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ABSTRACT

Peri-urban agriculture can contribute to food siégwand nutrition in developing countries. However,
due to rising mineral fertilizer prices, farmers timese countries such as Burkina Faso are supptyiag
required nutrients to their fields by adding mupédi solid waste (MSW). This uncontrolled use of tgas
matter that is not treated could pose several msksoil quality. The aim of this study was to ensé the
impact on chemical and microbial soil propertieshd$ nasty, but current practice. The study ingeséd the
chemical and microbial characteristic of soils igiog different quantity of waste for several yeé28, 10 and
7 years). Soils were sampled around the city ofgadaugou (Burkina Faso). Soil chemical (C, N, P ady p
and microbial (basal respiration, microbial biomassl microbial diversity) characteristics were ased. A
comparison between unamended soils and the amemasdrevealed that the MSW increased soil C, N and P
content up to 2 fold. The increase was higher & 28 years old field that received MSW. The micabbi
biomass evaluated by the substrate induced reigpiratethod was significantly higher in soils fardd with
MSW, while the microbial activity determined by Bay soil respiration was not significantly diffeten
between treatments. The catabolic diversity wassmptificantly different. These results suggestiedt the
accumulated organic matter in supplied MSW soilsuliopresent particular properties notably a slight
biodegradability. This study showed that while diemical characteristic was related to differerdargity of
MSW, through different years applied, the microtaativities were not significantly modified. Thefonmal
quantity and quality added were discussed.
© 2010 International Formulae Group. All rights srged.
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INTRODUCTION peri-urban agriculture’ (Drechsel and Kunze,

There is an explosion of interest among 2001). In sub-saharan African cities, the
researchers in the development potential of economic decline will be accompanied by
farming in and around Africa's urban areas, or high population growth by 2020 (Drechsel
what is now widely referred to as ‘urban and and Kunze, 2001). Urban and peri-urban
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agriculture may have a role to play in
addressing urban food insecurity and
unemployment problems, which are bound to
become increasingly important (Mougeot,
2006). The market opportunity associated
with apparent cost-effective way contributed
to increase in the importance of urban
agriculture as a survival strategy. However,
due to rising mineral fertilizer prices it
became difficult for farmers of these
developing countries to supply the required
nutrients to their fields. In addition, urban
farming is fast becoming a tangible way of
responding to the overwhelming problems of
resource scarcity and waste management.
The increasing waste production could
be alternatively an important nutrient source
for plants (Binder and Patzel, 2001) that can
be used to restore the fertility of soils (Furedy
et al.. 1999; Pascual et al., 1999). In Burkina
Faso, the supply of raw waste material on
soils remains a usual practice as it was
efficient particularly for cereal production
according to farmers (Eaton and Hilhorst,
2003). The waste material could be, at the
same time, a cheap supply of nutrients for
farming and an alleviation of the waste
disposal problem in this country. However, as
the solid urban wastes were informally used in
field without pre-treatment, it could lead to
important environmental risks and soll
degradation process (Cointreau, 2006).
Farmers were reported to use a variety
of fertilizing materials, including organic
residues, papers, poultry (Eaton, 2003). The
impact of this specific practice on soll
properties is not formally documented in
Burkina Faso. Little has been published on the
chemical and microbial properties of the
implications of uncontrolled use of MSW. The
implications in the fields vary depending on
the number of years that the farmer uses
wastes. Therefore, our objective was to assess
the effect of duration in the use of
uncontrolled municipal solid waste on soil
chemical parameters and microbial activities.
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To assess soil chemical, organic matter
fractions (total organic carbon, nitrogen and
phosphorous) and pH were measured. Soil
microbial parameter was herein investigated
by measuring microbial biomass C, basal
respiration, N mineralization and microbial
diversity.

The microbial biomass is a reliable
indicator of soil quality between different land
use systems (Powlson et al., 1987; Insam and
Domsch, 1988). Moreover, the ratio of
microbial biomass with soil organic carbon
was measured to evaluate the response of an
ecological system towards a disturbance
(Insam and Haselwandter, 1989; Wardle and
Ghani, 1995). The diversity of
microorganisms is essential to assess soils
services as biogeochemical cycles (Nannipieri
et al., 2003). Degens and Harris (1997)
proposed to measure a catabolic response
profile to define a catabolic diversity for a
given soil.

