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Abstract
The present study is aimed at assessing the impact of different tillage practices and mulch input rates on soil erosion and soil

properties in Central Benin. The experiment was carried out at two sites (Dan and Za-zounmè) using a randomized complete
block design. The effect of three tillage practices: contour ridging (CR), slope ridging (SR), and no-tillage (NT) and four mulch
input rates (0, 3, 5, and 7 t·ha−1) was investigated. The runoff, the soil, and nutrients losses were measured during the major
rainy seasons of 2018 and 2019. Bulk density, gravimetric moisture, and water infiltration were collected in 2019. The effect
of the interaction between tillage practices and mulch input rates was significant on runoff amount, runoff coefficient, soil
loss, N, P, and K losses, and soil moisture. Over the investigated seasons, CR + 7M decreased runoff amount, runoff coefficient,
soil loss, and N, P, and K losses by 100% compared to the treatments. NT was found to be effective in runoff and soil erosion
controlling when combined with a mulch quantity greater than 3 t·ha−1, and NT + 5M and NT + 7M reduced the soil loss,
respectively, by more than 30% compared to the farmer’s practice (SR + 0M) at both sites. Contour ridge treatments yielded
more soil moisture than NT and slope ridge treatments. Whatever the tillage practice, the greatest gravimetric moisture was
recorded on 5 and 7 t·ha−1 plots (i.e., CR + 7M, NT + 7M, and SR + 7M). This study provides decision makers with requisite
information for effective soil erosion management in Benin where mechanization aids are limited.

Key words: conservation tillage, soil degradation, water erosion, Benin

Résumé
La présente étude vise à évaluer l’impact de différentes pratiques de travail du sol et de quantité de paillis sur l’érosion

hydrique et les propriétés du sol au centre du Bénin. Elle a été menée sur deux sites (Dan et Za-zounmè) en utilisant un
dispositif en bloc complet randomisé. L’effet de trois pratiques de travail du sol : le billonnage isohypse (CR), le billonnage
suivant la pente (SR) et le sas-labour (NT) et quatre quantités de paillis (0, 3, 5 et 7 t .ha-1) a été étudié. Le ruissellement, les
pertes de terre et de nutriments ont été mesurés pendant la grande saison de pluies de 2018 et 2019. La densité apparente,
l’humidité gravimétrique et l’infiltration d’eau ont été recueillies en 2019. L’effet de l’interaction entre les pratiques de travail
du sol et les taux d’apport de paillis était significatif sur la quantité de ruissellement, le coefficient de ruissellement, la perte
de sol, les pertes de N, P et K et l’humidité du sol. La combinaison CR + 7M a réduit la quantité de ruissellement, le coefficient
de ruissellement, la perte de sol et les pertes de N, P et K de 100 % par rapport aux autres traitements. Le NT s’est avéré efficace
pour contrôler le ruissellement et l’érosion du sol lorsqu’il était combiné à une quantité de paillis supérieure à 3 t.ha-1, et le
NT + 5M et le NT + 7M ont réduit la perte de sol de plus de 30 % par rapport à la pratique des agriculteurs (SR + 0M) sur les
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deux sites. Le CR a permis de conserver l’humidité du sol comparativement à SR. Quelle que soit la pratique de travail du sol,
la plus grande humidité du sol a été enregistrée sur les parcelles ayant reçu 5 et 7 t.ha-1 (CR + 7M, NT + 7M et SR + 7M). Grâce
à la présente étude, les décideurs disposeront des informations dont ils ont besoin pour gérer efficacement l’érosion du sol au
Bénin où les moyens mécaniques sont restreints. [Traduit par la Rédaction]

Mots-clés : labour de conservation, dégradation du sol, érosion hydrique, Bénin

Introduction
Soil erosion constitutes to date one of the big challenges of

low-income countries. The situation is more pronounced in
Africa, resulting in soil degradation and declining crop yields.
In the past decade, more than 45% of the total worldwide soil
erosion occurred in Africa, where soil erosion degrades 5 to 6
million hectares annually and affects millions of people (FAO
2002; Assefa 2009). In Benin, water erosion has resulted in
topsoil removal in many agroecological areas (Assogba et al.
2017). Barthès and Roose (2002) reported different sensitivity
to rain erosivity across the country regions. In central Benin,
water erosion is very recurrent due to the rain erosivity, non-
sustainable agricultural practices (Igué et al. 2013), and geo-
logical composition dominated by the very impermeable rock
of this peneplain landscape (Adam and Boko 1993). An aver-
age soil loss (SL) of 17.69 t·ha−1·year−1 was reported at the
Lokogba watershed in Aplahoué (Kouelo 2016). Changed agri-
cultural practices are required to ensure the sustainability of
agricultural systems as soil quality is one of the key factors
determining agricultural productivity (Kumar et al. 2020) and
food security.

A growing body of research over the past few years has
shown that soil conservation practices can significantly curb
water erosion along with the subsequent transport of nu-
trients and other pollutants (Lizotte et al. 2014; Doan et al.
2015). Conservation tillage and soil mulching are the most
widely adopted soil conservation practices (Vincent-Caboud
et al. 2019). Mulching plays a fundamental role in soil protec-
tion against erosion and soil moisture conservation (Mazarei
and Ahangar 2013). Residue cover protects the soil against
raindrops, limits surface runoff, increases soil organic mat-
ter (SOM) content, and creates conditions favourable for the
creation of macropores that connect the topsoil with deeper
part of soil profile (Araya et al. 2015; Toom et al. 2019). Appro-
priate tillage is considered as an important management tool
to combat water erosion risks, to promote in situ water con-
servation, crop yield improvement, and stabilization in rain-
fed agricultural systems. However, tillage systems are site spe-
cific and depend on crop species (Sharma and Abrol 2005). Un-
der certain soil, climate, and management conditions, the no-
tillage (NT) land management may have potential advantages
over the tillage. Reduction of runoff and erosion, increased
soil organic carbon (SOC) content, increased root length and
density, and soil water conservation are the main outcomes
of NT practices (Lal 2004; Fiorini et al. 2018). NT practices are
considered as Conservation Agriculture (CA) practices (FAO
2011). CA, including NT, requires increased knowledge of
the system and adaptation to the site and farmer circum-
stances (Erenstein et al. 2012). The integration of CA into
smallholder farming systems has to address the prevailing
constraints without creating new complex ones (Thierfelde
et al. 2013).

