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Abstract: The structure and texture of the soil is an essential link for its stability and for the practice of good
agriculture. However, with the intensification of cultivation techniques, the management of these parameters
poses real problems. Soils may have a low water retention capacity or chronic impermeability. In the latter
case, water stagnates and plants rot. Soils that also support intensive cultivation eventually become depleted of
nutrients. Compost is an organic amendment that revitalizes deficient soils, hence the interest of composting.
Composting improves the physical structure of the soil and its basic chemical properties. It is a biological
process of conversion and valorization of organic matter. Composting makes the soil easier to work, more
draining and better aerated. The Niger Office Area is an agro-pastoral region by excellency. However, the
study area faces many soil-related problems: acidity, compaction, mineral element deficiency, silty-clay
texture, and coarse structure. Therefore, a composting trial was carried out in this area.

The aim of this work is the development of a composting technique that can improve the physicochemical
parameters of soils in the Niger Office Area and their productivity.

The composting period lasted for three months and finally a new compost was produced with standard
physicochemical parameters. Thus, the pH measured on the finished compost varied between 8-9.The compost
was spread over a 2.5-hectare trial field of two varieties of corn. The total amount of compost produced by
biodegradation of fermentable material is 10 tons. Compost produced with an optimised nutrient-rich C/N
ratio improved soil quality in a test pivot and increased crop yields.
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1. INTRODUCTION

The increasing infertility of agricultural soils in Mali led agricultural stakeholders to conduct further
investigations to eradicate this scourge in order to ensure food self-sufficiency. Land degradation can
be linked to irrational use of chemical inputs, the effects of environmental pollution, seed biodiversity
or other factors [1]. This is how the idea of recycling organic materials of animal and vegetable
origin came out to reinvigorate and revitalize farmlands. Hence the interest in composting with 100%
natural raw materials [2].The analyzed soils in the Niger Office Area are faced with the major
problem of compaction and acidity. The physicochemical analyzes concerned: particle size, pH and
organic matter. The mineral particles of a soil are classified according to their size: this is the
principle of particle size analysis. Agronomists in their activity have defined limits of particle size
classes corresponding to different behaviors for each class: clays have an active role and silts are
unstable [3]. The pH is an important physicochemical parameter in the dynamics of soil, it determines
its degree of acidity or basicity. It is a real key in agronomy for the assimilation of nutrients by
plants. The pH influences the three important components of soil fertility, namely nutrient
biodiversity, biological activity and structural stability [4]. The C/N ratio is an indicator to judge the
degree of evolution of organic matter in the soil. This report is said to be high if it is around 15 to 25,
this corresponds to a poorly decomposed organic matter; C/N between 8 and 12 corresponds to well
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decomposed organic matter; below 8 C/N indicates mineralized soils with low reserve of organic
matter.

Assimilable phosphorus is essential for plants growth and development. The cation exchange capacity
(CEC) of the soil represents the size of the reservoir to reversibly store certain cationic fertilizing
elements (K*, Na*, Mg**, Ca®") [5 ]. The CEC value of a soil depends on not only the quantities of
clay and organic matter it contains but also on the nature of the elements and the pH of the soil (IER
SEP Laboratory analysis results canvas).

Previous analyses have shown a proven deficiency in major soil elements. Composting is being
considered as an alternative for correcting soil deficiencies [6]. The aim of composting is to produce a
low-cost natural organic amendment to enrich soils that are poor in essential nutrients [7, 8]. The
composting technique consists in improving agricultural production and boosting organic agriculture.
It is the best method for compensating for the process of advanced humus mineralization, a
phenomenon that leads to soil denudation and degradation, especially in irrigated areas. Compost is a
valuable product that overexploited soils constantly need. Compost is a fair return to nature from
human waste or subsistence. Much more than a chemical fertilizer, compost has many positive effects
on soil fertility and plant growth: it provides micronutrients for plant equilibrium, restores stable
humus to the soil, improves the structure and balance of microorganisms, and regulates the soil water
balance [9, 10].

Composting increases crop yield by adding more nutrients to the soil and significantly reduces the use
of chemical inputs [11]. These inputs can be a source of nutrient depletion in arable soils. The
uncontrolled use of these agricultural inputs can lead to environmental pollution. In this context, to be
sustainable, agricultural production must develop approaches aimed at making better use of available
resources, including restoring and maintaining soil fertility, which is one of the most limiting factors
in agricultural production [12, 13, 14].

Composts production is economically less expensive than that of chemical fertilizers. To rationalize
green agriculture with a better yield, composting can be a vector of optimization for countries of the
South like ours. The process consists in producing natural organic amendments from crop and
livestock wastes at low cost to enrich agricultural fields. Enriched soils make it possible to improve
agricultural production and boost traditional agriculture.

