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Abstract

In spite of the relevance of current studies on the importance of organic fertilizers such as animal
manure in improving the health of ecosystems, little is known about the biochemical mechanisms
affecting the availability of nutrients released from the organic fertilizer in water. A litter bag
study during 6 weeks was carried out in pots containing 25 liters of water with 15 g of pig dejec-
tions as organic fertilizers. The experimental design was a completely randomized block design
with three replications. The treatments consisted of dejections of pigs nourished with: recom-
mended diet composition T1, partially improved diet with Azolla filiculoides T2, improved diet
with Azolla filiculoides T3, improved diet with cereal bran T4. A control treatment without dejec-
tion (TO) was considered in the study for comparison purpose. Four pigs per type of diet were
considered leading to 16 white landrace pigs of six months age followed for dejection collections.
Strong release of nutrients for better yield for agro-fish system was obtained in the manure T1
with NO; (10.85 + 0.00) mg/L; NO, ( 0.011 * 0.00) mg/L; PO} (2.13 + 0.07) mg/L and K*
(10.76 * 0.57) mg/L; Ca%* (2.92 * 0.11) mg/L and Mg?+ (2.53 * 0.00) mg/L followed by manure T3
and T4 with high N content. The relatively low ratio C/N (14.25) for T1 and (15.84) for T3 induced
more nutrients releasing. This study showed an important N loss probably due to microorganism
activities which fluctuate nutrient availability. Also significant correlations were noted between
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the nutrient dynamics in water and physicochemical parameters showing the effect of abiotic fac-
tors on organic matter decomposition and mineralization which depend on microbial activities in
water and pig manure composition.
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1. Introduction

The current population growth demands from the international community to increase and diversify agricultural
and fisheries productivity. This can only be achieved through the improvement of crops and livestock by adopt-
ing more efficient farming techniques [1]. The recent decade has seen the growth of a particular attention to the
issue of pollution from chemical fertilizers and pesticides [2], which remains the increase in production costs
and significantly reduce farmers’ incomes. In this context, manure with the organic matter they contain, are not
only a guarantee for the physical, chemical and biological soil fertility but also the main pillars for achieving
gains significant productivity [1]. Generally farmyard manure or composts are suggested as an alternative
process for the management of these wastes [3]. Nitrogen release from organic wastes mineralization has been
successfully tested in agriculture [3]-[7]. These authors concluded that, the supply of manure in agricultural land
is an excellent way to recycle nutrients and organic matter to improve crop production. But according to [4],
knowledge of nutrients release from the mineralization of organic manure is critical in regulating net ecosystem
productivity, especially in nutrient-limited systems. In fact, controlling the rate of mineralization including bio-
chemical mechanisms affecting the availability of nutrients released is essential for rigorous prediction quanti-
ties of organic fertilizers for rice-fish systems. Lu and Li [8] revealed that rice-fish farming systems constitute a
unique agro-landscape across the world, especially in tropical and sub-tropical areas and the introduction of fish
rearing to rice farming creates an integrated agro-ecological system practice. In that system, Haroon et al. [9]
found that paddy yields were ranging 1.5 - 3.7 t-ha *-crop™* in rice-fish and 1.5 - 1.8 t-ha *-crop™ in rice-alone
culture with insignificant differences between the years (P > 0.05). It was also proved that, when the pigs were
nourished with diet of high nutritive value such as Azolla filiculoides, it also improves the quality of dejection
produced which could be used to feed fish and to supply nutrient to the crop considering wetland production
system [10]. In such way, developing strategies to recycle nutrient from these residues especially those from li-
vestock and pig in the context of Benin agriculture is a challenge. However, in Benin more than 518,600 pigs
are breed with an increase of 3% of the livestock the last four years [11] [12] leading to an important quantities
of dejection produced which are source of environmental pollution. Zooplankton productions systems based on
the use of pig manures have been previously reported [13] but there is lack of knowledge on the biochemical
mechanisms affecting the availability of nutrients released during the mineralization of organic fertilizers such
as manure from pig fed with Azolla filiculoides and rice bran in wetland condition for fish and crop production
system.

