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Abstract

The Sahel region in Africa, characterized by semi-arid conditions, faces significant challenges such as
food insecurity, soil degradation, and the impacts of climate change. This study aimed to evaluate the
impact of Conservation Agriculture (CA) practices on maize yield and soil health in the Sahel, focusing
on the effects of minimum tillage, residue retention, and crop rotation. A randomized complete block
design (RCBD) was used across four study sites in western Burkina Faso, with treatments including
CA+ (minimum tillage, residue retention, crop rotation), CA- (minimum tillage without residue
retention), conventional tillage with residue retention, and conventional tillage with no crop rotation.
Soil samples were analyzed for organic carbon, moisture content, and nutrient availability, while maize
yield was assessed at harvest. The results indicated that CA+ significantly increased maize yield by
23%, compared to conventional tillage practices. Soil organic carbon levels increased by 25%, and soil
moisture content was higher in CA+ plots, especially during dry periods. Nutrient availability,
including nitrogen and phosphorus, was also enhanced under CA+ practices. Statistical analysis
revealed that CA practices improved soil structure and moisture retention, leading to better maize
productivity. The study concluded that CA practices, particularly when integrated as a comprehensive
package, can enhance maize yield and soil health in the Sahel, offering a sustainable solution to address
the region’s agricultural challenges. The findings underscore the potential of CA to increase resilience
to climate variability, improve soil fertility, and contribute to long-term agricultural sustainability.
Future research should focus on long-term evaluations and expanding CA adoption among smallholder
farmers in the region.

Keywords: Conservation agriculture, maize yield, soil health, Sahel, semi-arid, residue retention,
minimum tillage, crop rotation, soil organic carbon, water retention

1. Introduction

The Sahel region of Africa faces a critical and persistent challenge at the nexus of food
security, environmental degradation, and climate change, where subsistence agriculture
forms the backbone of livelihoods for a majority of the population I 2, This semi-arid zone,
characterized by erratic rainfall patterns, high temperatures, and fragile ecosystems, is
experiencing escalating pressure from population growth, leading to unsustainable land use
practices >4, For decades, conventional farming in the Sahel, dominated by intensive tillage
using implements like the moldboard plow, has been a primary driver of soil degradation [,
Such practices disrupt soil structure, accelerate the decomposition of soil organic matter
(SOM), increase susceptibility to wind and water erosion, and lead to the formation of
restrictive hardpans, which impede water infiltration and root growth & 7. Consequently,
agricultural productivity, particularly for staple crops like maize (Zea mays L.), has
stagnated or declined, threatening the food and nutritional security of millions [® °1. Maize is
fundamentally important to the region's diet and local economies, but its production is
severely constrained by low inherent soil fertility, characterized by deficiencies in nitrogen,
phosphorus, and organic carbon ['% 11, The continuous removal of crop residues for livestock
feed or fuel further exacerbates this nutrient depletion, disrupting essential biogeochemical
cycles and diminishing the soil's capacity to retain moisture—a critical factor in a water-
scarce environment 12231, This cycle of degradation not only reduces crop yields but also
diminishes the resilience of agroecosystems to climate shocks, such as prolonged droughts
and intense rainfall events, pushing smallholder farmers into a deeper
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state of vulnerability * 5. In response to this multifaceted
crisis, a paradigm shift towards more sustainable and
resilient agricultural systems is imperative. Conservation
Agriculture (CA) has emerged globally as a promising
alternative, founded on three core, interlinked principles:
minimal soil disturbance (no-tillage or reduced tillage),
permanent organic soil cover (through crop residue retention
or cover crops), and diversified crop rotations 16 171, By
minimizing soil disturbance, CA helps preserve soil
structure, enhance water infiltration, and reduce erosion [81,
The retention of crop residues on the soil surface protects
against erosive forces, conserves soil moisture by reducing
evaporation, moderates soil temperature, and contributes to
the gradual buildup of SOM [® 20 Diversified crop
rotations, particularly those including legumes, can improve
soil fertility through biological nitrogen fixation, help
manage pests and diseases, and enhance biodiversity 24,
Numerous studies from various agroecological zones have
demonstrated the potential of CA to restore soil health,
improve water use efficiency, and stabilize or increase crop
yields over the long term [22 281, Recent work in the specific
context of western Burkina Faso has shown that four years
of continuous conservation agriculture practice can
significantly improve soil fertility and maize yields,
highlighting its local applicability and benefits 241, Despite
the growing body of evidence supporting CA, its adoption
and performance in the unique biophysical and
socioeconomic context of the Sahel remain variable and are
not yet comprehensively understood 2> 261, There is a critical
knowledge gap regarding the site-specific impacts and
synergistic effects of different CA component combinations
on maize productivity and soil health indicators under the
region's specific constraints 271, Therefore, this study was
designed to systematically evaluate the effects of various
CA practices on maize yield and key soil health parameters
in the Sahel. The primary objectives were: (i) to quantify the
individual and combined effects of minimum tillage, residue
retention, and crop rotation on maize grain yield; (ii) to
assess the impact of these practices on soil moisture content,
soil organic carbon, and nutrient availability; and (iii) to
identify the most effective CA package for enhancing maize
productivity and sustainability for smallholder farmers in
the Sahelian context. We hypothesized that the integrated
application of all three CA principles (minimum tillage,
residue retention, and diversified rotation) would result in
significantly higher soil moisture retention, improved soil
fertility, and consequently, greater and more stable maize
yields compared to conventional tillage practices and
incomplete CA packages.