MATERIALS AND METHODS
Study site

Ouagadougou is in the north sudanian
climatic zone with an annual rainfall average
of 694 mm. The monthly temperatures are
between 22.7 °C and 35 °C (1998 to 2003).
Three sites were selected in the peri-urban
zone of Ouagadougou: Toudbweogo (TW)
(12°25'N; 01°30'W), Polosgo (PG) (12°26'N;
01°29'W) and Ourgou (OG) (12°26'N;
01°32'W). All soils were referred as
petroplinthic leptosol (FAO, 2006).

Farmer’s field sample

After enquiry in each site, fields
annually supplied with solid urban wastes
(MSW) and adjacent fields with no solid
urban wastes supply (control) were identified
and sampled; five MSW plots and five control
plots in TW and PG and four of each one in
OG sites. The use of solid urban wastes as
fertilizers by the farmers at the sampling time
was more than 20 years old (TW), 10 years
old (PG) and 7 years old (OG). The actual
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supplies of solid urban wastes on the sampled
farmer’s fields were not measured. However,
according to a survey on farmers practices, the
quantity of solid urban wastes inputs varied
from 20 t.h& to 50 t.h&d (Kaboré, 2004). This
variability of quantity was explained by the
distance between the fields and the town that
determined the cost of the transport. Since the
TW fields were the closest to the city of
Ouagadougou these fields received large
quantities of solid urban wastes. The waste
spread on soil contained a large range of
materials: organic and inorganic. The organic
materials concerned vegetables wastes from
markets, cooking wastes, ornamental garden
residues and other specific organic matters as
papers and carton. According to Eaton (2003),
the organic matter fraction of the solid wastes
from Ouagadougou town accounted for about
one-third of the total. The non biodegradable
materials (glass, plastics, scrap iron or cans)
were sorted out and discarded. However, a lot
of these non biodegradable materials remained
on soils and it was easy to distinguish the
fields that were amended or not with solid
urban wastes. All sampled fields were cropped
with Sorghum bicoloraccording to the same
tilage practice, without mineral fertilizers
addition.

Soil samples

Soil samples were collected in
November and December 2003 during the
post harvest period. At this time, solid urban
wastes spreading were made between January
and May (dry season). In each plot, ten
samples were taken at 10 cm depth every two
meters along a 20 m transect. The samples
were air dried, sieved at 2 mm and stored at
room temperature. Samples from the same
plot were mixed together to make the
composite sample. These composite samples
were used for chemical and biological
analysis.

Chemical and microbiological soil analysis
Total soil organic carbon (C) and
nitrogen (N) contents were determined by
1112

Walkley and Black (1934) and Kjeldahl
(1883) methods respectively. Total soil P was
measured by acid extraction. Soil texture (5
fractions) was determined by the micropipette
method after digestion of the soil organic
matter by HO,. Soil reactivity was measured
in soil water and KCI extracts. Soil pH was
measured in 1. 2.5 soil® volume ratio
suspensions. All the methods used during the
analysis are described in Pansu and
Gautheyrou (2003).

To assess the microbial biomass, a 4h
incubation test at 28 °C on soil added with
glucose or not was realized. According to the
works of (Anderson and Domsch 1978), the
microbial biomass was linearly linked to the
difference of the C@ released amount
between the soil incubated with glucose and
the soil without glucose. Microbial activity
was evaluated by the measure of,G€eased
and soil mineral nitrogen content during a soil
incubation. Briefly, 300 g of soil was
moistened at a humidity of 75% of the water-
holding capacity (12 mL for 100 g of soil),
shared out into fifteen vials placed in a sealed
vessel (1 I) for 21 days at 28 °C. €0
concentration in vessel was measured by a gas
analyser (Polytron IR CO2, Dragéy every
day during the 7 first days, then after every
two days. After each CQdetermination, the
headspaces were flushed with fresh air. Soil
water contents were controlled regularly by
weighing and were corrected, if necessary, by
adding distilled water. Three replicates were
done for each sample. At the 1st, 3rd, 7tH! 14
and 21st day of incubation, three vials holding
20 g of incubated soil were step out from the 1
| vessel. For N mineral determination, 20 ml
of 1M KCI solution were added to 2 g aliquot
of incubated soil. After 1 hour agitation
followed by filtration, NQ” and NH," contents
were assessed in the filtrate by automatic
colorimeter. The nitrogen mineralization was
assessed only on soils sampled in the TW and
PG sites.