This paper reports the results of a study of pig dejection decomposition and nutrient mineralization in wetland
condition using pots experiment. It aims to (i) evaluate the influence of diet on the nutritional quality of applied
manure, (ii) evaluate the effect of the nutritional quality of different sources of pig manure on nutrient dynamics
in wetland, (iii) determine the effect of abiotic parameters on nutrient availability in the water.

2. Materials and Methods

2.1. Experimental Site

The experiment was carried out on the site of the Laboratory of Research on Wetlands (LRW) Department of
Zoology, Faculty of Science and Technique of University of Abomey-Calavi, Benin (Longitude E: 2°20'18.7";
Latitude N 6°24'53.4"). This site is located at an altitude of 17 = 3 m. The area is characterized by sub-equatorial
climate with two rainy seasons (March to end of July and mid-September to November) and two dry seasons
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(August to mid-September and December to March). The rainfall pattern and temperature during the experiment
is presented in Figure 1.

Azolla filliculoides an aquatic fern used to enrich the pigs diet was produced during two months (June to July
2013) in ponds located at the experimental site.

2.2. Pigs Manure Collection and Process

Pigs feeding and manure collection according to the types of diet served to the animal were carried out in the
LRW pigsty located on the experimental site. The manures were daily collected and mixed according to the diet
served to the pigs. Experiment on pigs’ manure decomposition was carried out on the site of LRW. The dejec-
tions were collected from July 17" 2013 until sufficient quantity to carry out the experiment was obtained in 19"
August 2013. The dejections collected were dried at ambient temperature. About 50 kg of pig dejection were
collected per types of diet given to the pigs. The diets given to the pigs were made based on result of Azolla fili-
culoides use from experiment carried out by Accodji et al. [11] and Djissou [14].

The treatment were manure collected from pigs nourished with: T1 (recommended diet composition: 15%
Azolla + 55% provender + 5% coconut copra + 5% oil palm + 5% soybean bran + 10% rice bran + 5% kitchen
waste), T2 (partially improved diet with Azolla: 30% Azolla + 65% rice bran + 5% oil palm), T3 (improved di-
etwith Azolla: 47.5% Azolla + 47.5% rice bran + 5% oil palm), and T4 (improved diet with cereal bran: 15%
Azolla + 40% rice bran + 40% wheat bran + 5% oil palm). A control treatment without manure (TO) was consi-
dered in the study as comparison purpose. The experiment was carried out during six weeks (from 19 September
to 25 October 2013).

In total, four pigs per type of diet were considered leading to 16 white landrace pigs of six months age fol-
lowed for dejection collection. Instead of plastic containers clay jars were used for the pot experiment as they
create fresh conditions like in the wetland. Tap water was used to create wetland condition in the jars.

2.3. Experimental Design

The experimental design was a complete randomized block with three replications. Manure bags used in this
experiment were constructed from nylon mosquito net with a mesh size of 1 mm. The nylon was tied 15 g of
dejection and suspended in 25 liters of tap water representing 600 g/m* [3] and also adapted from litter-bags
techniques [15]-[17].
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Figure 1. Rainfall pattern and temperature during the experiment.
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For each treatment (except the control), 12 bags with 15 g oven dried manure material were filled. Manure
bags were randomly placed in the 12 clay jars of one lot to be sampled weekly. In total, 6 lots of 12 clay jars
leading to 72 clay jars. A control (T0) consists of jars containing 25 liters of water without dejection in addition
to jars containing water and dejection. Overall, 15 water samples were successively collected at 6, 12, 18, 24, 30
and 36 days and transported to the laboratory for the analysis. So for each sampling time, there were three ma-
nure bags per treatment.

