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Decomposition and nutrient release pattern of animal
manures biodegraded by fly larvae in Acrisols

Adin Y. Bloukounon-Goubalan, Aliou Saidou, Noél Obognon, Guillaume L. Amadji,
Attanda M. Igué, Victor A. Clottey, and Marc Kenis

Abstract: This study aims to assess the decomposition of manure biodegraded by fly larvae and the nutrient
mineralization rates to understand the efficiency of the biodegraded manures for further use as soil amend-
ment. A litter bag experiment was carried out over 75 d in an Acrisol in Benin using poultry manure, pig
manure, mixture of poultry and sheep manure, mixture of poultry and cow manure, and mixture of poultry
and pig manure, biodegraded by Musca domestica larvae. Nutrients content in the manures during the different
stages of decomposition was analyzed. The mono-component exponential model Y, = Y, x e best described
the manure decomposition and nutrients mineralization. The manures decomposed fast in the soil, and their
nutrients were released fast in the poultry manure, the mixture of poultry and pig manure, and the mixture
of poultry and cow manure. Nutrient mineralization increased in the order of P<N<K or N<P<K.
Biodegradation of animal manures by fly larvae produced high-quality organic fertilizer through fast N and P
release. This could aid in reducing the quantities of these elements applied as mineral fertilizer by farmers for
sustaining agricultural soil productivity.
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Résumé : I’étude devait évaluer la décomposition des fumiers biodégradés par les larves de mouche et la rapidité
de la minéralisation des oligoéléments en vue de mieux comprendre I'utilité de tels amendements pour le sol. Les
auteurs ont réalisé une expérience de 75 jours durant laquelle ils ont utilisé un sac a litiere pour vérifier la
décomposition d’un fumier fait de fiente de volaille, de déjections de porcs, d'un mélange de fiente de volaille et
de déjections d’ovins, d’'un mélange de fiente de volaille et de déjections de bovins ou d'un mélange de fiente de
volaille et de déjections de porc sur un sol ferralitique (Acrisol). Tous ces fumiers avaient été dégradés biologique-
ment par des larves de Musca domestica. Les auteurs ont dosé les oligoéléments dans le fumier aux diverses étapes
de sa décomposition. Le modele exponentiel 2 une composante Y, = Y, x e décrit le mieux la décomposition du
fumier et la minéralisation des nutriments. Le fumier de fiente de volaille, celui de mélange de fiente de volaille
et de déjections de porcs et celui de mélange de fiente de volaille et de déjections de bovins se décomposent et
libérent leurs éléments nutritifs rapidement dans le sol. La minéralisation des nutriments dans le sol augmente
dans’ordre P < N < Kou N < P < K. La biodégradation du fumier par les larves de mouche donne un engrais organ-
ique trés fertilisant en raison de la rapidité avec laquelle le N et le P sont libérés. On pourrait s’en servir pour
diminuer la quantité d’engrais minéraux que les agriculteurs emploient pour augmenter le rendement de leurs
terres. [Traduit par la Rédaction]

Mots-clés : fumier biologique, minéralisation, larves de mouche, fertilité des sols, modélisation.
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Introduction

In sub-Saharan Africa, population-growth-driven land
use intensification has contributed to soil fertility
degradation (Tan et al. 2005). Consequently, nutrient
depletion is widespread in many soils, and nutrient
balances are negative for many cropping systems (Yusuf
et al. 2009). In Benin, due to continuous cropping
without external nutrient input, nutrient budgets are
negative, resulting in soil fertility depletion, especially
in the southern part of the country (Saidou et al. 2003).
The low organic matter content in these soils (Igue et al.
2013) and the exclusive use of inorganic fertilizer in
cotton and maize cropping systems increase the risks of
nitrogen (N) leaching and water pollution. The addition
of organic materials to soil is the suitable solution to
increase soil organic carbon (OC) storage (Powlson et al.
2012), enhance soil water-holding capacity (Pandey and
Shukla 2006), decrease bulk density (Lynch et al. 2005),
and improve soil fertility (Mader et al. 2002). Organic
amendment to soils recycles nutrients and organic
matter to support crop productivity and maintain soil
fertility (Whalen et al. 2001). However, the choice of
material as organic amendments will depend not only
on the trade-offs in its various uses (Erenstein et al. 2015)
but also on its availability and especially its quality.