Material and Methods

Material

This study was conducted in the Sahel region of West
Africa, specifically in the agroecological zone of western
Burkina Faso, where smallholder maize production is
prevalent. The study area is characterized by semi-arid
conditions, marked by erratic rainfall patterns, high
temperatures, and low soil fertility [*- 2, A total of four study
sites were selected based on varying levels of land
degradation and previous agricultural practices. Soil
samples were collected from the surface (0-20 cm) to
determine key soil health parameters, including soil organic
carbon (SOC), soil moisture content, and nutrient
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availability. The primary crop selected for this study was
maize (Zea mays L.), a staple crop in the region whose yield
is highly dependent on soil fertility (8],

The materials used for soil amendment included crop
residues from the maize and legume crops, and additional
inputs such as organic fertilizers (composted manure) were
applied where necessary. The study also incorporated
different crop rotations, including maize-legume rotations,
which are known to improve soil fertility through biological
nitrogen fixation 4. Standard laboratory methods were
employed to analyze the soil for nitrogen (N), phosphorus
(P), and potassium (K) content, as well as pH and organic
carbon content [> 19, All study sites were equipped with rain
gauges to record rainfall, and soil moisture was monitored
using gravimetric sampling and soil moisture probes.

Methods

This study employed a randomized complete block design
(RCBD) with four treatments: (i) minimum tillage with
residue retention and crop rotation (CA+), (ii) minimum
tillage without residue retention (CA-), (iii) conventional
tillage with residue retention, and (iv) conventional tillage
with no crop rotation. These treatments were replicated
three times across the four study sites. The minimum tillage
practice involved using a reduced tillage technique that
disturbed the soil to a minimal depth, compared to the
conventional practice, which involved plowing with a
moldboard plow 8],

Each treatment plot was planted with maize following the
respective soil management practices. Maize was planted
using the local planting density (50,000 plants ha™!) at the
beginning of the rainy season. Soil moisture content was
monitored throughout the growing season, with
measurements taken every 2 weeks during the growing
period 4, Maize grain yield was recorded at harvest, and
the maize cob size, number of ears per plant, and 1000-grain
weight were also measured to assess overall productivity.
Soil health was evaluated by measuring changes in SOC,
pH, nutrient availability, and water retention capacity before
and after the cropping cycle % 2, In addition, crop residues
from the maize and legume crops were left on the soil
surface in specific plots to assess the effects of residue
retention on soil fertility and moisture retention [19 201,
Statistical analysis was performed using analysis of variance
(ANOVA), and treatment means were separated using
Tukey’s HSD test at a significance level of p<0.05 25261,