2. MATERIAL AND METHODS
2.1. Material
2.1.1. Soil sampling:

Soils were randomly sampled from different locations on the same Pivot in the Niger Office Area at
Segou Region in Mali. They were sampled and divided into three separate lots (beginning, centre and
end of Pivot) in numbered plastic bags and sent the same day to the Laboratory Soil-Water-Plants of
the “Institutd' Economie Rurale” of Bamako for analysis.

2.1.2. Composting process:

Composting was carried out with the raw materials obtained from crop and livestock waste. In our
case, we used manure, litter and crop residues (straw, processing waste on the farm). An automatic
watering system fed the composting windrows. The turning of the heaps was done by mechanical and
manual means. Composting depends on the nature of the materials to be composted and the
equipment used. The material used is 100% natural and biodegradable.

2.2. Methods:

2.2.1. Soils sampling:

The soil samples were taken at a depth of 30 cm in the morning around 8 am and divided into three
batches respectively. A required quantity of one kilogram was received for each sample [15]. The
batches were numbered S1, S2 and S3 and then sent to the Soil-Water-Plants Laboratory of “Institutd’
Economie Rurale” of Bamako for physicochemical analysis. The objective of sampling is to take a
quantity of material whose volume is easily transportable and sufficiently representative for the
analysis to demonstrate various characteristics. The sample is handled in such a way that its
composition is not altered during transport and precautions are envisaged to avoid a change in
composition caused by the temperature or storage method.
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2.2.2. Windrow composting technique:

Composting is a biodegradation process of 100% natural organic matter by microorganisms. This
involves transforming biomass (organic waste of plant and animal origin) into a product with high
humic value called "compost™ or stabilized organic manure without damaging the environment. The
process is simple and very easy to implement. It consists in developing green agriculture which
will restore the nutrients missing from the soil. The technique consists in degrading under controlled
conditions organic waste in the absence of oxygen then in the presence of oxygen, air and water
(moisture). It results in the production of a more or less stable product used to improve soil
quality(arable land). For good composting, it is recommended to mix the waste rationally to obtain a
good balance of the carbon/nitrogen ratio (C/N), adequate moisture and good ventilation [16].

For this, we used the following proportion: two for carbon (2C) and one for nitrogen (1N). Three
windrows were designed at the beginning of the process with 1 meter wide, 35 meters long and 1.5
meter high each. Note that green and wet materials are loaded with nitrogen and dry ones are loaded
with carbon. For windrows, the nitrogen layer is interposed between two carbon layers. The
composting methods and the nature of the material vary widely. The windrows allow larger quantities
of material to be composted. The sizes of the windrow depend on the size of the material used to
turnaround the compost. Larger ones complicate ventilation. The three windrows were watered and
then covered with plastic sheeting. A regular watering frequency of three times a week was adopted
during the first two weeks of composting. The plastic covering kept the temperature around 55°C for
two weeks. This practice destroys most pathogens and weed seeds [17]. A good turning of windrows
ensures uniform mixing of the material they are made of. This reduces the risk of hot spots, subject to
overheating or an accumulation of high moisture content materials that compromise microbial
activity. The frequency of turning depends on the evolution of water content and temperature. The
water content of the windrow usually decreases after turning, leaving room for air and oxygen
spaces. However, the temperature will rise rapidly over the next few hours and then
stabilize gradually. To maintain optimal microbial activity, ensure that the water content of the
compost is also optimal. Since overturning tends to mechanically break up the soil particles, turning
the compost too frequently can result in too fine particles. This reduces porosity and natural air
movement in the windrows. Avoid returning them frequently as this can increase nitrogen
losses. Compost needs time to mature and the degree of maturation corresponds to the degree of
humification, or conversion of organic matter into stabilized humus which resists bacterial
decomposition. For compost maturation, the size of the heap is less important than during the active
phases. To ensure high-value composting, wooden stakes (beacons) must be inserted at both ends and
in the center of the windrows. At maturity, the ends of the stakes buried in the heaps cool down and if
they are hot the decomposition follows its biological process. The compost was analyzed at the
Laboratory Soil-Water-Plants of the “Institutd” Economie Rurale” of Bamako.

2.2.3. Development of Pivot test:

The Pivot test is the experimental framework that served as a compost test on cultivated soils in the
Niger Office Area. The physicochemical parameters of the obtained compost are compared with those
of a liming amendment. Thus, the pivot is divided as follows:

e Portion 1: A 3-hectare unamended and unlimed control field (S1);
e Portion 2: A 2.5-hectare composted land (S2);

e Portion 3: A 2.5-hectare limed land (S3).

3. RESULTS AND DISCUSSION

3.1. Soil analysis:

The physicochemical analyzes of the three soil samples concerned pH, specific conductivity, organic
matter, nitrogen, assimilable phosphorus, exchangeable bases, cation exchange capacity, manganese
content and texture.

