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ABSTRACT ARTICLE HISTORY

Fly larvae are increasingly being promoted as animal feed and their Received 28 April 2018
production on agro-processing by-products generates a high amount Accepted 16 January 2019
of residues. Understanding the decomposition and nutrients release KEYWORDS

pattgrn in the soil of these re§|dues is of |m.portance to e\{aluate their Organic residue; modelling;
quality as soil amendment. A litter bag experiment was carried out over mineralization pattern; soil
75 days in southern Benin with corn bran, a mixture of soybean bran and fertility; southern Benin
corn bran and a mixture of soybean bran and corn hull, all biodegraded

in advance by larvae of Musca domestica and Hermetia illucens. Bags with

200 g dry matter of each residue were buried in the soil. The first order

equation of mono-component model Y, = Yoxe ¥ was suitable and

described well the decomposition and mineralization pattern of the

residues. The residues decomposed quickly and released nutrients read-

ily into the soil. The mass remaining at the end of the decomposition

process ranged between 38% and 42% of the initial weight. The half-life

of the organic carbon in the residues ranged between 50 and 58 days.

Organic nitrogen mineralized fast, with rates ranging between 0.007 and

0.011 day™". These organic residues can be used as soil amendments to

improve crop productivity in an Acrisol.

Introduction

The supply of organic residues to soils is recognized as a sustainable strategy for soil fertility
replenishment in Sub-Saharan Africa. Organic residues provide carbon as energy source for soil
microorganisms, increase microbial activity and play an important role due to their short-term
effect on nutrient supply to crops (Palm et al. 2001). Wastes from a number of food industry
sources are potentially valuable resources in agriculture, both for nutrient supply and for replenish-
ing soil organic matter (De Neve et al. 2003). In Benin, many agro-processing by-products are
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created at the household level and also by women’s groups. These include residues such as
soybean bran, corn bran and sorghum bran, which are often thrown away. These wastes contain
high concentrations of nitrogen, cellulose, hemicellulose, and lignin (Rose et al. 2010) and, thus,
could be used as soil amendment. However, these residues must first be transformed to obtain
mature and stabilized organic matter.

Fly larvae, mainly house fly (Musca domestica L.) and black soldier fly (Hermetia illucens (L.)) are
increasingly being promoted as protein sources for poultry and fish feed, both at farm level and for
industrial protein production (Kenis et al. 2014; Pastor et al. 2015; Pomalégni et al. 2017). In Benin,
around 4-6% of the farmers produce house fly larvae by exposing various animal and plant wastes
to naturally occurring house flies (Bloukounon-Goubalan et al. 2017; Pomalégni et al. 2017). The
production of fly larvae generates a high amount of residues that should be re-used in agriculture
for increasing the profitability of the system (Kenis et al. 2018). Fly larvae easily degrade organic
material of different origins such as domestic waste, poultry, pig, and cow manure and even human
excreta leading to a more stable and mature bio-product (Diener et al. 2011; Banks et al. 2014;
Wang et al. 2016). The biodegradation of the agro-processing by-products by the fly larvae results
in some physical and chemical changes leading to mature enough bio-products (Bloukounon-
Goubalan et al. 2019). Nonetheless, a better knowledge of the decomposition and nutrients
mineralization dynamics of the agro-processing by-products biodegraded by fly larvae is essential
to assess the potential of these residues for soil fertility restoration. For instance, the rate of
nitrogen mineralization of organic materials in soil depends on their chemical composition, the
origin and transformation of the organic materials, the method of composting and also the soil
environmental conditions (Antil et al. 2011).

Numerous researches had been carried out on the decomposition and nutrients release pattern of
compost and vermicompost from different sources of organic residues (Cambardella et al. 2003; De
Neve et al. 2003; Griffin and Hutchinson 2013). However, little information on the decomposition and
nutrients’ mineralization of the organic residues biodegraded by fly larvae is available. Also, no study
has been carried out yet on the nutrient release pattern of agro-processing by-products biodegraded
by fly larvae in an Acrisol in sub-Saharan Africa. Knowing the kinetics of the mineralization process
will allow quantifying the amount of organic manure to be supplied or to predict organic matter
dynamics in the soil in order to enhance crop production (Saidou et al. 2016).