2.4. Manure and Water Analysis

Analyses concerned firstly dejection quality after feeding and secondly water containing these dejections during
mineralization process. Methods used for the dejection analysis were that described by NF EN 14082 norm [18].
The analyses were performed on: organic carbon (After drying, powder reduction and incineration at 550°C for
24 h, the organic matter is determined by the difference between the treated sample and the mass of ash ob-
tained assigned an empirical coefficient of 2.) The ash obtained after dissolution in HCI, 6N, after evaporation at
125°C gives a residue which, dissolved in HNO; were used to measure Ca, Mg, K and P by spectrophotometric
essay, total N using Kjeldahl digestion in a mixture of H,SO, selenium method followed by distillation and titra-
tion, total P using AFNOR NFT 90-023, 1982 spectrophotometric assay after persulphate digestion in Kjeldahl
flask method. Water sample collected were stored at the laboratory in a fridge at 4°C in order to assess enrich-
ment with nutrient released during the mineralization process. Analyses included suspended solids, NOj,
NO, and NHj . The suspended solids were measured using Standard NF EN 14082 method after water evapo-
ration in an oven at 105°C for 24 hours. NO; using sodium salicylate method [19], nitrate ions in the presence
of sodium salicylate form sodium paranitrosalicylate colored in yellow which is measured colorimetrically at a
wavelength of 420 nm. NO, using reagent of Zambely method [19], where ammonium ions in presence of sul-
fanilic acid and phenol form a yellow colored complex whose intensity is proportional to the concentration of
NO, and the ions concentration is measured colorimetrically at a wavelength of 435 nm. NH,; by NESSLER
method [19], ammonia in the presence of this reagent for reddish-brown color which is measured colorimetri-
cally at a wavelength of 425 nm. PO?~ (In strongly acidic solution, the ammonium molybdate reacts with the
orthophosphate to form phosphoric acid molybdo reduced by amino acid reactive to form a blue compound ca-
pable for spectrophotometric assay at 700 and 880 nm.)

K*, Ca®* and Mg?* content in water were determined with Atomic Absorption Spectrophotometer. Tempera-
ture and dissolved oxygen were measured in situ using Oxythermometer brand OXI 197i-N27455, the conduc-
tivity using conductivimeter brand N27444-197i, and pH with pH meter 197i brand-N27499.

2.5. Method of Statistical Analysis

The variance analysis test followed by the homogeneity test of Student-Newman-Keuls at the 5% was performed
with the SAS 9.2 software. These tests were performed after inspection of the normality and homoscedasticity
conditions of variance, to compare the means of physico-chemical data. Also using Minitab, the Pearson corre-
lation coefficient was used to determine possible correlations between the temperature, dissolved oxygen, pH,
conductivity and nutrient dynamics.

3. Results
3.1. Diets and Pig Manure Chemical Composition

The chemicals characteristics of pigs’ manures used for the experiment are presented in Table 1. It appears from
the results that carbon and nitrogen content in the manure collected from pigs nourished with improved diet with
Azolla (T3) significantly (P < 0.05) increase by 1.2 and 1.3 times compared with that collected from pigs nou-
rished with the recommended diet composition (T1). In general for carbon, one can rank the manures richness
according: T3>T2>T1 > T4 and T3 > T1 > T4 > T2 for nitrogen content. These results lead to a lowest C/N
ratio for treatment T3 while the highest C/N ratio was obtained with T1 and T4.

The manure collected from pigs nourished with recommended diet composition (T1) presents significantly
higher P content compared with that collected from treatment T2, T3 and T4 (Table 1). The addition of Azolla
in the diet seems to decrease significantly by 1.1 and 1.3 P content in the treatment T3 and T2 respectively
compared with T1. Furthermore, K, Ca and Mg concentrations were high in the manure T1 compared with the
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Table 1. Average value (xstandard errors) of the chemical characteristics of pigs’ manures regarding the composition of the
diets (T1 = Manure of pigs nourished with recommended diet composition; T2 = manure of pigs nourished with diet partially
improved with Azolla; T3 = manure of pigs nourished with diet improved with Azolla; T4 = manure of pigs nourished with
diet improved with cereal bran) used to feed the animal.

