg”") 0.212+0.01 0.281+0.013
K" (cmol.kg”) ~ 0.038+0.012 0.278+0.016
Na® (cmol.kg’)  0.039+0.02 0.475+0.11
Cu®* (mgkg-')  13.12+1.23 233.183+3.21
Pb* (mg.kg-')  6.185+1.01 113.775+2.55
Zn*" (mg.kg-)  27.147+2.22 141.783%3.03

— Pass: Assimilable phosphorus



3.2 Levels of Heavy Metals Observed in
Crops

The levels of copper, lead and zinc observed in
cultures from one crop cycle to another are
shown in Table 3. Fig. 2 shows the evolution of
these concentrations. It should be noted that
fertilization has accelerated the absorption of
heavy metals by lettuce. In fact, lettuce grown in
the presence of NPK and compost absorbed
more heavy metals than those resulting from the
control treatment. With NPK, heavy metal
concentrations have increased steadily and
significantly (p<0.05) in crops as crop cycles
follow each other. With compost, these
concentrations remained almost stable between
the first and second crop cycles before growing
significantly (p<0.05) in the third cycle. The
control treatment did not affect the rate of heavy
metal uptake by lettuce. In sum, significant
differences emerged between treatments in the
first crop cycle for zinc, in the second cycle for
lead and only in the third cycle for copper.

4. DISCUSSION

The soil that provided the framework for carrying
out this experiment is not very fertile like most of
the sandy soils of Céte d'lvoire [10]. In fact, its
low levels of calcium (0.219+0.011 cmol.kg™),
potassium (0.038+0.012 cmol.kg'1), sodium
(0.039£0.02 cmolkg’) and  phosphorus
(0.113+0.008 g.kg") makes it unfit for crops in
general. These poor properties are explained by
its low clay content (less than 10%) coupled with
its very high sand content (over 80%), which
increases the risk of loss of minerals by the
leaching phenomenon [11]. For optimal
fertilization of such soil, organic fertilizers,
especially compost, seem to be better suited

than mineral fertilizers. But before using
compost, it is recommended to evaluate its
quality [5].

The physicochemical parameters generally used
to evaluate the fertilizing value and the chemical
quality of waste compost have been detailed by
[20]. More than 60% of these parameters were
taken into account in this study. These are,
precisely, the pH and the contents of organic
carbon, total nitrogen, phosphorus, potassium,
sodium, magnesium and heavy metals.

It has been obtained that the pH of 7.3+0.2 of the
compost used is alkaline. This reflects the
maturity of this compost. In fact, composting is
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always accompanied by alkalization so that at
the stage of maturation, the composts are
generally non-acidifying [21]. lts C/N ratio also
reflects the maturity of the compost. In this
respect, a study of composts of green waste,
selectively collected bio-waste and residual
household waste showed that composts
generally reach their most important fertilizing
value when their C/N ratios are comprised
between 11.6 and 16.3 [22]. The one obtained
here, which is equal to 10.28+£1.98, is slightly
weaker than these thresholds. Also, taking into
account the standards used by [20], the
15.57+1,82% of organic matter content in the
compost used, deduced from its estimated
organic carbon content of 9.05+1.07% is slightly
weak in contrast to its total nitrogen content
which is 0.88+0.09%. Indeed, the respective
thresholds of these parameters in urban
composts are at least 20% and 3% at most. The
weaknesses noted here constitute a limit to the
valuation of the compost used. They would be
due to inappropriate conditions in which the
compost was formed, namely, formation in open
places exposed to all kinds of weather, so that
nitrogen can be lost through evaporation or that
organic matter can be washed away by runoff.
Obviously, in this case, it is the loss of organic
matter that has predominated. In addition,
concentrations of copper (233.183+3.21 mg.kg
"), lead (113.775+2.55 mgkg') and zinc
(141.783£3.03 mg.kg'1) found in the compost
used are very high relative to those revealed by
several studies on urban composts [23,24].
However, these concentrations are low in relation
to the critical thresholds in urban composts in
general, which are set at 1000 mg.kg™ for zinc
and 800 mg.kg'1 for copper and lead [20]. These
weaknesses are rather an added value to the
chemical quality of the compost used.