Several technologies are currently used to improve
organic wastes’ quality. Composting converts the active
organic portion in solid waste into a stabilized product,
which can be used as a nutrient source for plant growth
and (or) as a conditioner to improve soil properties
(Huang et al. 2006). Vermicompost is the microbial
composting of organic wastes through earthworm activ-
ity to form an organic fertilizer that contains high level
of organic matter, OC, total and available N, phosphorus
(P), potassium (K), and micronutrients, microbial and
enzyme activities (Parthasarathi et al. 2008). But, the
large amounts of bulking agents, such as sawdust, litter,
and rice chaff, must be added for composting of amor-
phous materials like pig manure, sewage sludge, or poul-
try dung, which increases the cost of composting and
dilutes the N, P, and K content in organic fertilizers
(Zhang and Mastuto 2011).

The biodegradation of organic waste by fly larvae
including Hermetia illucens and Musca domestica is an
advanced technology that generates a stable bio-product
(Zhang et al. 2014; Wang et al. 2016; Bloukounon-
Goubalan et al. 2017). To appreciate the quality of the
organic manures biodegraded by fly larvae, mineraliza-
tion studies are necessary to be conducted in the same
way as done for compost and vermicompost in the litera-
ture. In fact, the nutrient release dynamics and decom-
position in the soil of manure biodegraded by fly larvae
have not yet been studied in-depth especially on
Acrisols. Knowing the kinetics of the mineralization
process, one could relate the amount of nutrient
released to plant nutrient requirements. It will also be
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used as a tool to integrate current knowledge to quantify
the amount of organic manure to be applied during
fertilization or to predict organic matter dynamics in
the soil to enhance crop production (Saidou et al. 2016).
It is known that easily decomposable material such as
domestic waste, poultry manure, pig manure, and even
human excreta are suitable for biodegradation by
fly larvae (Diener et al. 2011; Bloukounon-Goubalan
et al. 2017).

Many researches have demonstrated that the first
order of mono-component model describes well the
decomposition and nutrients mineralization of the
easily decomposable organic materials (Nourbakhsh
2007; Bokossa et al. 2014; Saidou et al. 2016). In this
model, the logarithm of the average relative mineraliza-
tion rate, k, or rate constant of a substrate considered
as a whole was found to be linearly related to the loga-
rithm of time, t, provided prevailing soil conditions
remained unchanged (Yang and Janssen 2000).

This paper aims to assess the decomposition and
nutrients mineralization rates of the animal manure
biodegraded by fly larvae. Specifically, it aims at
(i) assessing the suitable model of the decomposition
and nutrients mineralization of animal manure bio-
degraded by the house fly, M. domestica larvae; (ii) assess-
ing the kinetics of the decomposition process and
nutrients release pattern of animal manure biodegraded
by M. domestica larvae in an Acrisol.

Material and Methods

Study areas

The trial was carried out in 2016 at the experimental
site of the Faculty of Agronomic Sciences of the
University of Abomey-Calavi located at Sékou (Allada
municipality) in southern Benin. It is located around the
longitude of 002°14'308 E, the latitude of 06°37'484 N,
and at an altitude of 175 m a.s.l. The mean annual
temperature was 28 °C, and the site received about
306 mm rainfall during the period of the experiment.
Figure 1 presented the rainfall distribution during
the year. The soil is classified as Acrisols (United States
Department of Agriculture 1998) from the continental
terminal. The pH (water) was 5.3. That soil is known
to be poor in organic matter (Saidou et al. 2003), and
it require organic amendment for sustainable crop
production.

Biodegradation of the substrates by fly larvae

Five organic manures or mixture of organic manures
were biodegraded by larvae of M. domestica. Organic
substrates were pig manure, poultry manure, mixture
of poultry and cow manure, mixture of poultry and
sheep manure, and then mixture of poultry and pig
manure. The ratio of the manure mixtures was 1:1. In
fact, all of these substrates underwent 12 d of biodegra-
dation, which subdivided into three stages due to the
growth cycle of the flies. Each stage lasted for 4 d at the
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Fig. 1. Rainfall distribution in the study areas in Sékou,
Allada, 2016.
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end of which the fly larvae were harvested. After harvest-
ing the larvae, 1 kg of new fresh organic manure or mix-
ture of organic manure was added to the remaining
organic manure for the second stage of biodegradation.
The same was applied to the remaining manure for the
third stage of biodegradation. The biodegradation pro-
cess occurred in the containers by exposing 3 kg of each
organic manure at 65%-75% moisture content to natural
fly oviposition. Ten hours after natural oviposition, the
containers were covered with a net to obtain larva
cohort of the same generation.