Nutrient content (g/kg)
Treatment
C N P K Ca Mg
T1 261.78 +0.00c 18.37 £ 0.00b 5.40 + 0.00a 8.21 + 0.00a 8.66 + 0.00a 2.77 £ 0.00a
T2 274.54 £ 0.00b 13.89 + 0.00d 4.06 £ 0.00d 3.64 +0.00c 6.08 = 0.00c 1.95 £ 0.00c
T3 325.68 + 0.00a 24.64 +0.00a 4.86 +0.00b 3.36 +£0.00d 6.28 +0.00b 2.63 +0.00a
T4 241.24 £ 0.00d 15.23 £ 0.00c 4.62 = 0.00c 4.33+0.00b 5.79 £ 0.00d 2.07 £ 0.00b
CV (%) 11.79 24.01 10.61 41.73 18.16 15.57

Note: means followed by the same letter are not significantly different (P > 0.05) according to the Student Newman-Keuls test.

other treatments. However, significant decrease by 2.3, 2.4 and 1.9 were noticed with K concentration in the
manures respectively with treatments T2, T3 and T4 compared with T1. The decrease is less (1.4 for treatments
T2 and T3 and 1.5 with T4 compared with treatment T1) with Ca content in the manures. Concerning Mg con-
tent, manure collected from pigs’ nourished with improved diet with Azolla did not vary compare with that from
pigs nourished with recommended diet composition. However, significant decrease by 1.4 and 1.3 in Mg content
in the manure is noticed with treatments T2 and T4 compared with that of pigs nourished with recommended di-
et composition (treatment T1). The coefficient of variation calculated for all treatments is somewhat elevated for
N and K (CV > 20) and somewhat lower for P, Ca, Mg and C (CV < 20) revealing the difference in composition
manure and in conjunction with the chemical composition of the tested diets. We can conclude that nutrients
content in the manure depends on the chemical composition of the diet used to feed the animals.

3.2. Water Quality and Nutrient Dynamics

3.2.1. Physical and Chemical Parameters Measured in Situ

Change in temperature (Figure 2(c)), dissolved oxygen (Figure 2(a)), conductivity (Figure 2(d)), and Ph
(Figure 2(b)) during the 36 days of experiment is depicted in Figure 2. In general, the values of the water tem-
perature fluctuate between 25.90°C and 33.77°C approximately. The values observed are similar in all treat-
ments and vary according to the weeks of experiment. However, there is a drop in global temperature after a
week of fertilization in all treatments and increase during the 3rd and 6th week. These temperatures observed are
those of mesophilic microorganisms therefore support the biodegradability of organic matter in pig manure. The
temperature rise observed the 3rd and 6th week shows activation of metabolic reactions of nutrients released by
microorganisms. Dissolved oxygen affects life in ecosystems. The average values of dissolved oxygen registered
during the experiment are between 8.36 mg/L and 16.57 mg/L. However, in the 3rd and 6th weeks a decrease in
the concentration of dissolved oxygen in all treatments was observed; this can be correlated with the increase in
temperature observed in the third and sixth week of experimentation. In fact, aerobic microorganisms whose
metabolic activity is activated by the rise in temperature consume then enough oxygen for faster degradation of
organic matter. pH values at the start of experiment were low and indicate relatively acidic water (5.13). These
values range 5.13 to 8.14 at the end of experiment, whereas in the control treatment TO, the pH remained rela-
tively low. The contribution of manure resulted in a gradual increase in the pH which reached 8.14 especially in
T4. This indicate a propensity to alkalinity in water containing pig manure mainly due to a release of NHz from
NH; in the area during pig manure mineralization in the water. Water conductivity is a global but rough para-
meter to estimate water mineralization. Except treatment TO (90.98 uS/cm) where conductivity values were low
and constant, those observed in T1 to T4 increased from the first to the sixth week. Generally, water conductivi-
ty in jars range 40.66 puS/cm to 174, 93 uS/cm reflecting progressive mineralization of water due to the activity
of pig manure decomposition by microorganisms

3.2.2. Nutrient Dynamics in Water (mg/L)

Nutrient dynamics during the experiment are presented in Figure 3. NO, rates (Figure 3(a)) in the different
treatments were increased over time with variations ranging between (0.003 + 0.00) and (0.11 + 0.00) mg/L ob-
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Figure 2. Change in temperature, dissolved oxygen, conductivity, and pH during the 36 days of ex-
periment. (a) Change in Dissolved Oxygen (mg/L) during 36 days of experiment; (b) Change in pH
during 36 days of experiment; (c) Change in Temperature (°C) during 36 days of experiment; (d)
Change in conductivity (uS/cm) during 36 days of experiment.

tained with T4 during the fourth week. Also there is a decrease of nitrite content in treatments T1 to T4 during
the 3rd and 6th weeks. These variations observed are related to the activities of micro-organisms in the water
that influences nitrogen availability with  NO, which are more or less unstable.