Microbial functional diversity in soil
treatments was assessed by measurement of
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the catabolic respiratory profiles of microbial
communities (Degens and Harris, 1997).
Thirty-three substrates, including a range of
amino acids, carbohydrates, organic acids and
amides were screened for differences in SIR
responsiveness between soil samples.
Substrates were dissolved in 2 ml sterile
distilled water and added to 1 g equivalent dry
weight soil in 10 ml bottles. After substrate
addition to soil samples, bottles were
immediately closed and kept at 28 °C. £O
fluxes (4 h) from soils were assessed using an
infrared gas analyser (IRGA) (Polytron IR
CO,, Dragef]).

Statistical analysis

ANOVA were performed to test the
mean equality hypothesis between MSW
factor (soils with or without solid urban
wastes supplies). Site and interaction (MSW x
site) factors were also considered in this
analysis. The catabolic diversity was
evaluated by the richness and evenness
indexes according to Degens and Harris
(1997). The richness was the number of
metabolised substrates by soil microbial
community. The evenness was the variability
in substrate use. The catabolic evenness (E)
was calculated as E =32 where p is
summed for all substrates ang p/Zr; [r; is
the response of each substrate as a proportion
of total respiration responses summed over all
substrates3;)]. All analysis were performed
with XLSTAT (ADDINSOFT®).

RESULTS

Soil organic carbon content, as soil
total nitrogen content, was significantly higher
in the amended soils with MSW than those of
the no amended ones (Table 1). This positive
effect of the urban waste was variable
according to the site studied. SOC increased
by 83%, 34% and 18% on TW, PG and OG
sites respectively. The total soil nitrogen
content increment was 53%, 39% and 22% for
sites TW, PG and OG respectively. The waste
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spreading did not affect soils C:N ratio (Table
1). No significant difference was observed
between soils of the MSW and control plots
for total phosphorus content. The pH-water
and pH-KCl were significantly higher on
amended soils compared to the control plots
(Table 1). On all the sites, pH was higher on
soils amended with wastes.

The substrate induced respiration was
significantly higher (+38%) in the soils with
MSW compared to the control soils (Table 2).
The cumulative CQreleased after 21 days of
soil incubation (21d released @Owas not
significantly different between MSW and
control soils for all sites. The 21d released
CO,: Carbon ratio was significantly higher in
the control soils (Table 2). At the incubation
onset, soil nitrate content and total mineral
nitrogen was significantly higher (p<0.001) in
MSW plots (Figure 1). No difference occurred
between MSW and control soils for soil
ammonium content. During incubation (21
days), nitrates content in soil increased
(Figure 1) while ammonium content trended
to decrease. After 21 days of incubation,
incubated soils showed mineral nitrogen net
increase (N-NE + N-NO;) whatever soil
treatments (MSW or control). However, net
nitrate production and net N mineralization
from day O to day 21 did not differ
significantly between MSW soils and the
control (Figure 2). Catabolic diversity (Table
3) estimated by richness index was not
significantly different (p = 0.341) between
MSW amended soils (27 £ 1) or not (27.9
1.4). For evenness index, no difference was
also noticed (14.07 = 0.61 for soil + MSW and
13.04 + 1.26 for soil only). Except for malic
and formic acids, catabolic responses to the
carboxylic acids were significantly higher in
MSW soils than those which were measured
on control soils (Figure 3). Significant
differences were also observed for three
amino acids: serine, glucosamine and
glutamic acid.
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Table 1: Chemical properties (mean + standard error) ofssfvom farmers fields with MSW
(+MSW) or not (control) in three sites in peri-unb@rea of Ouagadougou, Burkina Faso.

