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Abstract
Microplastics are an emerging global threat in all ecosystems and have potential negative effects through multiple exposure
pathways. In Mali, innovations such as the manufacture of chairs, sandals, decorative objects, etc. are being developed to reuse used
tyres in order to combat environmental pollution. The special feature of this study is the experimentation with old tyres in
agricultural plots to examine their effects on infiltration, runoff, moisture and soil loss. "Pneusol" works on the basis of gathering old
tyres, cutting them into arcs, and positioning them in the ridges perpendicular to the direction of flows. The experimental set-up
composed by control plot pair with a “pneusol” plot (30 m long and 10 m wide) has been installed on erosion crusted soil in
Djindjila. Each plot has been isolated by corrugated sheets 30 cm high above the ground, embedded 20 cm deep. The results show
the effectiveness of pneusol is quite significant, since it reduces the amount of water runoff by 34%, increase average moisture by
22.33% and reduce soil lost by 52.63% compared to control plot. The ability of tyres to limit runoff, improve infiltration and increase
soil moisture, thereby stimulating agricultural production, has been demonstrated in this study. This result offers interesting
prospects for farmers who are already experiencing the harmful effects of climate change. The effect of capturing and infiltrating
runoff water, combined with the soil amendment, make “pneusol” an effective agricultural production technique on degraded land,
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directly from the first year of implementation. Also, the repurposing of used tyres in a circular economy makes it possible to turn a
potentially problematic waste into a resource, promoting a more environmentally friendly and long-lasting model.
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1.  Introduction
It is undeniable that environmental degradation, the pressures of human activity on biodiversity and climate change are having a
considerable negative impact on populations and lifestyles (IPCC, 2022 ). Soil conservation has become even more important to
safeguard the natural resources of our world as the human population grows and the demand for land resources rises (Kestra et al.,
2016). Soils are essential but finite resource for maintaining life on Earth (Dagmar et al., 2005; Paustian et al., 1997 ). Preserving pure
water is just as important as conserving soil (Kumar, 2024 ). Reducing soil erosion and conserving water are major challenges for
achieving food security in sub-Saharan Africa (Akplo et al., 2022 ). AQ2

One of the best strategies to reduce soil erosion and associated degradation processes is the use of nature-based solutions such as soil-
vegetation (based on the concept of soil health) and Landscape solutions (based on the concept of connectivity) (Kestra et al., 2018 ).
However, in many cases, other strategies must be designed considering other available resources. More than 1.5 billion tyres are thrown
away annually (Innes, 2024 ; Williams, 2017 ), generating vast areas of soil contamination, even worse when they are burnt. The smoke
they give off causes serious health problems. Reusing tyres on a large scale could be a serious solution to this bulky waste. In
environmental terms, tyre management will be a serious problem if they are not recycled. Tyres are solid, heavy and reflective objects
because they are made of rubber. Luo et al. (2020 ) showed that tyre microplastics are identified as one of the most abundant types of
microplastics in water and soils and may directly or indirectly cause adverse impacts on the environment and human health.
Microplastics are an emerging global threat in all ecosystems and have potential negative effects through multiple exposure pathways
(Kumar et al., 2020 ; Rodríguez-Seijo et al., 2019). In Ngaoundéré (Cameroon), research has been carried out in 2016 to evaluate the
metal contamination of soils exposed to the burning of car tyres. In this study, 30 soil samples were collected in small wells and around
them in three sites where the incineration activity takes place. The results show that all of heavy metals have high levels in the studied
soils compared to the reference values used (Nga et al., 2016).

In recent years, the recycling of used tyres into construction and road materials has emerged as a potential innovative solution to the
growing used tyre dilemma (Mohajerani et al., 2022 ). There has been growing interest in the use of recycled tyres in civil engineering
applications, particularly in the context of retaining structures, slope stiffening, tracks with non-cohesive materials of low stability, energy
absorbers, lightweight backfill on compressible soils. This aspect is clearly visible in the study on the effect of the use of rubber grains on
the shear strength behaviour of sand from the river Chlef in Algeria (Kheira & Ahmed, 2019 ).