Tablel.Results of soil samples analyzes

Soil Variables

Sampl | pH | SpecificCon |[% [% [P,O|CE [Ca®[Mg [K™ [Na®|[Mn [ San | Sil|Cla

es duc VS | NO | 5 C * 2 meq | meq | pp | d t |y
T Ppm | meq | meq | meq | / / m | % % | %
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/ / / 100 | 100
100 | 100 [ 100 | g g
g g g
S1 5.6 | 031 02 100 [169 | 432|186 (092 |0.04] - 28 |94 |2 |4
3 2 1 3 2
S2 5.5 1049 0.2 100 [60.2 | 451|196 (098 |0.07] - - 27 (721
2 9 1 8
S3 5.5 1 0.36 05|00 [881 |435|1.86 (093 |0.06]- - 83 |11 |6
2 1 2

Compared to the IER guide for interpreting test results, the soils are slightly acidic with a pH ranging

from 5.52 to 5.63. These results are in line with those obtained during on-site sampling (pH between
5.5 and 6). The low specific conductivity value means that the soils are very slightly saline with a >
value of 0.25. For organic matter, the C/N ratio gives a relatively low quantity of nitrogen in the soils,
which prevents the decomposition of carbon rate. The critical threshold for organic carbon is 0.6%,
a soil is said to be organic when 18% of carbon is present. The total nitrogen critical threshold is
1.2%. The assimilable phosphorus critical threshold is 7 ppm. The analyzed soils are globally poor in
phosphorus. CEC results in too low a presence, which requires the supply of trace elements in the
soils. The results compared to the AFNOR standards show that the soils are predominantly sandy with
easy cation exchange. Ca®" ions largely dominate the exchange while alkaline ions remain relatively
negligible. Ca®* ions permissible threshold is close to 50% of CEC exchange and the critical threshold
is 0.20 meg/100g for K" ions. This creates competition between soil and plantation in a field due to
the scarcity of nitrogen, which prevents the decomposition of the amount of carbon. Manganese
content is very low in soils with a presence below the critical threshold (5 ppm). Manganese can have
a limiting factor on plant growth in sufficient or excess quantities. It is used in nitrogen assimilation
and plays a role similar to iron. When the pH is below 5.5, manganese is very soluble and symptoms
of toxicity are likely to appear in some plants. The use of trace elements is essential to correct nutrient
deficiencies.

3.2. Compost analyzes:

The composting process requires an optimal level of carbon, nitrogen, oxygen and water. A good
mixture of 100 % natural raw materials is used to make the compost with an optimal ratio of carbon
and nitrogen. It is essential to create good air circulation to supply oxygen to the microbes that will be
active in the compost. During the biodegradation of fermentable materials, heat, water, CO,and
ammonia (NHz) are released into the air. Mixing raw materials in appropriate proportions results in a
good moisture content and C/N ratio leading to a mature compost.

N.B.: Do not add liquid materials such as fresh manure to the pre-compost, otherwise possible
pathogens may be reintroduced into the formulation.

The formulated compost is of natural origin and is very rich in organic matter, nutrients (NPK) and
trace elements (Mn, Fe, B, ...) which corroborates the results obtained by Bernal et al ., 1998 [18].

Table2. Natural compost analysis results

Composition Content
pH 8-9
Organicmaterial 30 %
CIN 8.25 %
NOT 4%

P, Os 3%
Trace elements 1%
Humidity 20 %

In view of the results produced, the fresh formulated compost has an alkaline pH with a very rich
guantity of organic matter that is well decomposed according to the C/N ratio.

Carbon plays a very determining role in agricultural productivity. Carbon sequestration in the soil will
increase its organic matter content (fertility, productivity increase and food security). Various
experiments on carbon sequestration have been conducted around the world. A wide variety of long-
term comparative studies show that organic and sustainable systems improve soil quality by
increasing soil organic and carbon levels with increased microbiological activity[19]. The stock of
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organic carbon in natural soils has a dynamic balance between the input of plant debris and the loss
due to its decomposition (mineralization). Nitrogen, which is very important in agricultural
production, is present in different organic and inorganic forms (N2, N,O, NOs,, NOy, NH3, NH;") in
nutrient cycles [20]. Biological nitrogen fixation by certain plants such as legumes and the production
of mineral fertilizers have made a decisive contribution to the development of agricultural production.
Lack of nitrogen in the fields leads to the programmed death of the crop. Nitrogen is the ideal
component of proteins and other types of bonds (peptidic, nucleic in DNA and RNA). Plants absorb
nitrogen in mineral form (ammonium NH,* and especially nitrate NO3"). Therefore, organic nitrogen
must be mineralized by soil microorganisms. Soil is an important reservoir of nitrogen for plant
nutrition, hence its use in organic amendments to feed crops. The essential action of nitrogen as an
amendment concerns the upper part of plants: stems, branches and leaves.