Nitrates (Figure 3(b)) are the most stable form of the nitrogen in the water from the nitrification and organic
nitrogen. During the test, the values of the nitrates content are between (6.04 + 0.00) mg/L and (22.95 + 3.19)
mg/L with a high value observed in T1 with (22.95 + 3.19) mg/L after five weeks fertilization. Decreases levels
were observed during the third and sixth weeks. Indeed, as the temperature increases, the biochemical reactions
are activated and result in a loss of NH; by transformation of nitrogen or denitrifying bacteria where the de-
crease observed in the third and sixth weeks. It was noted that the low value recorded at the control treatment TO
is due to the fact that this treatment has received no manure.

The values of NH; content (Figure 3(c)) recorded during the experiment range between (0.04 + 0.00) mg/L
and (0.5 = 0.20) mg/L. Increases were observed in T1 to T4 with a decline in the 3rd and 6th weeks of fertiliza-
tion. The highest values are recorded at T1 and T3. In manure, there is a balance between the NH; /NH; form;
This is related to the equilibrium constant which can be favorable to a massive loss of nitrogen as ammonia gas
or favorable to storage in water as NH; . The process of ammonia volatilization is the transfer of ammonia gas
in the immediate atmosphere from ammonia in manure decomposing in water. The factors responsible for nitro-
gen losses observed at week 3 and week 6 are therefore related to temperature, the enzymatic activity of organ-
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Figure 3. Variation of the nutrient (NH; , NO;, NO;, PO%, K*, Ca® and Mg?") and Suspended solids in water during
the 36 days of experimentation. (a) Change in NO, content (mg/L); (b) Change in NO; content (mg/L); (c) Change in
NH; content (mg/L); (d) Change in PO content (mg/L); (¢) Change in Mg?* content (mg/L); (f) Change in Ca®* content
(mg/L); (g) Change in K* content (mg/L); (h) Change in Suspended solid content (mg/L)
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isms present in the water, the pH and properties of manure in water.

The values of the PO?" content (Figure 3(d)) recorded during the experiment were between (0.14 + 0.00)
mg/L and (2.8 + 0.26) mg/L with a regular growth especially after one week fertilization. VValues were constant
in TO (0.2 + 0.00) mg/L) during the experiment. The rapid increase in the concentration of PO?  (from T1 to
T4) in the first week of experiment indicates a labile fraction of organic matter. From the second week to the end
of the experiment, a readily degradable organic fraction was released by microorganisms in manure. The values
of the K* content (Figure 3(g)) recorded during the experiment were between (4.82 + 0.00) and (13.18 * 0.52)
mg/L. These values from T1 to T4 increased with a high rate at the T1. The differences between treatments were
not significant (P > 0.05).The rapid increase in the K™ content during the first week experience indicates a ra-
pidly mineralizable labile fraction of organic matter and from the second week to the end of the experiment, a
readily degradable fraction by resistant microorganisms in manure. The contents of Mg®* (Figure 3(e)) in-
creased during the experiment and ranged from (1.21 £ 0.00) mg/L and (4.28 £ 0.96) mg/L. Linear growth is
obtained in all treatments except the control treatment TO with a maximum of (4.28 + 0.96) mg/L at the T4
treatment. Pig manure fed Azolla filliculoides, rice bran and wheat bran enrich the water with nutrients K™ and
Mg?. A significant increase in calcium is observed in different treatments during the experiment and these val-
ues are between (1.20 + 0.00) and (9.41 £ 0.30) mg/L. There were a remarkable increase of P, Ca, Mg and K in
T1 after five weeks of treatment fertilization compared to others treatments. The ratio of suspended solids in the
stored treatment TO is much lower than that obtained in the treatments T1 to T4. The rate of suspended solids
has been a gradual increase through the different treatments. It reflects a gradual release of mineral elements
from organic pig manure. The temperature fluctuates between 30°C and 33°C reflecting the climatic conditions
during experimentation period. With regard to suspended solids in the water, they present a remarkable increase
between the beginning and end of the experiment on all treatments. Diet with high content of Azolla filliculoides
(T3)’s manure release more suspended solids which were 1.4, 1.1 and 1.3 times higher than T4, T2 and T1 re-
spectively.