_ msw  carbon - Niogen oo, PhOsphorus o 5 pHKe
Site inputs (mg.g") (mg.g") (Mg.g7)
mean SE mean SE mean SE mean SE mean SE mean SE
T™W +MSW 8.10 +0.670.55 +0.0514.9 +0.6293 +64 7.31 +0.266.71 +0.28
Control 4.42 +0.400.26 +0.0217.2 +1.3134 +14 6.59 +0.215.70 0.26
PG +MSW 9.22 +1.380.49 +0.0619.0 +2.0248 +36 7.51 +0.026.99 +0.05
Control 5.92 +0.600.30 +0.0521.8 +4.3197 22 6.59 +0.325.82 +0.34
oG +MSW 5.20 +0.730.37 +0.0514.2 +1.0183 #33 6.90 +0.256.19 +0.25
Control 425 20.290.29 0.0314.7 05204 #30 6.10 +0.095.04 =*0.12
ANOVA
Site effect 0.009 0.286 0.042 0.758 0.064 0.017
MSW effect 0.001 <0.001 0.317 0.060 <0.001 <0.001
Interaction
SitexMSW 0.234 0.11 0.868 0.089 0.902 0.936

ANOVA : probability of the null hypothesis of eqitgilof the mean. Toudbweogo (TW), Polosgo (PGurddu (OG).

Table 2: Microbial properties (mean * standard error) oflsserom farmers fields with MSW
(+MSW) or not (control) in three sites in peri-unb@rea of Ouagadougou, Burkina Faso.

21d-co?' 21d-CO2:C SIR™
Site  MSW inputs (ugC-CO,g') (mgC-CO,.g'C)  (ugC-CO,.g'.h?
mean se mean se mean se
TW  +MSW 103 14 13.2 2.2 0.89 0.23
Control 97 7 23.2 3.7 0.43 0.14
PG  +MSW 124 9 14.5 2.2 0.72 0.07
Control 114 7 20.1 2.6 0.56 0.17
OG +MSW 99 8 20.9 5.0 0.89 0.22
Control 95 14 20.6 2.3 0.57 0.18
Anova
Site effect 0.051 0.397 0.923
MSW effect 0.322 0.024 0.040
Interaction SitexMSW 0.972 0.293 0.640

T Released CO2 during a 2ildrszubation; T1 Substrate induced respiration
ANOVA : probability of the null hypothesid equality of the mean.
Toudbweogo (TW), Polosgo (PG), Ourgou (OG).
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Table 3: Diversity indices (mean + standard error) of thtabalic responses of MSW and control
soils to 33 simple organic matters added.

Site MSW inputs Richness Evenness
T™W +MSW 29+1 14.13+1.15
Control 26+2.4 10.46+0.70
PG +MSW 29.4+2.6 12.71+0.34
Control 26.6+2.6 11.1242.06
oG +MSW 31+0.7 15.69+1.27
Control 3240 18.68+1.13
ANOVA
Site effect 0.137 0.001
MSW effect 0.341 0.463
Interaction effect SitexMSW 0.568 0.047

ANOVA : probability of the null hypothesis of eqitsilof the mean. Toudbweogo (TW), Polosgo (PG),dour(OG).
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*** probability of the null hypothesis of mean edity between soils with MSW and control.
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DISCUSSION
Soil chemical properties

Solid urban wastes in developing

countries  were  particularly rich in
biodegradable matter (Cointreau, 2006).
According to the studies of waste

management in Ouagadougou (Eaton, 2003),
the average contents of nitrogen, phosphorus
and organic carbon on solid urban wastes
were respectively of 0.29%, 0.16% and 5% of
organic carbon. With a range of inputs
between 20 and 50 Mg.hathe amount of
carbon, nitrogen and phosphorus input on the
study fields could be estimated respectively
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around 58 to 145 kg.Heof nitrogen, 38 to 80
kg.ha® of phosphorus, and 1 to 2.5 Mg'haf
carbon. These potential nutrients supply could
cover the needs for a sorghum grain yield at 2
Mg.ha' which was a significant production in
the pedo-climatic context of Burkina Faso
(Stoorvogel and Smaling, 1990).

The large increase of soil organic
carbon could be attributed to the addition of
urban wastes to fertilize soils. Similar results
were reported in European countries (Garcia
et al.,, 1994; Pascual et al., 1999). However,
these increases in SOM remain lower than
those obtained in long term municipal waste
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disposal soils in Nigeria (700%) (Anikwe and
Nwobodo, 2002). In long term experiments of
cropping systems in similar soils (80 km from
Ouagadougou), the maximum SOC contents
(0-10 cm depth) was 7.2 mg.gthat was
measured on plots which received 10 to 12
MgC.ha'y™* of manure for 42 years (Hien,
2004; Mando et al., 2005). Although we have
not measured the actual amount of wastes
supplied on the sampled fields, the maximum
carbon input by the solid urban wastes inputs
could be estimated at 2.5 MgChg'
according to the different studies on wastes
management in Ouagadougou (Eaton, 2003).
Despite this relative lower amount of carbon
supply, the soil carbon content measured on
peri-urban soils was equivalent to the carbon
content measured on the high manure inputs
plots of the long term experiments. One
explanation would be that the organic carbon
incorporated by the urban wastes was slightly
biodegradable that contributed to the storage
of carbon on the topsoil of MSW plots.