This paper aims to assess the decomposition and the mineralization rates of agro-processing by-
products biodegraded by fly larvae under field conditions. Specifically, it aims at i) assessing the
suitable model for decomposition and nutrients mineralization of agro-processing by-products
biodegraded by the fly larvae; ii) assessing the kinetics of the decomposition process and nutrients
release pattern of these by-products in an Acrisol.

Material and methods
Study areas

The experiment was carried out at the experimental site of the Faculty of Agronomic Sciences of
the University of Abomey-Calavi, located at Sékou, district of Allada, southern Benin from August to
October 2017. The study area is located on longitude 002°14'308 E and latitude 06°37'484 N at an
altitude of 175 m above sea level. The site received 306 mm rainfall during the period of the
experiment. Monthly maximum temperatures ranged between 28 °C and 30 °C. Figure 1 presents
the rainfall distribution during 2017. The soil is classified as Acrisol (FAO (Food and Agriculture
Organization of the United Nations) 2006).
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Figure 1. Rainfall distribution in the study area in 2017. Bars represent the total rainfall of the month.

Biodegradation of the substrates by fly larvae

The agro-processing by-products biodegraded by fly larvae used for the experiment were corn
bran; a mixture of soybean bran and corn bran (1:1 ratio) and a mixture of soybean bran and corn
hull (8:2 ratio). The biodegradation process was performed by Musca domestica larvae during the
first 12 days and by Hermetia illucens larvae from day 5 to 30. In fact, due the growth cycle of the
flies, the biodegradation process was subdivided into four stages. During the first stage, a quantity
of 3 kg of each type of substrate (65% to 75% moisture content) was weighed in a plastic container
and placed in an aerated shed for oviposition by naturally occurring adults of M. domestica and
H. illucens. After four days of biodegradation by the M. domestica, the larvae were removed from
the substrate with a sieve in order to avoid pupation. The remaining residue in each container was
replenished with 1 kg of additional fresh substrate for the second stage of a four-day biodegrada-
tion process and this was repeated for a third stage. Hermetia illucens larvae, which grow much
slower than M. domestica, appeared in the substrates on day 4. Thus, when sieving
the M. domestica larvae, the H. illucens larvae are left in the substrate. At the end of the third
stage, the substrates were left solely to Hermetia illucens for the final biodegradation until day 30,
when the cycle was completed (Myers et al. 2008). Nutrients dynamic in the substrates during the
biodegradation process are presented in Table 1.

Table 1. Nutrient dynamics in the substrates during the biodegradation by fly larvae.

Nutrients Substrates Day 1 Day 4 Day 12 Day 30
Carbon (g kg™") Mixture of soybean bran and corn hull 5484+ 16 5460 £1.2 5343 +0.2 497355
Corn bran 5524 £18 545322 566.1 +£03 557 £ 43
Mixture of soybean bran and corn bran 5485+ 0.3 5445+ 04 5485+29 5259+13
Nitrogen (g kg™')  Mixture of soybean bran and corn hull 738 £ 0.9 653 + 1.0 643 + 1.5 61.8 + 0.0
Corn bran 721 £ 1.0 63.5 £ 1.0 66.5 £ 0.9 619 £ 0.1
Mixture of soybean bran and corn bran 71.6 £ 0.6 63.4 + 0.1 61.9 £ 1.3 60.8 + 0.1
NH,N (g kg™ Mixture of soybean bran and corn hull 127 £ 04 79 £ 05 6.0 + 0.0 46 £0.1
Corn bran 129 + 0.9 6.2 £ 0.0 133+ 0.1 103 +£ 0.2
Mixture of soybean bran and corn bran 16.4 £ 0.9 10.5 £ 0.8 10.8 £ 0.6 9.2 +0.7
NO;-N (g kg™") Mixture of soybean bran and corn hull 46 +0.2 32 +0.1 1.7+03 16 £ 0.1
Corn bran 6.5+ 0.2 3.8 £0.1 20+ 0.3 51+0.2