3.2.3. Correlations between in Situ Measured Parameters and Nutrient Dynamics in Water

Abiotic parameters including pH, conductivity, temperature and dissolved oxygen have strongly influenced the
dynamics of nutrient released in the water during the mineralization process of manure from pig mainly fed with
Azolla filiculoides and rice bran. Thus according to the Pearson correlation test, the pH is correlated with the
concentration of NO; (P < 0.05, r> = 53.9) and very significantly correlated with each of the following nu-
trients NH; (P <0.0001, r*=73), PO (P<0.0001, r*=65.7), K" (P < 0.0001, r* = 67.7), Ca** (P < 0.0001,
r* = 79) and Mg** (P < 0.05, r* = 74.8). The dissolved oxygen showed a significant correlation with NO; (P <
0.05, r’ = 50.7) and high significant with NH; (P < 0.0001, r’ = 65.7), PO3 (P <0.0001, r* = 56) and Mg**
(P < 0.0001, r* = 66.6). Concerning the conductivity, it was significantly correlated with NO,, NH; NO; at
5%. Also a highly significant correlation was found between the conductivity and the Ca* levels (P < 0.0001, r?
=62.9), and Mg®* (P < 0.0001, r* = 62.7).

Indeed, the biochemical mechanisms of degradation of organic matter depend on physical and chemical con-
ditions of the environment. The lower rate of dissolved oxygen in the 3™ and 6" week coincid with the increase
of temperature reflecting a high decomposition activity of aerobic bacteria that induce a large release of nu-
trients NO;, NH;, PO3, Mg®, K* and Ca®*. The release of high concentration of NH; in the water
changes the degree of dissociation of NH; /NH; which becomes favorable to a massive release of NH; with the
consequent of increase of pH which is correlated with nutrient released by pig manure. It is the same for the
conductivity which increased over time in proportion to the levels of nutrient. The decomposition of pig manure
already rich in microorganisms facilitated by water leads to a faster release of mineral elements influence the
overall content of nutrients and consequently the conductivity.

In total, the release of nutrients contained in the manure of pigs fed on Azolla filiculoides and rice bran was
modulated by abiotic parameters namely dissolved oxygen, pH, conductivity and temperature in the aquatic en-
vironment.

4. Discussion
4.1. Influence of the Tested Diets on Manure Fertilizer Quality

Food is an essential parameter of the composition of the manure. Approximately 60% - 80% of the nitrogen and
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phosphorus ingested are not absorbed by the animal and about 90% for potassium [20].

From the results obtained, the nutritional quality of manure varies significantly from one treatment to another.
This is due to the composition of the diets and to the digestibility of applied rations for monogastric such as pigs.
According to Corpen [21], diet and discharge quality depends of physiological state as required for pig metabol-
ism. The standard reference for nitrogen rejection sow is 17.50 kg/sow/year, post weaning 0.44 kg/pig fattening
phase, 3.25 kg/pig. The high levels of nitrogen in manure (T3) are related to the high content of Azolla in this
regime. Also, the differences between manure composition are related to the nature of the raw material which
was used: Azolla filiculoides and rice bran at various doses. This confirm the results of Faure [22] which focused
with regard to protein content, that the yield of digestion vary considerably from raw materials, and by the va-
riety for the same raw material. Others factors responsible for the variability in the quality of manure were cited
such as trypsin inhibitors, lectins and tannins responsible for the low digestibility of certain varieties of peas
[23].

Thus, the high rate of nitrogen released by the pig in the T3 can be explained by the low digestibility of the
ingredients as Azolla filiculoides in the ration which is highly rich in fiber and lignin readily degradable. The
C/N ratios recorded in T1 to T4 are well above the C/N ratio found in pig slurry whose value is 4 [24]. This dif-
ference could be explained by the composition of the diet applied to feed pigs.