Experimental design and decomposition process of
biodegraded substrates in soil

After the biodegradation, the manures collected were
dried at 65 °C. About 200 g of the dry manures were
placed into 20 cm X 20 cm nylon meshed litter bag
(1 mm mesh size) for the decomposition process in the
soil. The experimental design was a randomized com-
plete block with eight replications. Five bags of each
manure were constituted to process samples at 15, 30,
45, 60, and 75 d of decomposition in the soil. Thus, a total
of 200 nylon mesh bags with manures were buried in the
soil at 15 cm depth and at a spacing of 2 m X 2 m. During
the removal of each bag, the remaining manures were
oven-dried at 65 °C and weighed to determine the
remaining mass. Samples of each initial manure and
the remaining manure were analyzed for their nutrients
content.

Chemical analysis of the manures

The samples were analyzed at the International Crops
Research Institute for the Semi-Arid Tropics laboratory
at Niamey, Niger for OC, total N, total P, total K, total
calcium (Ca), and total magnesium (Mg). Organic carbon
was determined according to Walkley and Black wet
oxidation method. Concentrated H,SO, was added to a
mixture of sample and 1 mol L™* K,Cr,0, solution lead-
ing to oxidation of organic matter. The residual dichro-
mate was titrated against iron sulfate. Furthermore,
after digestion in a mixture of concentrated sulfuric acid
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(H,S0O,), salicylic acid (C;HgO3), hydrogen peroxide
(H05), and selenium as a catalyst by heating to about
330 °C for 3 h, total P was measured by spectrophotom-
etry in ammonium molybdate solution with ascorbic
acid at a wavelength of 660 nm. Determination of total
N was carried out from the same digest by spectropho-
tometry with auto-Analyzer using Bertholet reaction.
From the same digest, K, Ca, and Mg were determined
by atomic absorption spectrophotometry using Perkin—
Elmer model Analyst 400.

Data analysis

Statistical differences in the organic manures
and between decomposition period were performed
using generalized linear model function for the analysis
of variance using the R version 3.0.2 software, and
Student-Newman-Keuls test at @ = 0.05 was used for
mean separation. The first-order equation of mono-
component model with a constant relative mineralization
rate proposed by Henin and Dupuis (1945) was fitted using
eq. 1. Adjusted R*> was used for judging the fit between
models and observations using the most general defini-
tion (Yang 1996; Spiess and Neumeyer 2010). The half-life
values of the manure decomposition and mineralization
were calculated from eq. 2 suggested by Olson (1963).

1)  Y,=Yyxe™

where Y; and Y, are the percentage of weight or nutrient
of substrate, respectively, at time t and 0; k is the relative
mineralization rate. To test the models described above,
the significance of the k and Y, was checked. t, is the
halflife of the manure.

Results

Chemical characteristics of the organic manures

The chemical characteristics of the manures before
and after biodegradation by M. domestica larvae are pre-
sented in Tables 1 and 2, respectively. After the biodegra-
dation by M. domestica larvae, the mixture of poultry and
pig manure and the poultry manure alone had the high-
est OC content (340.2 + 0.6 and 298.4 +0.5 g kg™, respec-
tively). Organic carbon content in the pig manure and
in the mixture of poultry and sheep manure was similar
(p > 0.05) and lower than that in the poultry manure. The
mixture of poultry and cow manure had the lowest OC
content. Nitrogen content in the mixture of poultry and
pig manure and in the poultry manure was significantly
similar (p > 0.05) but higher than that in the other
manures (Table 2). Total P in the biodegraded manures
ranged between 10.3+ 0.0 and 25.3+ 0.0 g kg~ . The poul-
try manure had the highest total P content followed by
the mixture of poultry and pig manure at the end of
the biodegradation process. The biodegraded poultry
manure significantly had the highest K and Ca concen-
tration, whereas the mixture of poultry and sheep had

< Published by NRC Research Press



Can. J. Soil. Sci. Downloaded from www.nrcresearchpress.com by 197.234.221.164 on 03/06/19
For personal useonly.