Mixture of soybean bran and corn bran 49 £ 0.1 34+02 15+0.2 51+0.1
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Experimental design and decomposition process in the soil

The residues collected at the end of the 30 days of biodegradation were dried at 65 °C. Two
hundred g of the dry residues were placed into a 20 x 20 cm nylon meshed litter bag (1 mm mesh
size) for the decomposition process in the soil. The experimental design was a randomized
complete block with eight replications. Five bags of each residue for a replicate were constituted
in order to process a removal samples at 15, 30, 45, 60 and 75 days of decomposition in the soil,
leading to 120 nylon-meshed bags with residues buried in the soil at 15 ¢cm depth and
2 m between replicates and blocks. At each sampling date, the remaining residue in a sampled
bag is oven dried at 65 °C and weighed to determine the remaining mass after decomposition in
the soil. Samples of experimental soil, each initial residue and the remaining residue at each
sampling date were analyzed for their nutrients content.

Chemical analyses of the residues and experimental soil

The samples of residues were analyzed at the International Crops Research Institute for the Semi-
Arid Tropics (ICRISAT) laboratory at Niamey, Niger for organic carbon, total nitrogen, total phos-
phorus, total potassium, total calcium, and total magnesium. Then, during the biodegradation by
fly larvae, the substrates were sampled and analyzed for organic carbon, total and mineral nitrogen.
Experimental soil was sampled before trial and analyzed at the Laboratory of soil science Water and
Environment of National Institute of Agriculture Researches of Benin for organic carbon, available
phosphorus, exchangeable bases, and cation exchangeable capacity (CEC).

Organic carbon was determined according to Walkley and Black wet oxidation method.
Concentrated H,50, was added to a mixture of sample and 1 N K,Cr,0, solution leading to
oxidation of organic matter. The residual dichromate was titrated against iron sulfate. Then, after
digestion in a mixture of concentrated sulfuric acid (H,SO,), salicylic acid (C;HgOs), hydrogen
peroxide (H,0,) and selenium as a catalyst by heating to about 330 °C for 3 hrs, total P was
measured by spectrophotometry in ammonium molybdate solution with ascorbic acid at
a wavelength of 660 nm. Available phosphorus was measured by Bray 1 method. Determination
of total N was carried out from the same digest by spectrophotometry with auto-Analyzer using
Berthelot reaction; ammoniac (N-NH,*) and nitrate (N-NO3") in the substrates during the biode-
gradation by fly larvae in 0.01 M CaCl, method. From the same digest, K, Ca and Mg were
determined by atomic absorption spectrophotometry using Perkin-ElImer model Analyst 400.
Then, after extraction by T N ammonium acetate at pH 7 method, exchangeable potassium was
determined by a flame photometer, and CEC by colorimetry by the determination of NH4-N in the
KCI extract.

Data analysis

Statistical differences in substrates and between decomposition period were determined using the
linear model function of an analysis of variance in R 3.0.2 software and a Student Newman-Keuls
test at a = 0.05. Several models (linear, parametric and exponential) were tested for the best R%. The
first order equation of mono-component model with a constant mineralization rate proposed by
Henin and Dupuis (1945) provided the best R? and was fitted using Equation 1. Adjusted R? was
used for judging the fit between model and observation using the most general definition
(Anderson-Sprecher 1994; Yang 1996; Spiess and Neumeyer 2010). The half-life values of the
residue decomposition and mineralization were calculated from Equation 2 suggested by Olson
(1963).

Ye=Yo'e M M
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where Y, is the percentage of weight or nutrient remaining in the residues, respectively, at time
t and 0, k is the mineralization rate. For testing the models described above, the significance of
k and Yo was checked.