In 2019, 300 tyres were recycled to transform rubbish dumps in Conakry's Ratoma district. In 2020, more than 500 tyres were recycled to
decorate small crossroads in Taouyah, in Conakry's Ratoma district. In 2021, production has been tripled to reach the recycling target of
1,500 tyres. The area of operation is due to be extended to other districts and communes in the city of Conakry (Initiatives Climat, 2021 ).
In Mali, innovations such as the manufacture of chairs, sandals, decorative objects, etc. are being developed to reuse used tyres to
combat pollution (Dagnoko, 2017 ).

Experiments or trials highlighting the importance of recycling and reusing old tyres, and how to apply the technology in farmers' fields
to increase agricultural productivity is not widespread. Especially, the technology does not exist in the WOCAT database with more than
1446 Sustainable Land Management Technologies and 549 Sustainable Land Management Approaches. Some authors defined the soils
where tyres are integrated into the soil profiles after long term as “Pneusoil” or “Tyresoil”. It can be defined as the association of two
elements, used tyre and soil (Long, 1993; Abdurahman, 1995 ).

To avoid a simple accumulation of this product and find a utility for the Pneusoils, we designed an experimental trial with used tyres in
agricultural fields was designed to examine their effects increasing infiltration and reducing runoff and soil loss. The experimental set-up
was composed by a control plot compared to a “pneusol” one (30 m long and 10 m wide) which has been evaluated on highly eroded
crusted soils, located in Djindjila (Mali). Each plot has been isolated by corrugated sheets 30 cm high above the ground, embedded 20
cm deep. Its efficiency as soil erosion control measure will be tested but at the moment the logical effects of soil contamination due to
micro-plastic contents, which is also a key topic nowadays (Rodrigo-Comino & Seeger, 2024 ), will be omitted.

2.  Methodology
2.1.  Study Area
The trial was conducted during the 2023 rainy season in the village of Djindjila, located in the rural commune of Meguetan which
experiences a Sudanese-Sahelian climate (Coulibaly, 2022 ). The zone is characterized by three distinct seasons: (i) the hot dry season
lasts from February to June, marked by winds throughout the day and night. The period is characterized by relatively low humidity and
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high evapotranspiration; (ii) the cool dry season occurs from November to February, with relatively low wind and temperature; and, (iii)
the wet, warm season from June to October, being the most favourable period for vegetation growth. Throughout the year, the
temperature in varies between 17 and 45 °C, while the average annual rainfall ranges from 700 to 900 mm.

Djindjila is characterized by hydromorphic soils (IUSS-WRB, 2022). These have an average depth of about 125 cm at foot slopes and are
considered heavy and challenging to work by farmers. Approximately, 41% of Méguétan farmers cultivate this soil and the main crops
grown in these soils are sorghum, maize and millet (Coulibaly, 2022 ). They are also affected by streams or temporary channels, which
can be transformed into rills and ephemeral gullies after strong rainfall events. These soils also experience gleyfication in very deep
horizons (140 cm) located in the temporary flood zone of the swamps. Tropical ferruginous soils can be found on spreading pediments
with a depth of 140 cm. They account for a significant portion of the zone's land and are utilized for cultivating sorghum, cotton, millet,
and maize. We can also find soils with high gravel content and crust blocks which are less prevalent in the area. They have a depth of
less than 50 cm and are not suitable for mechanization using animal traction. The main crops grown in these soils include cowpeas,
sorghum, millet, and groundnuts. Finally, leptosoils located in slightly sloping areas have a shallow crust of about 25 cm (International
Union of Soil Sciences, 2022 ).