In total, the compost used has a good fertilizing
value and a satisfactory chemical quality. The
properties measured on this compost are all very
different from those of the soil used (p <0.001).
This suggests a sensitivity of this soil to the
effects of compost, including the accumulation of
heavy metals in the soil. In fact, the increase in
the level of heavy metals in the soil is one of the
most frequent undesirable effects that may result
from the application to the soil of compost
produced from unsorted municipal waste [3,4].
This accumulation of heavy metals in the soil has
adverse effects on the growth of crops and
especially on the chemical quality of production
when the plants absorb them very massively
[25].
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Table 3. Results of the comparison of heavy metals levels measured in crops according the different cycles of culture and treatments

Cu”’ (mg.kg-")

Pb** (mg.kg-')

Zn* (mg.kg-')

Control

NPK Compost P-value Control NPK Compost P-value Control NPK Compost P-value
Cycle 1 4,2040,35a 4,32+0,21a 4,13+0,15a 0,78ns 0,01+0a 0,03+0a 0,04+0,01a 0,09ns 10,91%1,17a 11,3241,28a 12,01+£1,12b 0,04~
Cycle 2 4,22+0,31a 4,52+0,33a 4,23+0,25a 0,66ns 0,02+0,009a  0,05+0,01b 0,037+0,01b 0,03* 9,88+1,11a 12,52+2,01b 9,88+1,11a 0,04~
Cycle 3 4,1410,21a 4,84+0,14b 5,44+0,31b 0,02* 0,01+0,02a 0,09+0,01c 0,098+0,02b 0,01** 10,01%1,17a 12,91+£1,11b 15,01+2,17¢c 0,007
P-value 0,39ns 0,04~ 0,03* 0,21ns 0,02 0,03 0,53ns 0,04~ 0,008*
— Means on a same line or column followed by different letters are significantly different at P<0.05;
— **: High significant difference at P<0.05;
— *: Significant difference at P<0.05;
— ns: not significantly different at P<0.05.
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Fig. 2. Evolution of copper, lead and zinc contents in crops according to cycles of culture



In general, it is the variation of soil's pH which is
the factor whose action on the mobility of the
metals is the most decisive: its lowering favors
the mobility of the heavy metals by the
dissolution of the metallic salts, forms of
retention of heavy metals in the soil [26]. Thus,
during the first and second crop cycles, the
inputs of NPK to the acidic soil used (pH =
5.13+0.93) increased its acidity. As a result,
heavy metals have been massively absorbed by
lettuce. Elsewhere, on plots amended with
compost, the organic matter content and the soil
pH were reported. The rise in pH would have
caused the immobilization of heavy metals by the
formation of metal salts, hence the Ilow
concentration of metals observed at the end of
the first and second crop cycles in the crops of
the plots concerned.

On the same plots, repeated inputs of compost to
the soil since the beginning of the agronomic
trials would have resulted, in the third cycle of
cultivation, in the enrichment of soils with heavy
metals, in particular, the mobile forms of these
metals, which are easily accessible to plants.
This is responsible for the increase in heavy
metal concentrations observed in crops at the
end of this cycle. However, the levels of heavy
metals observed in the cultures (copper:
4.6+0.23 mg.kg”, lead: 0.058+0.01 mg.kg™, zinc:
12.3+1.46 mg kg') are far from reaching their
critical thresholds in food products (15 mg.kg™
for copper [27], 0.1 mg.kg'1 for lead and 17
mg.kg'1 for zinc [28]).

5. CONCLUSION

This study led to the fact that the compost used
is mature and therefore contains significant
quantities of organic matter and exchangeable
bases necessary for crop development. In
addition, the low values of heavy metals it
contains are an added value to its quality.
However,a strong growth of heavy metal
levels was observed in harvests at the end
of the third crop cycle after applying successively
three doses of 40 t.ha”' of compost to the
cultivated soil. This raises the risk of
accumulation of heavy metals in the soil and then
in crops due to the regular application of compost
on the soil.
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