Results
Chemical characteristics of experimental soil and residues

Soil was slightly acidic, low in organic matter content and low in total nitrogen. It was also deficient
in available phosphorus and exchangeable bases with low cation exchangeable capacity (Table 2).
This soil requires organic amendment for sustaining crop production. The corn bran residue had
the highest concentration of organic carbon and the highest C:N ratio (Table 1). The residue from
the mixture of soybean bran and corn hull had the highest levels in P, K, Ca and Mg (Table 3).

Decomposition pattern of the different residues in the soil

The Residues’ decomposition differed significantly (p < 0.05, Figure 2). After 15 days in the soil, the
weight loss in the residues was similar (p > 0.05) according to the Student Newman-Keuls test. But
after 30 till 45 days in the soil, the weight loss in the residues was significantly different (p < 0.05)
and was on average two times higher in the residue from corn bran and the mixture of soybean
bran and corn bran than the loss in the mixture of soybean bran and corn hull. The total weight
loss during the entire decomposition period was highest in the residue from corn bran and the
mixture of soybean bran and corn hull and lowest in the residue from the mixture of soybean bran
and corn bran. The maximum amount of weight loss was recorded between day 15 and day 30 in
the residue from corn bran and the mixture of soybean bran and corn bran and between day 45
and day 60 in the residue from the mixture of soybean bran and corn hull.

Table 2. Average values of soil chemical properties before starting the

experiment.
Soil characteristics Means + standard errors
pH (water) 6.1 £ 0.6
pH (KCl) 44 +0.1
Organic matter (g kg™ 143 £ 0.2
Total nitrogen (g kg™") 0.9 + 0.0
Available phosphorus (mg kg‘1) 96 + 1.0
Exchangeable K (cmol kg™") 0.1 +0.0
Exchangeable Ca (cmol kg™") 1.5 + 0.0
Exchangeable Mg (cmol kg™") 0.7 £ 0.0
CEC (cmol kg™") 6.8 + 0.1

Table 3. Chemical concentration in the different types of residues after biodegradation and before starting the experiment.

Concentration of Agro-processing by-products (g kg™

Mixture of soybean bran Mixture of soybean bran
Chemical elements and corn hull Corn bran and corn bran
P 13.0 £ 0.1a 53 £ 0.1c 74 +03b
K 36.9 + 0.4a 26+ 0.1c 14 + 0.2b
Ca 103 £ 0.1a 1.2 £ 0.1c 6.4 + 0.2b
Mg 5.5+ 03a 0.7 £ 0.1c 24 +0.1b

Means with the same alphabet are not significantly different at p > 0.05 according to the Newman-Keuls test.
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Figure 2. Decomposition pattern of the different types of substrate previously biodegraded by the fly larvae.

Table 4. Exponential functions describing weight and nutrients remaining after decomposition in the soil of the different
residues.

Half-life period tq 5 in fifteen

Residues Parameters Fitted models Adjusted-R? days
Mixture of soybean bran and Mass remaining Y, = 106.22e %8 0.91 3.85%%*
corn hull C Y, = 105.16e70-2%% 0.94 3.32%*
N Y, = 103.18e7%163 0.96 4.25%%*
P Y, = 101.84¢ 0086 0.98 8.06%**
K Y, = 104.54¢020 0.96 3.36%%*

Ca Y, = 104.99¢ %171t 0.92 4.05%*

Mg Y, = 106.14¢70-166 0.92 4.17%*
Corn bran Mass remaining Y, = 102.67e %20 0.98 3.36%**
C Y, = 102.52¢7019% 0.96 3.57%%*

N Y, = 105.03e 701" 0.91 5.82%*
p Y, = 101.66e %8 0.97 5.87%%*
K Y, = 102.51e70183 0.98 3.79%#*