Soil management is primarily focused on both food and cash crop, although there are still some underexploited plains. Various food
crops cultivated in the region include Zea mays (maize), Pennisetum glaucum (millet), Sorghum bicolor (sorghum), Oryza sativa (rice),
Vigna unguculata (cowpea) and Vigna subterranea (wandzou). Cash crops, on the other hand, consist of Gossypium spp. (cotton), Rachis
hypogaea (groundnut) and Sesamum indicum (sesame). Also, some fruit trees can be found such as Vitellaria paradoxa (shea), Parkia
biglobosa (néré), Khaya senegalensis (baobab), Coccoloba uvifera (grape) as well as plantations such as Magifera indica (mango), orange
trees, Psidium guajava (guava), Citrus limon (lemon) and Anacardium occidentale (cashew). However, agricultural sector in the region
faces several challenges including: (i) non-degradation of plastic waste in nature; (ii) loss of land due to erosion and soil poverty; and,
(iii) the scarcity and irregular distribution of rainfall. To address these challenges and enhance agricultural productivity, farmers use a
combination of agricultural inputs. These inputs include chemical fertilizers like diammonium phosphate, urea, cereal complex, and
cotton complex, as well as organic fertilizers like manure and other organic materials (Coulibaly, 2022 ). By utilizing a mix of these
inputs, farmers aim to improve soil fertility and enhance crop yields in the area.

2.2.  Experimental Setup
The experimental set-up (Fig.  1 ) has been installed on erosion crusted soil in Djindjila. It was composed of a complete randomized
block with two repetitions A and B. Each block consisted of two plots (30 m long and 10 m wide) each receiving a specific treatment: a
control plot pair with a “pneusol” plot. Each plot has been isolated by corrugated sheets 30 cm high above the ground, embedded 20
cm deep. The principle behind "pneusol" is to collect used tyres, cut them into arcs and place them in the ridges perpendicular to the
direction of flows (see Figs.  1 , 2 ).

Fig. 1

Illustration of experimental setup

Fig. 2

Image of the tyres in the plot
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2.3.  Estimating Runoff and Erosion
First, a Time-Domain Reflectometry (TDR) probe at 10 days intervals was sampled to measure soil moisture in both managed and
control plot. Runoff and soil loss were measured using soil erosion plots after building two experimental areas. Water runoff, noted Lr,
expressed in millimetres, corresponding to the quantity of rain that did not infiltrate the soil was then measured. Its value has been
calculated from the volume of water runoff measured from the barrels (Eq.  1 ) (Le Bissonnais et al., 1996 ).

The runoff coefficient (Cr) is expressed as a percentage, and represents the proportion of precipitation (P in mm) that did not infiltrate
the soil. It was determined using Eq.  2  designed by Le Bissonnais (Le Bissonnais et al., 1996 ).

For the erosion measurement, after each rainfall event resulting in runoff, the water collected in the drum has been thoroughly mixed
and a 1 L sample has been taken. These samples are then sent to the laboratory for oven drying and weighing of the sediment. These
data are scaled to determine sediment erosion and nutrient content per hectare.

The total soil loss has been calculated using Eq.  3  (Kouelo, 2016 ):

Tf = sediments deposited at the bottom of the tanks; Vr: volume of runoff; Cs: Sediment load and Qa: amount of aliquot taken.

2.4.  Crop Growth Parameter
This operation was carried out by selecting 10 plants in each experimental unit on days 30, 45 and 60 after plantation. Observations
were made on each plot in accordance with the experimental protocol throughout the trial and focused on: (i) measurement of plant
height (from the crown to the terminal bud); (ii) diameter at the crown (using a calliper); (iii) number of leaves by counting the number
of leaves on each plant; (iv) weighting of 1000 seeds to assess the physiological maturity. After harvesting, the panicles were dried and
dehulled. The seeds were weighed to determine the weight of 1000 seeds. AQ3

2.5.  Statistical Analysis
A three-way ANOVA using PROC MIXED procedure was conducted. Tillage system and fertilizer input rates were taken as a fixed effect,
while pneusol was considered as a random effect. Significant fixed effects were further dissected by extracting means and performing
Tukey’s Honestly Significant Difference pairwise comparisons with an alpha of 0.05. The normality and homogeneity of the data for
each variable were tested by the Shapiro–Wilk test (Shapiro & Wilk, 1965 ) and by Bartlett’s test (Bartlett, 1937 ), respectively. All
statistical analyses were conducted in SAS9.4 (SASInstitute, 2013).