Ideally, the C/N ratio should be in the range of 25/1 to 30/1, but this range may vary depending on the
material and conditions. Compost contains essential micronutrients such as manganese, which is used
in agriculture as a major contributor to various biological systems such as photosynthesis and
respiration [21].

After three months of composting, the windrow size has decreased significantly. The appearance of
mature compost is physically similar to soils with a dark coloration. The windrows matured with an
alkaline pH between 8 and 9. The total amount of 10 tons of compost is spread over an area of 2.5
hectares, i.e. 4 tons per hectare.

3.3. Effects of compost on agricultural soils:

The produced compost is compared to lime to assess their respective effectiveness in soil. In both
cases, they are spread on agricultural plots. Spreading is a technique of applying agricultural inputs to
the soil to correct a deficiency or improve yields. To amend a soil, is to make it more suitable for the
culture of plants. Naturally, some soils are more fertile than others because of their structure and
nutrient richness. However, compost acts both as an organic amendment and as a basic fertilizer [22].
In agriculture, the need for an organic amendment depends on the physical nature of the soil. The
better the soil is prepared, amended and enriched with compost, the more limited the use of chemical
fertilizers. To determine the role of compost in the field, it is recommended to apply it to a freshly
ploughed plot. In this study, an area of 2.5 hectares with a pH of 5.5 is amended by the freshly
produced compost. After a 72-hour observation of the amended area and rain watering, the measured
pH of the applied area is slightly basic (pH=8). A second ploughing of the amended area is necessary
to homogenize the soil in order to make the topsoil uniform before seeding. Two maize varieties from
the Bamako IER were sown on the 3 portions of the land.

Table3.Measured pH values

PH measurement in the 3 sown portions
pH (1% month) pH (2" month) pH (3™ month)
Compost 8.0 7.5 7.0
Lime 9.0 7.5 6.5
Control 5.5 5.0 4.0

The pH value in compost decreases gradually but very slightly in soils unlike that of lime which
decreases rapidly. This decrease is explained by the degree of mineralization of the organic matter and
the plant's need for nutrients. Soil organic matter is the main indicator of soil quality, both for
agricultural functions (production and economy) and environmental functions (carbon sequestration
and air quality). Organic matter is the main determining factor of all biological activities. The quantity
of fauna, its diversity, activity and microorganisms are directly related to the presence of organic
matter [10].

Composting has fundamentally changed soil texture:

- The percentage of sand decreased from 94% to 27%; while the percentage of silt increased from 2%
to 72%;however, the percentage of clay decreased from 4% to 1%.

- It should be pointed out that the sandy fraction has less favorable properties in terms of agronomic
value (slump permeability and poor in nutrients). The silty fraction plays a major role in soil fertility
as it has a high absorbency capacity and is rich in humus and nitrogenous nutrients. The clay fraction
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contains the finest elements, i.e. those with the largest specific surface area; like silt, it also plays a
decisive role in the management of soil fertility and stability.

Composting has also improved the assimilable phosphorus content from 16.93 to 60.28 ppm.
Furthermore, carbon levels increased from 0.22% in the control field to 0.29% in the composted plot.

In Burkina Faso, Sawadogo et al., showed that compost can be used to repair and restore degraded
soils [23]. This work showed that some physicochemical parameters (pH, total organic carbon, total
nitrogen, available phosphorus) increased slightly in the amended parts compared to the control. Thus,
this work corroborates the results we obtained.

4., CONCLUSION

The composting of the various organic materials lasted for 91 days, requiring a series of
watering and turning of the piles as needed. This practice led to the production of a dark-
colored, mature compost with a granular appearance and no foul odor .The nutritional value
of the compost is quite different from that of the raw materials that make up the mixture. As
water evaporates, carbon degrades and evaporates as CO,, the volume of the compost
decreases and phosphorus and most other nutrients become more concentrated. Part of
thenitrogen is lost during composting and another part is converted from readily available
forms (nitrate nitrogen NOs™ and ammonia nitrogen NH,") to more stable organic forms that
are slowly released to the crop. Its application on an experimental field showed a prolonged
release of its nutritional constituents over the agricultural campaign. The observation was
visible on the plantations with an efficient diffusion of nutrients throughout the crop.
Compost is a bio fertilizer formulated to provide the nitrogen-phosphorus-potassium (NPK)
requirements of plants, it leads to the limited use of chemical fertilizers. In short, composting
is a means envisaged to correct deficiencies related to agricultural soils. In the long term, it
helps to reinforce the soils’ capacity to improve their agricultural productivity at a lower cost
and in an easily achievable way. However, farmers don’t know this composting technique
which should beinstiled in average farmers. Nowadays, composting remains the main way to
correct and conserve soils at an optimal level of productivity.
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