Ca Y, = 107.73e” %4 0.92 2.53%*

Mg Y, = 110.21e7027% 0.87 2.57%*
Mixture of soybean bran and Mass remaining Y, = 103.45e %74 0.97 3.98%**
corn bran C Y, = 103.01e7%178 0.93 3.89%*
N Y, = 101.42¢7%1% 0.95 6.60%**
P Y, = 101.52¢7%1%% 0.99 4.62%+*

K Y, = 105.79e™018% 0.95 3.85%*
Ca Y, = 102.00e 0081 0.98 8.56%**
Mg Y, = 100.12¢0088 1.00 7.88%**

*** p < 0.001; ** p < 0.01; Y: Mass fraction of the remaining residue or nutrient (%) in a residue at a specific time (t in 15 days).

Kinetic of the decomposition of the residues and nutrients mineralization in the soil

The exponential mono-component model fitted well to the decomposition of each residue and
the mineralization of nutrients (Table 4). In the model, the organic residue is considered as
a whole with constant mineralization rate, k. The model indicated that weight and nutrients
remaining in each residue at the time t were a function of the initial nutrient content and the
rate constant. The adjusted R? ranged between 0.87 and 1.00. The decomposition rates of each
residue ranged between 0.011 and 0.014 day™" and were fastest in the residue from corn bran.
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Figure 3. Change in the nutrients’ content in the residues during the mineralization process.

The half-life of the residues ranged between 50 and 60 days and was slightly similar in the
mixture of soybean bran and corn hull (58 days) and in the mixture of soybean bran and corn
bran (60 days).

Generally, organic carbon decomposition followed the same trend as residue weight. The
fraction of organic carbon mineralized after 75 days of decomposition was between 54% and
69% (Figure 3).

Nutrient contents in the residues decreased significantly (p < 0.05) during the mineralization
process (Figure 3). Organic nitrogen mineralized faster in the residue from the mixture of soybean
bran and corn hull (0.011 day“) than in that of corn bran (0.008 day_1) and in the mixture of
soybean bran and corn bran (0.007 day“). Fifty percentage N releases were attained after 64, 84
and 99 days in the residues from the mixture of soybean bran and corn hull, the corn bran and the
mixture of soybean bran and corn bran, respectively. Generally, the release of P during the
mineralization period was close to nitrogen in all residues. The percentage of P mineralized during
the decomposition period was highest in the residue from the mixture of soybean bran and corn
hull and the mixture of soybean bran and corn bran and lowest in the residue from corn bran. The
half-life of the residues’ organic phosphorus was on average 92 days. Potassium mineralization rate
ranged between 0.012 and 0.014 day™' and was higher compared to nitrogen and phosphorus. The
percentage of K mineralized during the experiment was almost similar in the different residues. The
mineralization rates of calcium and magnesium in the residue from corn bran (k = 0.018 day_1)
were higher than the other residues. Calcium and magnesium mineralization rates in the residue
from corn bran were three times higher than in those of the mixture of soybean bran and corn
bran and two times higher than in the mixture of soybean bran and corn hull. In general, nutrients’
mineralization increased in the order P < N < Mg < Ca < K (in the residue from the mixture of
soybean bran and corn hull), P < N < K < Mg < Ca (in the residue from corn bran) and Ca < Mg <
N < P < K (in the residue from the mixture of soybean bran and corn bran).
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Discussion

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

The decomposition and the mineralization of the studied residues are best described by the single
exponential model Y;

= Yoxe ™. This model is commonly used and fits well for a variety of litters, compost, and other
organic residues (N'Dayegamiye et al. 1997; Dhanya et al. 2013; Saidou et al. 2016). The basic
assumption is that k is constant. According to Aber et al. (1990), this model works reasonably well
until 20% of the initial mass remains. Unlike the single exponential model, quadratic and power
models have been used to explain the dynamics in the residues with some components, i.e. the rapid
degrading components such as carbohydrates, hemicelluloses, water-soluble and the slower degrad-
ing components such as waxes, lignin, suberins (Rovira and Vallejo 2000; Rovira and Rovira 2010).
Thus, the single exponential model fits well to describe the dynamic of the studied residues.