Results

Soil Health Parameters

The results showed significant variations in soil health
indicators between the different treatments. Before the
implementation of conservation agriculture (CA) practices,
the average soil organic carbon (SOC) content across all
study sites was 0.82%, which is considered low for maize
production (10). However, following the CA+ treatment
(minimum tillage with residue retention and crop rotation),
SOC content increased by 25%, reaching 1.03% by the end
of the growing season. This increase was statistically
significant (p<0.05) compared to conventional tillage

treatments, where SOC levels increased only by 5% (0.86%)
[22, 23],
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Similarly, soil moisture content, which is crucial for maize
productivity in the semi-arid Sahel, was significantly higher
in the CA+ plots. The average moisture content in CA+
plots during the growing season was 14.5%, compared to
11.8% in the conventional tillage plots. The difference was
particularly noticeable during periods of dry spells, where
CA+ plots retained moisture for a longer period 1% 20, The
moisture retention ability of CA practices was attributed to
the organic cover provided by crop residues, which acted as

a barrier to evaporation and enhanced soil water infiltration
[19, 20]

The nutrient availability, measured through the
concentration of nitrogen (N), phosphorus (P), and
potassium (K), was also improved in the CA+ treatment.
Nitrogen levels were found to increase by 16%, from an
initial 0.17% to 0.20%, while phosphorus levels increased
by 18%, from 4.9 mg/kg to 5.8 mg/kg. Potassium levels
remained relatively stable across all treatments, with only a
4% increase observed in the CA+ plots. These changes
indicate that residue retention and crop rotation, particularly
with legumes, enhanced nutrient cycling and availability 22,

Maize Yield

The most significant findings were related to maize yield.
The average maize yield in the CA+ plots was 3.3 tons per
hectare, which was 23% higher than the conventional tillage
with no residue retention (2.7 tons per hectare). Statistical
analysis (ANOVA) confirmed that the increase in maize
yield was statistically significant (p<0.05) for CA-+
compared to all other treatments. This finding aligns with
previous studies that demonstrated the positive effects of
CA on maize productivity 23241,

The CA- treatment (minimum tillage without residue
retention) also showed a modest increase in maize yield (3.0
tons per hectare), which was higher than conventional
tillage (2.7 tons per hectare) but significantly lower than the
CA+ treatment. These results suggest that residue retention
plays a key role in enhancing maize productivity in the
Sahel, as it helps to maintain soil moisture and improve
nutrient availability (1% 201,
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Statistical Analysis

A two-way analysis of variance (ANOVA) was performed
to test the effects of different CA practices on maize yield
and soil health indicators. The results indicated significant
differences between the treatments for maize yield (F =
8.23, p<0.05), SOC (F = 6.47, p<0.05), and soil moisture
content (F = 7.89, p<0.05). Post-hoc Tukey's HSD test
confirmed that the CA+ treatment significantly
outperformed all other treatments in terms of maize yield
and soil moisture retention, while conventional tillage
practices showed the lowest performance in both yield and
soil health parameters 25 261,

The regression analysis also highlighted a strong positive
correlation (r = 0.76) between SOC and maize Yyield,
suggesting that higher organic carbon content is a key driver
of productivity in the Sahel [, Additionally, soil moisture
retention was positively correlated (r = 0.62) with maize
yield, confirming the importance of moisture conservation
practices in the region's water-scarce environment (21,

Explanation

The increase in soil organic carbon and moisture content in
the CA+ plots is consistent with other studies on
conservation agriculture, which have demonstrated that
reduced tillage and residue retention can significantly
improve soil structure, enhance water infiltration, and
reduce evaporation ('8, The higher nitrogen and phosphorus
levels in the CA+ plots likely resulted from the biological
nitrogen fixation provided by legumes in the crop rotation
(211 as well as the mineralization of organic matter. These
findings suggest that the integrated application of minimum
tillage, residue retention, and crop rotation is highly
effective in enhancing soil fertility and maize productivity
in the Sahel.

Moreover, the results highlight the potential of conservation
agriculture to mitigate the effects of climate variability in
the Sahel, particularly in relation to droughts and rainfall
unpredictability. By improving soil moisture retention and
fertility, CA practices enhance the resilience of smallholder
farmers to climate shocks (14 251,

Table 1: Soil Organic Carbon (SOC) Content across Treatments

Treatment Initial SOC (%) Final SOC (%) Percentage Change (%)
CA+ (Minimum Tillage, Residue Retention, Crop Rotation) 0.82 1.03 25%
CA- (Minimum Tillage, No Residue Retention) 0.82 0.86 5%
Conventional Tillage, Residue Retention 0.82 0.90 9.8%
Conventional Tillage, No Crop Rotation 0.82 0.87 6.1%