Bloukounon-Goubalan et al.

63

Table 1. Initial characteristics (mean + standard error) of the substrates subjected to Musca

domestica larvae biodegradation.

Substrate Organic carbon (g kg™) Total nitrogen (g kg™)
Pig manure 295.510.5¢ 221x0.5a
Poultry manure 375.610.8a 22.3%01a
Mixture of poultry and sheep manure 247.5+0.5e 18.2+0.3c
Mixture of poultry and cow manure 274.5+0.5d 15.0+0.1d
Mixture of poultry and pig manure 348.4+1.2b 19.8+0.4b

Note: Means with the same lowercase letter within a column are significantly (p > 0.05)

similar according to Student-Newman-Keuls test.

Table 2. Nutrient content (mean * standard error) in manure biodegraded and used in mineralization trial.

Organic Total Total Total Total Total
Manure biodegraded carbon nitrogen phosphorus potassium calcium magnesium
by fly larvae (gkg™) (gkg™) (gkg™) (gkg™) (gkg™) (gkg™)
Pig manure 205.7£0.9c 16.9+0.4b 10.3+0.0d 6.0+0.4d 0.033 £0.001e 0.067 £0.002d
Poultry manure 298.4+0.5b 18.5+0.3a 25.3%£0.0a 22.6*0.6a 0.316 £0.003a 0.084 +0.002c
Mixture of poultry 204.6 £ 0.4c 10.6 £0.3c 13.7+0.0c 11.5+0.3b 0.228 £ 0.005c¢ 0.583 £0.008a
and sheep manure
Mixture of poultry 152.2+1.7d 8.8+0.3d 10.7+£0.3d 2.5*t0.4e 0.251+0.004b 0.042 +0.001e
and cow manure
Mixture of poultry 340.2+0.6a 18.7+0.2a 18.7+0.2b 9.7%0.2c 0.077 £0.007d 0.133+0.017b

and pig manure

Note: Means with the same lowercase letter within a column are significantly (p > 0.05) similar according to Student—

Newman-Keuls test.

the highest Mg concentration. The lowest Ca and Mg con-
tents were, respectively, recorded in the pig manure and
the mixture of poultry and cow manure at the end of the
biodegradation process.

Decomposition pattern of manures in the soil

The trends of the manure weights remaining in the
bags (Fig. 2) were significantly (p < 0.05) different during
the decomposition periods in the soil and also between
the different types of manure. The weight of the poultry
manure, mixture of poultry and the pig manure, and
mixture of poultry and cow manure decreased faster
than that of the pig manure and the mixture of poultry
and sheep manure. After 15 d in the soil, the weight loss
in the manures was significantly similar (p > 0.05)
according to the Student-Newman-Keuls test. But after
30-45 d in the soil, the weight loss in the poultry manure
was significantly (p < 0.05) different and twice higher
than those of the pig manure, the mixture of poultry
and sheep manure, and the mixture of poultry and cow
manure. The weight loss in the pig manure and in the
mixture of poultry and sheep manure was significantly
similar (p > 0.05) throughout the experiment and aver-
aged at 50% of the initial mass after 75 d in the soil.
Furthermore, after 75 d in the soil, the weight loss in
the poultry manure, the mixture of poultry and pig
manure, the mixture of poultry and cow manure was
79%, 73%, and 66%, respectively (Fig. 2).

Fig. 2. Decomposition pattern of animal manure substrates
previously biodegraded by the fly larvae. Pig, pig manure;
Poultry + Cow, mixture of poultry and cow manure; Poultry +
Sheep, mixture of poultry and sheep manure; Poultry + Pig,
mixture of poultry and pig manure; Poultry, poultry manure.
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Kinetics of the decomposition and mineralization process
of the manures in the soil

The first-order function of mono-component of
manures decomposition and their nutrients mineraliza-
tion trends in the soil are presented in Table 3. The
model indicated that weight and nutrients remaining
in each manure were a function of the initial nutrient
content, the relative decomposition or mineralization
rate, and the time. The adjusted R* value varied between
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Table 3. Exponential functions describing remaining mass and nutrients after decomposition of
manures previously decomposed by fly larvae.