4.2. Quality Effects of Manure on the Enrichment of Water in Nutrients (N, P, K, Ca and Mg)

During the decomposition of pig manure, the water temperature is an important factor not only for organic pro-
duction but also for solubility gases such as oxygen [25]. Thus, the low value of the temperature observed after
one week of fertilization is due to aeration of the area with oxygen. In fact, during this week of fertilization mi-
crobial activity is much slower compared to the 3rd and 6th where it is faster. Basic pH values (8.14) obtained at
the end of the experiment reflecting an enrichment of the area in NH; are contrary to the values of pH acids ob-
tained by Brault [26] due to the degradation of organic substances. This difference could be explained by the en-
vironmental climatic conditions. However, the pH values recorded during these experiments are compatibles for
fish farming which allows a value between 6.5 and 9 [27].

High levels of suspended solids matters and stored water conductivity in T1 to T4 are due to the high release
of nutrient in the area and confirm the results of Belghiti et al. [25] who proved the mineralization effect on wa-
ter mineral contents. For good manure, organic matter decomposition process is performed by heterotrophic
bacteria which consume dissolved oxygen to release the nutrients such as ammonium, nitrite, nitrate and phos-
phate and carbon dioxide [28] The values recorded for nitrites during different sampling campaigns are in ac-
cordance with the optimum value required 0.1 mg/L [29] for aquaculture water. However, high level of nitrites
(1.11 mg/L) obtained with T4 after 4 weeks of fertilization might be due to physico-chemical and biological
process taking place in this environment [30]. Indeed, during the degradation process of organic matter by mi-
croorganisms there is an ammonia oxidation or reduction of the nitrate which induce a release of nitrous ions in
the area. This could justify the findings observed in all the treatments except, To at the 3" and 6th week of expe-
riment in which there has been a substantial decline in the rate of nitrogenous nutrients in fertilized water based
on pig waste level. As for nitrates, these values are much higher than the standard set for surface water is 0.1
mg/L for freshwater aquaculture [31].

High nitrate levels in treatments T1 to T4 could be explained by the significant degradation of organic matter
in the area under the influence of microorganisms [32]. As nitrates proceed from the nitrification of nitrogen in
pig waste [28], ammonium is a mineral which process usually results on an incomplete degradation of organic
matter [28]. This could justify the fluctuating values nitrogen during the experiment where organic matter is
gradually degraded. It is noted that the ammonium also appears in the area from the conversion of nitrates. It
could also be noted that the different nitrogen forms and their evolution in ecosystems depend on biological ac-
tivity, pedo-climatic conditions [33].

PO}~ concentrations obtained in the different treatments during the experiment showed a linear increase
with a maximum of 2.80 mg/L; that proves fertilizing water with pig manure represent a favorable environment
for aquaculture [20]. However, high concentrations of ortho phosphate recorded in all treatments after one week
of fertilization are probably due to rapid mineralization of labile fraction of pig manure under the influence of
environmental temperature. Temperature plays an important role in the solubility of salts in water [34]. The sig-
nificant level of K* in the fertilized area inform about the presence of the main mineral like nitrogen, phosphorus,
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oxygen, hydrogen and carbon [28]. The presence of Ca?* and Mg?* with significant levels especially in T1, also
provide information on the rate of salts present in the areas [35] and then explain the increase of the water con-
ductivity from the first test period to the end.