Table 2: Soil Moisture Content during the Growing Season

Treatment Average Soil Moisture (%)
CA+ (Minimum Tillage, Residue Retention, Crop Rotation) 14.5%
CA- (Minimum Tillage, No Residue Retention) 11.8%
Conventional Tillage, Residue Retention 12.2%
Conventional Tillage, No Crop Rotation 11.5%

Table 3: Maize Yield across Treatments

Treatment Maize Yield (tons/ha)
CA+ (Minimum Tillage, Residue Retention, Crop Rotation) 3.3
CA- (Minimum Tillage, No Residue Retention) 3.0
Conventional Tillage, Residue Retention 2.9
Conventional Tillage, No Crop Rotation 2.7
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Fig 1: Maize Yield Comparison Across Treatments

Fig 2: Soil Organic Carbon (SOC) Change by Treatment

Fig 3: Soil Moisture Retention over Time
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Discussion

The results of this study provide strong evidence that
conservation agriculture (CA) practices, particularly
minimum tillage, residue retention, and crop rotation,
significantly enhance maize yield and improve soil health in
the semi-arid Sahel region. The findings are consistent with
the broader body of literature on CA, which has shown that
these practices contribute to improving soil structure,
enhancing water retention, and increasing nutrient
availability, all of which are critical factors in semi-arid
environments 1% 201, Specifically, the observed 23% increase
in maize yield under the CA+ treatment is in line with
similar studies conducted in other parts of sub-Saharan
Africa, which have also reported increased yields due to CA
practices. For instance, in Zambia, Thierfelder and Wall
(2010) 8 reported a 25% increase in maize yield under CA
conditions compared to conventional tillage, supporting the
assertion that CA enhances maize productivity by improving
soil health and moisture retention.

The observed improvement in soil organic carbon (SOC)
content, particularly in the CA+ treatment, is a key finding
of this study. Previous research has shown that CA
practices, such as residue retention and reduced tillage,
enhance the buildup of organic matter in the soil, which in
turn improves soil fertility and water retention (18). For
example, Rockstrom et al. (2009) [14 found that
conservation agriculture practices in East and Southern
Africa led to improved soil fertility and water-use
efficiency, resulting in higher crop yields. The 25% increase
in SOC observed in this study is similar to findings from
other regions. For example, a study by Tittonell et al. (2013)
1 reported a 20-30% increase in SOC after four years of CA
implementation in Africa, indicating the long-term benefits
of CA in restoring soil health. The increase in soil moisture
content in the CA+ plots is also consistent with findings
from other studies. Erenstein (2002) [ reported that CA
practices helped improve water retention in the soil by
reducing evaporation and increasing water infiltration.

The positive correlation between SOC and maize yield in
this study (r = 0.76) further supports the findings of
previous research, which has consistently shown that higher
organic carbon levels contribute to increased maize
productivity. Similarly, the correlation between soil
moisture retention and maize yield (r = 0.62) is consistent
with the work of Cooper et al. (2008) 131, who found that
CA practices improve soil moisture retention and help crops
withstand periods of water scarcity.

A noteworthy aspect of this study is the assessment of the
effects of different CA treatments, including the CA-
treatment (minimum tillage without residue retention).
Although this treatment resulted in an increase in maize
yield compared to conventional tillage, the yield was still
significantly lower than in the CA+ treatment. This finding
highlights the importance of residue retention in CA
practices. Studies by Hobbs et al. (2008) ! and Baudron et
al. (2012) ) have emphasized the importance of crop
residue retention in improving soil fertility and moisture
retention, which are critical for sustaining high maize yields
in semi-arid regions.

In comparison with other studies in the Sahel, the findings
of this study align with recent work in western Burkina
Faso, where the application of CA practices was shown to
improve soil fertility and maize yields over a four-year
period (Coulibaly et al., 2023) 4. However, the adoption of
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CA practices in the Sahel is still limited, primarily due to
socio-economic factors such as labor availability and the
cost of inputs (Sivakumar, 2007) . Therefore, while the
results of this study demonstrate the potential benefits of
CA, they also highlight the need for policy interventions and
extension services to encourage the adoption of these
practices among smallholder farmers in the region.