Half-life period g5
Type of manure Parameter Fitted model Adjusted R? in fortnight
Pig manure Mass remaining Yt =102.41e %" 0.98 5.06™*
C =110.68e 207" 0.95 9.00*
N Yt 99.84¢ 0101 0.96 6.86"*
P Y, =99.25e 701" 0.97 3.65**
K Y,=108.22e 2%t (.88 2.42%
Ca Y, =106.39e 0116 0.96 5.97*
Mg Yt 98.42¢02*%* 0.95 2.78***
Poultry manure Mass remaining =104.52e7%%%%" (.92 243"
C Yt 100.57e 0331 0.95 2.09*
N Y, =101.25e%-303¢ 0.96 2.29%
P Y, =102.53e 0112 0.96 6.19**
K Y, =105.71e %437 0.92 1.59*
Ca Y, =105.09e 2% 0.96 5.73*
Mg Y, =105.47e %3¢ 0.95 2.58*
Mixture of poultry Mass remaining Y, =101.42e %125 0.91 5.54**
and sheep manure  C Y, =104.80e %1% 0.92 6.54*
N Y, =101.28e 0037 0.97 18.73**
P Yt 99.57e 0074 0.97 9.36"*
K =107.36e7%2%%" 0,91 2.40%
Ca Yt 99.31e007%* 0.96 877"
Mg Y, =100.21e 0149 0.97 4.65**
Mixture of poultry Mass remaining Y, =106.25e %%  0.91 3.79*
and cow manure C Y, =98.03e 0105 0.93 6.60™
N Y, =90.38e 024" 0.84 2.78*
P Y, = 95.75e 0101 0.93 6.86*
K Y, =102.36e %327 0.98 212"
Ca Y, =99.01e 0054 0.84 12.83*
Mg Y, =105.30e 032 0.93 217
Mixture of poultry Mass remaining  Y,=105,61e %" 0.96 2.92%
and pig manure C Y, = 99.44¢ 0226 0.99 3.07%*
N Yt =92.50e0-26% 0.86 2.58*
P =100.16e%20%* 0.95 3.32%*
K Yt 106.36e7%%72  0.91 2.55"
Ca Y, =104.07e014%" 0.86 4.65*
Mg Y, =96.94e 0137 0.96 5.06***

Note: Y; is mass fraction of the remaining manure or nutrient in a manure at a specific time (t in

fortnight). ***, p < 0.001; **, p < 0.01; *, p < 0.05.

0.84 and 0.99. The decomposition rate of the manures
varied widely and ranged between 12% and 28% fort-
night ™. It increased in the following order: mixture of
poultry and sheep manure < pig manure < mixture of
poultry and cow manure < mixture of poultry and pig
manure < poultry manure. The half-lives of the manures
were 36, 44, 57, 76, and 83 d for the poultry manure,
mixture of poultry and pig manure, mixture of poultry
and cow manure, pig manure, and mixture of poultry
and sheep manure, respectively.

The OC mineralization rate was the highest in the
poultry manure (k = 0.022 d™?) and the lowest in the pig
manure (k= 0.0051 d™%). It was three times higher in the
poultry manure than that recorded in the mixture of
poultry and sheep manure and mixture of poultry and