3.  Results and Discussion
3.1.  Effect of Treatment on Soil Moisture
For the management of water resources and agricultural productivity, soil moisture is essential (Gupta et al., 2024 ). Figure  3  shows the
effect of treatment on soil moisture over time for both the control plot and the Pneusol-treated plot. The soil moisture levels are
plotted across different dates, highlighting the differences between the two treatments. At initial condition, the control plot starts with
a soil moisture level of 15.33%, while the Pneusol-treated plot has a higher value at 16.8%. This indicates that the pneusol treatment
potentially retains more moisture than the control initially. Both plots reach their peak soil moisture levels on September 8, 2023. The
control plot has 19.21%, while the Pneusol plot reaches 22.33%. The consistent higher value for the pneusol treatment indicates that it
is more efficient at retaining moisture. The results showed that moisture levels were always higher in the managed plots than the
controls one. Previous studies show that contour ridging, slope ridging, and no-tillage (Akplo et al., 2022 ) mulch which is widely
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recognized (Araya et al. 2015; Toom et al., 2019 ) and crop residues as mulch at the soil surface (Balesdent et al., 2000 ) maintain soil
moisture.

Fig. 3

Effect of treatment on soil moisture over time

3.2.  Effect of Treatment on Runoff Coefficient
The ability of tyres to reduce the runoff coefficient (Fig.  4 a) and the amount of water collected (Fig.  4 b) after rainfall has been
observed. The control plot had the highest runoff coefficients, which led to the migration of soil particles.

Fig. 4

Runoff coefficient (a) water collected (b)

The results of Zoure et al. (2017 ) in Burkina Faso show that agricultural practices reduce runoff by almost 30% (± 5%). Pneusol provides
a better runoff rate, but the scientific literature does not contain any contradictory publications. This finding agrees with the result of
(Abu-Zreig et al., 2011 )., which indicated that plots with 5% and 15% rock fragment coverage had runoff depth reductions of 17% and
30%, respectively, as compared to the control. In their overview of soil and water conservation, (Gachene et al., 2019) also confirm
that crop management practices (Nyawade et al., 2018b), conservation tillage, soil management practices (Otieno et al., 2018 ;
Rodrigues et al., 2018 ), contour farming and Contour Bands (Thierfelder & Wall, 2009 ), grass strips and vegetative buffers, diversion
bitches, infiltration ditches, waterways, terraces, water retention pits, structural measures of soil and water conservation slow down
runoff. A study on the effect of tillage and mulching on soil water erosion in Linsinlin watershed, centre of Benin indicated that these
factors were significant on decreasing runoff and soil loss (Akplo et al., 2017 ).

3.3.  Effect of Treatment on Soil and Nutrient Losses
Pneusol consistently shows reduced nutrient loss across all parameters (nitrogen, phosphorus, and potassium) as well as soil loss
compared to the control (see Fig.  5 ). It is effective at minimizing nutrient runoff, which could lead to better soil fertility retention. The
results concerning soil loss corroborate those of Ouédraogo et al. (2019) in Burkina Faso, Bwandamuka et al. (2021 ) in R D Congo,
Dicko et al., 2022  at Katibougou research station (Mali), and Akplo et al. (2022 ) in central Benin. All these studies have demonstrated
that soil and water conservation managed plots have a much greater tendency to reduce soil and nutrients loss than control plots.
Using Soil and Water Conservation (SWC) measures on farmland greatly enhanced the majority of the soil's physicochemical
characteristics when compared to farms that did not use SWC measures. SWC measures have been developed to reduce soil loss
(Leykoun et al., 2023 ). In southern Ethiopia, the study on assessing soil erosion and farmers' decision of reducing erosion for
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sustainable soil and water conservation showed that farmers were using traditional techniques to reduce erosion and that the
government had introduced conservation measures such as soil and stone bunds (Djillo et al., 2024 ).