The role of legumes in crop rotations, as demonstrated by
the improvement in soil nitrogen levels in the CA+ plots, is
another important aspect of this study. Legumes are known
to fix atmospheric nitrogen, which improves soil fertility
and reduces the need for chemical fertilizers (Vanlauwe et
al., 2015) [, This finding is consistent with studies by
Tittonell and Giller (2013) 1, who showed that crop
rotations including legumes significantly enhanced soil
fertility and increased crop yields in Africa.

Although the results of this study are promising, there are
limitations that need to be addressed in future research. The
study was conducted over one growing season, and while
significant improvements were observed in maize yield and
soil health, the long-term impacts of CA practices on soil
fertility and maize productivity remain uncertain. Future
studies should focus on assessing the sustainability of these
practices over multiple growing seasons and evaluating their
effects on other crops in the rotation. Moreover, the socio-
economic factors influencing the adoption of CA practices
in the Sahel need to be explored further to identify barriers
and opportunities for scaling up these practices.

Conclusion

This study has provided substantial evidence regarding the
positive impacts of Conservation Agriculture (CA) on maize
yield enhancement and soil health in the Sahel region, an
area facing significant agricultural challenges due to climate
change, soil degradation, and water scarcity. The results
demonstrated that the adoption of CA practices, particularly
minimum tillage, residue retention, and crop rotation, led to
significant improvements in soil organic carbon (SOC), soil
moisture retention, and nutrient availability, all of which are
critical factors for sustainable maize production in semi-arid
environments. Notably, the CA+ treatment, which combined
all three core principles of CA, resulted in a 23% increase in
maize yield compared to conventional tillage practices. This
increase is a strong indication that CA practices can enhance
the productivity of maize crops, which is vital for food
security in the region. Furthermore, the study found that soil
health parameters, such as SOC and soil moisture content,
showed marked improvements under CA, reinforcing the
notion that CA plays a crucial role in restoring degraded
soils and enhancing their capacity to support crop growth
under water-limited conditions.

The findings from this study align with numerous global
studies on CA, which consistently report improvements in
soil health, water retention, and crop yields. The increase in
soil moisture retention, in particular, highlights the critical
role of CA in enhancing the resilience of agricultural
systems to climate variability, a key challenge in the Sahel
region. The positive correlation between SOC and maize
yield further underscores the importance of organic matter
in improving soil fertility, moisture retention, and ultimately
crop productivity. These results demonstrate that CA, when
implemented comprehensively, can address multiple
agricultural challenges, such as soil degradation, water
scarcity, and declining vyields, while simultaneously
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improving the overall sustainability of farming systems in
the Sahel.

Despite the promising outcomes observed in this study, the
adoption of CA in the Sahel remains limited, primarily due
to socio-economic barriers, including the additional labor
required for implementing CA practices and the perceived
costs of adopting such techniques. Smallholder farmers in
the region, who are already struggling with low productivity
and limited resources, may find it difficult to transition from
conventional farming practices to CA without adequate
support. Therefore, it is crucial to promote a holistic
approach to the adoption of CA that includes not only
technical training and capacity-building for farmers but also
incentives and policy support from governments and NGOs.
Financial assistance, such as subsidies for purchasing
equipment or organic fertilizers, could help ease the initial
transition costs. Additionally, farmers should be provided
with comprehensive extension services that emphasize the
long-term benefits of CA practices, including increased
resilience to climate change, improved yields, and enhanced
soil health.

Practical recommendations from this study include
expanding the implementation of CA practices in the Sahel,
with a focus on increasing awareness and providing
incentives for smallholder farmers. Governments and NGOs
should invest in training programs for farmers, particularly
on the benefits of crop rotation, residue retention, and
minimal tillage. Furthermore, local agricultural extension
services should play a critical role in guiding farmers
through the adoption process, ensuring they understand the
technical aspects of CA and its positive impact on soil
fertility and productivity. Research institutions should
continue to monitor and evaluate the long-term impacts of
CA, focusing on both environmental and socio-economic
factors. This will help identify the most effective CA
packages for different agroecological zones within the Sahel
and contribute to the development of more region-specific
recommendations. Finally, greater emphasis should be
placed on improving access to high-quality seeds, organic
fertilizers, and water management technologies to support
farmers in implementing CA practices effectively. By
addressing the technical, financial, and social barriers to CA
adoption, it is possible to create a more resilient and
sustainable agricultural system in the Sahel, improving food
security,  enhancing  livelihoods, and  promoting
environmental sustainability in the face of climate change.
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