cow manure and then four times higher than that
recorded in the pig manure. The half-lives of the
manures’ OC were 135, 99, 98, 46, and 31 d in the pig
manure, the mixture of poultry and cow manure, the
mixture of poultry and sheep manure, the mixture of
poultry and pig manure, and then the poultry manure,
respectively. Organic nitrogen mineralized faster in the
poultry manure (k = 0.02 d™') than in the mixture of poul-
try and pig manure (k= 0.018 d™') and in the mixture of
poultry and cow manure (k= 0.017 d~'). The pig manure
and the mixture of poultry and sheep manure recorded
the lowest N mineralization rate, respectively,
k= 0.0067 and k = 0.0027 d~". The half-lives of the organic
N were 281,103, 42, 39, and 34 d in the mixture of poultry
and sheep manure, the pig manure, the mixture of
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poultry and cow manure, the mixture of poultry and pig
manure, and then the poultry manure, respectively.
Moreover, the highest P mineralization rate recorded in
the mixture of poultry and pig manure and in the pig
manure was k =0.014 and k= 0.0127 d™, respectively,
whereas P mineralization rate was the lowest in the
mixture of poultry and sheep manure (k=0.0047 d™})
than that of the mixture of poultry and cow
(k=0.0067 d "), and the poultry (k=0.0073 d™%). The
half-lives of P were 140, 103, 93, 55, and 50 d, respectively,
in the mixture of poultry and sheep manure, the mix-
ture of poultry and cow manure, the poultry manure,
the pig manure, and the mixture of poultry and pig
manure. Furthermore, K mineralization rate in the dif-
ferent manure ranged from 1.9% to 2.9% d™', and the
half-life of the manures’ organic K varied between
24 and 38 d. The highest Ca mineralization rate
(k= 0.0099 d™") was recorded in the mixture of poultry
and pig manure. It was almost similar in the pig manure
(k=0.0077 d"") and the poultry manure (k= 0.0081d™").
Magnesium mineralization was faster in the mixture of
poultry and cow manure (k=0.022 d™%) than that
recorded in the poultry manure, the pig substrate (on
average k=0.017 d7'), the mixture of poultry and sheep
manure, and the mixture of poultry and pig manure
(on average k = 0.0099 d ). In general, nutrient minerali-
zation increased in the order of N <P <K in the pig
manure and that of the mixture of poultry and sheep
and then in the order of P < N < K in the other manures.

Changes in the manures’ nutrient content during
mineralization in the soil

The total amount of nutrients in each of manure
decreased significantly (p < 0.05) during the mineraliza-
tion process in the soil (Fig. 3). The fractions of OC miner-
alized after 30 d of decomposition were significantly
different (p < 0.05) according to manures and were 60%,
39%, 21%, 8%, and 6% in the poultry manure, the mixture
of poultry and pig manure, the mixture of poultry and
cow manure, the mixture of poultry and sheep manure,
and the pig manure, respectively. The poultry manure
and that of the mixture of poultry and pig manure con-
tinued to lose an important fraction of OC throughout
the experiment and mineralized 77% and 66% of the ini-
tial content after 75 d. But, the fractions of OC mineral-
ized in the pig manure, the mixture of poultry and
sheep manure, and the mixture of poultry and cow
manure were 10%, 39%, and 41% of the initial content,
respectively. The amount of nutrients mineralized was
significantly different (p < 0.05) during the decomposi-
tion period in each manure and then between manures
(p < 0.05) throughout the experiment (Fig. 3). Organic
nitrogen was more mineralized in the poultry manure
(81%), the mixture of poultry and pig manure (67%), and
the mixture of poultry and cow manure (67%) than the
remaining manures. Most of the N mineralized (53%) in
the manures occurred before 30 d, whereas during the
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experiment, on average 17% and 38% of the OC were min-
eralized in the mixture of poultry and sheep manure and
the pig manure, respectively. The highest amount of
P released was recorded in the mixture of poultry and
pig manure, and the pig manure (60%) and the lowest
in that of the mixture of poultry and sheep (30%)
manure. Total K was released continuously and similarly
in the manures. At the end of the 75 d in the soil, from
71% to 86% of the K were released. Calcium released
less than the other nutrients. The difference in the
Ca released occurred mainly after 45 d till the end of
the experiment with the lowest released in the mixture
of poultry and pig manure and the highest released in
the mixture of poultry and cow manure. Magnesium
released significantly more (p < 0.05) in the poultry
manure and the mixture of poultry and cow manure
than the others manures.