Decomposition of the agro-processing by-products biodegraded by fly larvae in soil

Few studies on the decomposition of agro-processing by-products in soil are available and
none on the decomposition of substrates previously biodegraded by fly larvae. Substrate
weight loss with time is typically used to determine decomposition rates. The decomposition
rate of the residues used in these experiments (from 0.011 to 0.013 day“) was almost similar
to those recorded in green manure (Thonnissen et al. 2000) and Acacia mangium litter
(Cattanio et al. 2008) but was higher than the decomposition rate of 0.005 day™' observed
with pig manure (Saidou et al. 2016) and the rate of 0.057 week™ in wheat crops residues
(Rezig et al. 2014). Pitta et al. (2012) found that less than 50% of the poultry litter was
decomposed within 90 days in the fields. In the present study, more than 60% of the initial
mass of the biodegraded agro-processing by-products was decomposed after 75 days in the
soil. Our results confirmed the short-term residual effect of the agro-processing by-products
in the soil. Generally, weight loss followed the same trend as organic carbon mineralization.
Several studies reported a rapid organic carbon mineralization in fresh manure and a lower
one in composts, due to the stability of composts. De Neve et al. (2003) found less than 10%
of organic carbon mineralized in different composts after six weeks in the soil. Similarly,
Cattanio et al. (2008) found less than 50% of organic carbon mineralized in different
leguminous plant wastes after 100 days in soil and Saidou et al. (2016) found also less
than 10% of organic carbon mineralized in fresh pig manure after 90 days in soil. In this
study, the organic carbon released by the agro-processing by-products biodegraded by fly
larvae, ranged between 54% and 69% after 75 days, was higher than those of some
mineralization studies. According to Bernal et al. (2009), any compost in which more than
30% of organic carbon mineralizes after 70 days indicates an immature material. Also,
immature composts may contain high amounts of free ammonia (Bernal et al. 2009).
Bloukounon-Goubalan et al. (2019) found NH,-N content up to 10 g kg™' in the agro-
processing by-products after the biodegradation by fly larvae. Our findings point out that
the agro-processing by-products biodegraded by fly larvae did not reach their maturity and
would need additional transformation. Immature material can lead to emission of odors and
continued active decomposition when added to soil and then can inhibit seed germination,
reduce plant growth and damage crops by competing for oxygen or causing phytotoxicity
due to insufficient decomposition of organic matter (Brewer and Sullivan 2003; Huang et al.
2004) and the development of toxic compounds. However, several studies hypothesize an
interrelation between fly larvae activity and micro-organisms in the substrates during the
biodegradation process (Cickova et al. 2015; Bloukounon-Goubalan et al. 2017). As a matter
of fact, the fly larvae activity favors the growth of aerobic microorganisms by increasing
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water and ammonia losses through mechanical aeration. For that, we suggest leaving the
biodegraded substrates for few days before applying them to soil in order to increase their
maturity and stability with the aid of the activity of micro-organisms present in the material.

The half-life of the residues organic carbon ranged between 50 and 58 days, suggesting that
they could support soil organism activity in the short-term but not in the long-term. However,
these residues can be used in the composting process as N sources.

Implications of nutrients mineralization of the agro-processing by-products biodegraded
by fly larvae