The results of N mineralization were
recorded as an increase in the concentration of
N-NO3- and decrease in NH4+. This might be
due to slight alkaline pH and dissolved
oxygen, released as a result of GaO
degradation that favored the high activity of
nitrifying bacteria, which resulted in the
formation of nitrate (Sinha and Annchhatre,
2007) The increase of the soil pH is in
accordance with the result. Consequently, the
MSW plots could play the role of liming
because of its capacity to supply high
quantities of Ca, Mg and K (Pasquini and
Alexander, 2004).

PG control contained the higher C/N
ratio (21.8). The direction of N-
immobilisation or -mineralization appears to
be dependent not only on the rate of supply of
C, but also the elemental ratio of supply in
relation to optimized microbial needs for cell
growth and maintenance. From this
perspective, some works reported as a cell
physiological response to a shortage of
available C relative to N, reflected in the low
C/N ratio (<14). The net-N-immobilisation
appears to be an inherent physiological
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response to higher initial C/N ratios (>19) of
soil. The threshold of N limitation was
discussed by several authors (Recous et al.,
1995; Nicolardot et al., 2001; Qiu et al.,
2008).

Soil microbial properties

The difference of CO2 released during
4 h between an incubated soil with and
without added glucose could be use as an
indicator of the microbial biomass (Anderson
and Domsch, 1978). The comparison of this
indicator would indicate that the microbial
biomass was significantly higher (+38%) in
MSW plots compared to the control plots.

The soil respiration to organic carbon
ratio, as the net N mineralisation, are related
to the amount of available organic carbon for
microbial activity (Nannipieri et al., 1990;
Gabrielle et al., 2004). No difference of these
microbial activity indexes between the MSW
and control plots indicated that the organic
matter accumulated in these soils would be
hardly biodegradable. To assess this
statement, it would be relevant to measure the
proportion of non organic carbon in the soil
(Lorenz et al., 2006).

In the present study, despite a higher
potential microbial biomass in MSW soils, the
CO;, released during the 21days incubation of
these soils was not different from the control
soils. This indicated that the microbial
biomass of the MSW soils would be
characterized by a lower requirement in
energy of maintenance (Anderson and
Domsch, 1990), and a lower microbial
efficiency in organic resources used (Wardle
and Ghani, 1995).

The microbial community in the soils
with or without solid urban wastes addition
have globally all the catabolic functions for
immediately degrading all tested substrates. It
was expected that microbial catabolic
diversity increased with the amount of soil
organic matter accumulate by MSW soils at
the sampling date (Degens et al., 2000;
Nsabimana et al., 2004). In our case, the no
difference of the catabolic diversity between
MSW soils and the control soils. This could
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be relative to the quality of the soil organic

matter accumulated with the solid urban
wastes inputs practices. If the organic matter
was not readily biodegradable, consequently
the microbial diversity could not be radically

changed. However, MSW soils presented a
higher catabolic response in presence of
carboxylic acids substrates. As it was reported
by Degens (1999), change in catabolic
response profiles might be attributable as
much to changes in soils properties that
influenced the functional state of organisms as
to changes in species composition. The
municipal solid wastes inputs modified the

environmental conditions as the soil organic
matter quality or the decrease of soil acidity
that could emphasize the activity of some soils
microorganisms.

Conclusion

The chemical analysis of soils fertilized
with untreated solid urban wastes showed a
high accumulation of soil organic matter.
However, according to relative low carbon
input by the wastes supplies, and to the
analysis of the microbial activity, this organic
matter would present particular properties
notably a slight biodegradability. The
biochemical properties of the organic matter
contained in solid urban wastes have to be
characterised to specify their link to the
microbial diversity structure and functioning
of the amended soils. Outside the eco-
toxicological aspects that have to be assessed,
the future works concern the improvement of
the solid urban wastes recycling in agriculture
to fulfil both the increasing food demand and
the urban wastes management in African
countries.
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