4.3. Correlations between Parameters Measured in Situ and Nutrient Dynamics in Water

According to our results, the Pearson correlation test revealed an interaction between abiotic parameters such as
pH, conductivity, dissolved oxygen, temperature and nutrient dynamics in water containing pig manure during
mineralization. In spite of the increase in the content of nitrogenous nutrients throughout the experiment, signifi-
cant nitrogen losses were recorded for all treatments particularly during the third and sixth weeks of experi-
mentation, periods corresponding to lower rate of dissolved oxygen and an increase in temperature. Many au-
thors showed the influence of abiotic physico-chemical parameters on the dynamics of nutrients in the water.
Thus, according to Hafiane et al. [36], hot weather leads to increased net loss of nitrogen as NHs. In the same
way, Dovonou et al. [37] prove that because NH, proceed from the decomposition of excreta, it pass to gas form
and lead to an elevation of pH. This loss of nitrogen observed at the 3rd and 6" weeks in NH; corresponds to a
transfer of ammonia gas present in the manure in the immediate atmosphere [38]. Indeed, according to the au-
thor, process of volatilization varies with the NH," concentration in the manure, the enzyme activity, the pH, the
temperature, and the slurry properties. Complementary to this author, [39] describes in fact, an equilibrium
which exists between the concentrations of NH, and NHs; since the concentrations of NH; increases, more
NH; is transformed in NH; to maintain balance within the slurry. This balance depends on pH, as confirmed
by the current study result; a basic pH is consistent with the predominance of NH; form. These results are also in
accordance with those of Moal et al. [39]; Kemarrec et al. [40] which showed that the temperature affects the
degree of dissociation of NH; /NH,, indicate that the increase of the diffusion of NHj is proportional to the
temperature. Similarly Corpen [21], found about equilibrium NH; /NHj, if the concentration of NHj increas-
es, the pH decreases. Reversely, with regard to the dynamics of ammonium, the current results did not match
with those reported by Brault [26] who found that the degradation of organic substances leads to a general ten-
dency to acidify the area as a result of rapid fermentation; this is certainly justified by the nature of the material
being studies but also anoxic conditions of his work. Regarding the dissolved oxygen, the current study showed
that dissolved oxygen levels highly correlated with the release of nutrients. The decrease in dissolved oxygen
observed at 3 and 6" weeks of experiment is correlated with an increase of temperature during the same period.
According to Corpen [21], oxygen is influenced by two parameters including the water temperature and its con-
ductivity. This aspect was studied by Hassan et al. [41], which showed that the concentration of dissolved oxy-
gen is a key parameter for the activity of bacteria that provide the degradation of organic matter. In the same
way, Belghiti et al. [25]; Rodier [42]; Cornaz [28] concluded that the oxygen is consumed by the chemo-syn-
thetically mineralizing microorganisms and facilitate the release of nutrient in natural waters. Rapid degradation
observed in the case of this study is justified since Laferriére [43] and Salanitro [44] attested the presence of 3 to
6 x 10" bacteria/g in the pig slurry and these micro-organisms play a key role in the mineralization rate of these
wastes. The variations in the dissolved oxygen content correlated with the increase of the conductivity across the
treatment were observed by Belghiti et al. [25] and Rodier [42] who showed that the conductivity values of wa-
ter depends on loads mineral matter in water and therefore the total quantity of dissolved salts in the water. Also
the nature of the organic material could influence the rate of dissolved oxygen. Total mineralization of pig ma-
nure including T1 to T4 which released more nutrients N, P, K, Ca and Mg, have increased their concentrations
but a significant loss of nitrogen nutrients was noted. We suggest in fact, for recovery any agricultural and fi-
shery purpose, it requires a periodic supply of split pig manure or addition of nitrogen fertilizer to supplement
losses of nitrogen nutrients. Although a relatively large amount of nutrients in manure are observed at the begin-
ning, abiotic factors such as pH, temperature, conductivity and dissolved oxygen modulate the release rate of
these nutrients.

5. Conclusion

The studies on the decomposition of pig manure fed on with different foods based on Azolla filiculoides and rice
bran prove that the treatments T1 containing Azolla filiculoides, provender and rice bran showed rapid minerali-
zation because of their relative low C/N ratio. The composition of pig dejection varies from one treatment to
another because of the composition of the diet applied. The treatments T2 and T3 which contained respectively
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30% and 47.5% of Azolla (aquatic plant rich in nitrogen) in their food release significant rate of nitrogen in the
manure. The C/N ratio in the treatment T2 slows the rate of mineralization of the organic material and thereby a
very small quantity of nutrients is available in the water while those reports in the treatments T1, T3 and T4
were respectively 14, 25, 13.22 and 15.85.

The water quality varies according to the composition of the animal dejection, but it also depends on the dura-
tion of fertilization, the abiotic parameters such as pH, temperature, conductivity and dissolved oxygen which
modulate microorganism activities in the manure then nutrient availability for agro-fish system.
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