Initial nitrogen content was high (average 6%) in the residues. This will reduce the risk of nitrogen
immobilization in soil. Composted organic materials release nitrogen at rates considered to be slow
(1-3% of total N per year), and the leaching process can extend for many years as long as the
composted organic materials are decomposing (Al-Bataina et al. 2016). Nitrogen mineralization rate
in the residues was between 0.7% and 1.1% of total N per day. This result shows that the studied
residues can support plant N requirement at least during the first season crop. Thus, they can be
considered as an effective N source for horticultural crops. Masunga et al. (2016) reported that high-
quality organic inputs are characterized by a low C:N ratio and sufficient nitrogen to sustain microbes
and crop growth. However, they may not contribute much to the maintenance of soil organic matter
(Wang et al. 2004). Mineralization is high when the soil moisture content is near field capacity and
declines in dry soil (Guntifias et al. 2012). The experiment was performed during the short rainy season
in which field capacity was not reached. Thus, the nitrogen mineralization of the residues could have
been higher if the experiment had been carried out during the long rain season or under irrigation.
Consequently, the risk of nitrogen loss would have increased under those conditions. The rapid
nitrogen mineralization in the residues from the mixture of soybean bran and corn hull is not due to
its nitrogen content which was not significantly different with that of residue from corn bran but
probably rather to the lignin content, which is lower in soybean than in corn bran (Bellaloui 2002).

Results showed that nitrogen mineralization rate is close to the release of phosphorus. It is
known that residues with low C:N and C:P ratios, a sufficient N:P ratio, and low lignin content
decompose faster and release more P during the decomposition process (Silver and Miya 2001).
Previous research under similar conditions with pig manure showed that phosphorus mineraliza-
tion rates were not higher than 0.006 day_1 (Saidou et al. 2016). Our results indicate that
phosphorus was rapidly released in the residues from corn bran and the mixture of soybean
bran and corn bran. Mineralization of organic phosphorus may be of great importance for plant
nutrition in soils containing low amounts of available phosphorus. This could be advantageous for
microorganisms and plant growth. In fact, the incorporation of phosphorus into microbial cells
prevents its strong sorption to soil iron and aluminum oxides and hydroxide by maintaining it in
a form that can be released subsequently into the soil solution following microbial turnover. This is
an interesting result as Acrisols are known for their low available P content (Saidou et al. 2017) due
to the fact that major portions of the ion exchange complex of these soils are formed by iron and
aluminum oxides and hydroxides responsible for P fixation.

In all residues, potassium was more rapidly released than nitrogen and phosphorus. But the
leaching risk is very low as it is absorbed by the soil particles (Ayeni and Adeleye 2014). The rapid
release of potassium from plants’ residues relative to nitrogen and phosphorus is a common
observation (Semwal et al. 2003; Njunie et al. 2004; Bayala et al. 2005) and due to the fact that
potassium is not a structural component of plants and is therefore susceptible to leaching from
decomposing plants residues (Lupwayi et al. 2006). The high amount (62%) of potassium released
after 75 days decomposition in the soil proves that the residues are suitable for crops production
especially root vegetables and fruits, which require high amounts of potassium.

Calcium and magnesium were more rapidly released in the residue from corn bran although this
residue had a lower amount of these two nutrients. Thus, mineralization was not much affected by
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nutrients concentrations in the residues. The high amount of calcium and magnesium released till
75 days in the soil was probably due to the different transformations that occurred during the
biodegradation process by fly larvae. In fact, the oxygen supplied through aeration during the
biodegradation process by fly larvae stimulates micro-organisms to convert organic compounds
into inorganic ones (Ci¢kova et al. 2015). These transformations could have led to a quick calcium
and magnesium release, which are very mobile in their inorganic form. That could be
a disadvantage for the plants since calcium and magnesium will probably be lost through leaching.

Conclusion

The present study shows that the first order mono-component equation model with a relative
mineralization rate Y, = Yoxe ¥ describes well the decomposition and nutrients mineralization
processes. Corn bran, the mixture of soybean bran and corn bran, the mixture of soybean bran and
corn hull biodegraded by fly larvae contain a sufficient quantity of nitrogen and could be an
effective nitrogen source for vegetable production. But, the rapid decomposition and mineraliza-
tion of organic carbon and nutrients show that the residues are less stable and immature than
a number of organic materials used as soil amendment. The short half-life of the residues suggests
that they could support soil organism activity in the short-term but not in the long-term. The study
suggests using these residues as N source in compost or leaving the biodegraded substrates for
few days to mature before using as soil amendment.
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