Discussion

Suitability of the first order of mono-component model
to predict decomposition and mineralization of the
substrates biodegraded by fly larvae

There is no study on the decomposition and minerali-
zation in soil of the animal manure decomposed in
advance by fly larvae. But, several researchers have fitted
mineralization of organic matter with low-recalcitrant
components, such as pig manure (Bokossa et al. 2014;
Saidou et al. 2016), vermicomposted cow manure
(Nourbakhsh 2007), composted manure (N’'Dayegamiye
et al. 1997), and certain leaves litter (Matus and
Rodriguez 1994; Kayuki and Wortmann 2001) by using
the first order of mono-component. In general, the
multi-component models describe well the organic mat-
ter partitioned into several components according to
their resistance to mineralization (Yang 1996). That
model considers the existence of two or more fractions
occurring in the process, a more-stable (lignin and poly-
phenol compounds) and a less-stable form (protein and
soluble components). They were used to describe the
C and N mineralization of maize residues (Lynch et al.
2016) and Eucalyptus marginata leaf litter (Qiu et al. 2012).
The suitability of the first order of mono-component
model to describe mineralization and decomposition of
the substrates biodegraded by fly larvae is due to their
high content in decomposable compounds. In fact, the
biodegradation of initial substrate by fly larvae resulted
in the reduction of C as carbon dioxide form, N as NH4,-N
and NO3-N, and substrate weight reduction (Zhu et al.
2012; Zhu et al. 2015; Wang et al. 2016; Bloukounon-
Goubalan et al. 2017). Nourbakhsh (2007) reported simi-
lar results with vermicomposted cow manure. Thus, the
current substrates biodegraded by fly larvae cannot be
partitioned into several components according to their
resistance to mineralization because their resistant frac-
tion can be negligible. In general, recalcitrant com-
pounds degrade after 5 yr in the fields (Hobbie 2000;
Osono et al. 2008). The experimental period of 75 d was
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Fig. 3. Nutrient’s content changes in the manures during the mineralization in soil. Pig, pig manure; Poultry + Cow, mixture of
poultry and cow manure; Poultry + Sheep, mixture of poultry and sheep manure; Poultry + Pig, mixture of poultry and pig

manure; Poultry, poultry manure.
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very short for observing the manures’ behavior in the
long term. The half-lives of most of the fractions of
manure biodegraded by fly larvae did not exceed 100 d
and indicated that the manures used were easily decom-
posable products.

Decomposition of substrates biodegraded by fly larvae
Poultry manure and the mixture of poultry and pig
manure, which recorded the highest N contents were
rapidly decomposed in the soil. This result point out
the influence of N in the decomposition of organic
material and confirmed that manures with high N con-
tent decomposes more rapidly than that with low N con-
tent. Our results corroborate the finding of Joffre and
Agren (2001) who showed that different N concentra-
tions of a given manures type (high or low C:N ratio)
strongly affect the rate of respiration and net N minerali-
zation, especially in the early stages of the
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decomposition. The lowest decomposition rate of mix-
ture of poultry and sheep substrates was probably due
to the accumulation of recalcitrant components such as
lignin and tannins because the sheep were feeding on
fodder. Furthermore, Singh et al. (2006) reported that
the application of a mixture of high and low C:N ratio
in the manure can modulate the amount of N released,
which can help minimize N loss from ecosystems. This
explains the slow decomposition of the mixture of poul-
try and sheep manure as observed in this study. The low-
est decomposition rate of the pig manure despite its C:N
ratio of 12 indicated that C:N ratio was not a good indica-
tor for appreciating the decomposition in the soil of
manures biodegraded by fly larvae. In addition, the pig
manure could provide higher stable organic matter as
well as humus C than the others. This result confirms a
previous finding, which showed that the biodegradation
of pig manure by fly larvae induced more maturity to
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the substrate than the other substrates (Bloukounon-
Goubalan et al. 2017). This also justify why most of the
previous fly larvae biodegradation studies occurred on
pig manure (Zhang et al. 2012; Zhu et al. 2015; Wang
et al. 2016). The decomposition rate of the poultry
manure was 0.019 d~', which was lower than that found
by Khalil et al. (2005) with common poultry manure
(0.025 d7 ") not decomposed by larvae. In addition, the
decomposition rate of the pig manure was 0.0013 d*
and was lower than that found by Saidou et al. (2016)
with the common pig manure (0.069 d~') not decom-
posed by fly larvae. These results prove that the biodeg-
radation process by fly larvae improves the stability of
the manure. Moreover, the decomposition of organic
manures in soil depends mostly on soil nature, tempera-
ture, and precipitation (Eghball 2000; Keller et al. 2004).
A high moisture content decreases rates of organic
material decomposition, due to low oxygen supplies,
whereas low soil moisture decreases microbial activity
by reducing diffusion of soluble substrates, microbial
mobility, and intracellular water potential (Schj@nning
et al. 2003). Thus, the absence of precipitation during
the first fortnight could explain the low decomposition
of the manures during that period.