Fig. 5

Soil (a) and nutrient (b) loss under pneusol and control plot

3.4.  Effect of Treatment on Crop Growth Parameters
The need to effectively maximize the use of arable land through the adoption of sustainable agricultural practices will grow as
agriculture attempts to fulfil the expanding demands of a growing human population for enough food and textiles (Lizotte & Locke,
2018 ).

For this reason, effective soil management practices need to be implemented on agricultural land. Regarding soil and nutrient loss, the
results showed a significant effect of the use of used tyres. During the experiment, not only number of leaves but also plant height and
the diameter have progressively increased (see Fig.  6 ). According to Pieters et al. (2022 ), plants are complex organisms that are
subject to a variety of environmental factors that dynamically affect their physiology and phenotypic. An intriguing substitute for
conditioning their surroundings is the use of used tyres as a Soil and Water Conservation (SWC) strategy, particularly in the Sahelian
context where temperatures are rising more frequently.

Fig. 6

Effect of treatment on Diameter (a), Plant height (b), Number of leaves (c)

The average grain and straw yields attained during the experiment has been determine in this study. We note that the yields from
pneusol plots (2,816 kg/ha) are higher than those from the control plot (2,035 kg/ha). Similarly, the biomass obtained on the managed
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plot was 5,608 kg compared with 4,988 kg/ha for the control plot. The results of the study conducted in drought agro-ecological zones
in Rwanda showed that all water conservation techniques tested had a highly significant (P < 0.001) impact on maize grain yield and
yield components, including plant height, cob diameter and length, number of leaves, 100 grain weight, and yield per plant
(Uwizeyimana et al., 2018 ).

4.  Challenges
Almost 280 million tyres reach the end of their useful life every year around the world. This figure underlines the importance of finding
effective solutions for managing this waste. Although around 30 million tyres are reprocessed or reused, a significant proportion
(around 250 million) require appropriate management, either through safe disposal or recycling. Used tyres are not just waste, they are
also a resource. They can be transformed into a multitude of useful products, from sports surfaces to building materials and everyday
objects. The main stages in tyre recycling, are shredding the rubber; removing the steel and textile fibres; cryogenic shredding; and
pyrolysis. In terms of challenges and prospects, it is important to further develop tyre recycling and reuse. Recycling this waste offers a
number of advantages, including a reduction in the environmental footprint, the creation of new resources and economic development.
Recycling and reusing tyres are essential solutions for managing this waste in a sustainable way and recovering a resource that would
otherwise be lost. The use of used tyres as a water and soil conservation technique is a technological innovation that could improve tyre
reuse processes.

5.  Conclusion
This study demonstrates the impressive benefits of using used tyres as a water and soil conservation technique. The technique's ability
to limit runoff by 34% and add moisture to the soil by 22.33%, thereby boosting agricultural production by 2,816 kg/ha through the
retention of soil particles and nutrients, was highlighted. This result offers interesting prospects for farmers who are already suffering the
adverse effects of climate change, particularly in the West African context, which is prone to erosion and unpredictable pockets of
drought. Tyres are economical and therefore competitive with traditional materials and are easy to install. Old tyres are a waste product
that is well spread throughout the country and, overall, easy to find, collect, transport and use. Reusing them promotes the circular
economy by turning a potential source of pollution into a beneficial resource for both agriculture and the environment. Despite the
achievement of research objectives highlighting the use of used tyres in water and soil conservation, it would be interesting to
investigate the potential toxic leachate from the rubber material.
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