Implications of nutrients mineralization of substrates
biodegraded by fly larvae

The fraction of OC mineralized in the poultry manure
was more than 75% at the rate of 0.022 d'. That value
corroborates with those of Khalil et al. (2005) and Flavel
and Murphy (2006) on poultry manure not decomposed
by fly larvae. This result proves that the OC in the poultry
manure was not resistant to the soil microbial degrada-
tion. According to Bernal et al. (2009), any compost in
which more than 30% of OC is mineralized after 70 d is
immature. Based on that, only the pig manure and to a
lesser extent that of the mixture of poultry and sheep,
and the mixture of poultry and cow manure reached
the maturity through the biodegradation process by
M. domestica larvae. The fraction of OC mineralized in
the pig manure was closer to that recorded in some com-
post-based animal manure (De Neve et al. 2003). This
finding proved that the pig manure biodegraded by fly
larvae was an excellent bio-products. The N mineraliza-
tion rates of the manures biodegraded by M. domestica
larvae proved that they can provide the N requirement
for vegetable crops during the growth and development
stage. In addition, the rapid N mineralization rate
observed in the manures showed that their organic N
was easily decomposable. As a matter of fact, it was dem-
onstrated that high weight loss and OC reduction in the
manures during the biodegradation by fly larvae pointed
to the decomposition of the macro-proteins molecule
leading to available inorganic N forms in the soil
(Bloukounon-Goubalan et al. 2017). This is an interesting
result since fast N releases if well managed could reduce
N input as mineral fertilizer by farmers. Also, in
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southern Benin as in most of the agricultural areas in
sub-Saharan Africa, N is the most limiting nutrient
(Saidou et al. 2017) and the most important nutrient for
vegetables and cereal crops. For example, incorporation
of poultry manure biodegraded by M. domestica larvae in
an Acrisol can provide 79% of its N content equivalent
to 15 g N kg ™' of manure applied. Thus, in the short term,
incorporation of these manures will provide the energy
and N for microbial activity, and it will be the source of
nutrients for the crops. Moreover, the rapid mineraliza-
tion of P in pig manure showed that most of the P in
the manure was in the inorganic form, which increased
its availability in the soil after application (Eghball et al.
2002). Pitta et al. (2012) reported that P availability is ben-
eficial to soil and crops because P improves soil micro-
bial activity significantly. In addition, P is less available
in the exchangeable form in the soil and is the most
expensive nutrient. This is also an interesting result
because P being the most expensive nutrient and is also
less available in the soil, the pig manure and the mixture
of poultry and sheep manure biodegraded by fly larvae
can reduce the quantity of mineral fertilizer to be used
as well as the cost of production leading to an increase
in farmers’ income. Furthermore, K is very mobile and
prone to leaching in tropical soils (Bayala et al. 2005). At
the 75 d of decomposition, 70%-85% of K were released
in all manures. This result backs up those of Tian et al.
(1992), Saidou et al. (2016), and Kayuki and Wortmann
(2001). This finding is important for farmers for the
development of good practices such as the fractionation
of manures for better K management. In general,
nutrients mineralization increased in the order of
N <P <K in the pig manure and that of the mixture of
poultry and sheep and then in the order of P<N <K in
the other manures. Thus, organic P was mineralized at
slower rate than organic N in the more stable manure.

Conclusion

The first-order mono-component equation model
with a relative mineralization rate Y, = Y, x e ™ describes
well the decomposition and nutrients mineralization
processes. Manures biodegraded by M. domestica larvae
decomposed rapidly in the soil with a half-life of <1 yr.
Nutrients especially N and K released slowly in the pig
manure and in the mixture of poultry and sheep manure
than the other manures. Biodegradation process by
M. domestica larvae improved the maturity and stability
of the manure. Regarding the results of nutrient miner-
alization kinetics, pig manure can provide plant N, P,
and K requirement within a growing season.
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