The feasibility of NT for smallholder farmers in Benin is
constrained by biophysical, socio-economical, and technical
challenges. Most farmers in Benin are not literate. That lim-
its the adoption of new technologies (Akplo et al. 2019). Thus,
the effect of reduced tillage is relatively unknown and little
understood. Small traditional farmers are very conservative.
They rely on approaches inherited from the past and firmly
fixed in their traditional way of life. It is difficult to convince
them to adopt new approaches. In addition, the effect of NT is
long term. It is difficult for farmers who are not landowners
(most farmers work on rented land) to invest in NT since they
are not guaranteed to be on the same land for a long time.
Providing more information about the effective soil erosion
control practices in Benin is the most important stage for soil
conservation. The global objective of the present study was to
assess the impact of different tillage practices and mulch in-
put rate on runoff, SL, and soil properties in Central Benin.
Then, erosion plots were established under natural precipita-
tion.

Materials and methods

Research area description
Two experimental sites were selected: Dan (07◦21′35′′ N;

02◦05′09′′ E) and Za-zounmè (07◦12′50′′ N; 02◦15′40′′ E) (Fig. 1).
Both of them are situated on gently undulating denudation
plateau (the slope inclination is 5% at Dan and 4.6% at Za-
zounmè). Before implementing the experiences, both sites
were fallowed since 2000 without any tillage. However, farm-
ers frequently burned the natural vegetation that grows back
when the rainy season resumes. Also, cattle from the area
were grazing in the fields. The soil is Acrisol at Dan and Fer-
ralsol at Za-zounmè (IUSS Working Group WRB 2015). A base-
line soil fertility reference was collected along the diagonal
of the field at a depth of 0–20 cm and analyzed at laboratory
of soil analysis in Benin. At Dan, the soil is sandy–clay–loam,
and the pH (water 1:2.5) is acid (5.63), organic matter con-
tent is 13.7 g·kg−1 of soil, exchangeable potassium content is
129.03 mg·kg−1 of soil, Bray P is 12.6 ppm, and total nitro-
gen content is 0.88 g·kg−1 of soil. Water infiltration rate is
41 cm·day−1. At Za-zounmè, the soil texture is sandy–loam,
the pH (water 1:2.5) is close to neutral (6.40), organic matter
content is 12.4 g·kg−1 of soil, exchangeable potassium con-
tent is 140.76 mg·kg−1, Bray P is 18.12 ppm, and total nitro-
gen content is 0.69 g·kg−1 of soil. Water infiltration rate is
120 cm·day−1. The annual rainfall ranged between 1100 and
1300 mm for both sites. This agroecological zone is charac-
terized by two cropping seasons: major (March to July) and
minor (September to November) as a result of a bimodal rain-
fall regime. The average temperature recorded during the
2 years in the area was 27 ◦C. At Dan, the natural vegeta-
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Fig. 1. Watershed of Zou and experimental field location. Projection: UTM WGS 1984 Zone 31 N. Data sources: Topographic
Map of Benin (IGN 1992); Digital Elevation Map (NASA 2020); authors’ fieldwork. [Colour online]

tion was dominated by guinea grass (Panicum maximum Jacq.),
while at Za-zounmè, it was dominated by Imperata grass (Im-
perata cylindrica) during the fallow period. LR2018 and LR2019
cropping seasons were characterized by different rainfall pat-
terns at both sites. The two sampled locations experienced
their heavy rain from 1 May to 30 June for the 2 years. Cumu-
latively, 443 and 355 mm were recorded as rainfall amount
during LR2019 and LR2018 at Dan (Table 1), respectively. A
total of 34 and 32 rain events were observed, respectively, in
LR2018 and LR2019. The average rainfall of the erosive rain
events (i.e., events that are large enough to generate runoff,
and therefore to create erosion) was 46.32 mm in LR2018 and
40.01 mm in LR2019 at Dan. LR2018 recorded more rainfall
than LR2019 at Za-zounmè. Cumulatively, 620 mm (in 36 rain
events) and 541 mm (in 27 rain events) were recorded, respec-
tively, in LR2018 and LR2019. Za-zounmè experienced 24 ero-
sive events in 2018, while 21 erosive events were observed in
2019.

Experimental design
The experiment was conducted during two major rainy sea-

sons, 2018 (LR2018) and 2019 (LR2019). The experimental de-
sign at each site was arranged in a randomized complete
block design. The treatments were replicated four times at
each site. Three tillage practices: NT, slope ridging (SR), and
contour ridging (CR) and four mulch doses: 0 t·ha−1 (0M),
3 t·ha−1 (3M), 5 t·ha−1 (5M), and 7 t·ha−1 (7M) were investi-
gated. Maize stover (C:N ratio = 46) was applied for the mulch
treatments. In all seasons, mulch levels of <3 t·ha−1 were
used because cereal stover yields of up to 3 t·ha−1 are achiev-

able on smallholder farms in central Benin (Saïdou et al. 2018;
Akplo et al. 2020). Mulch levels of >3 t·ha−1 were selected to
assess if there is any yield benefit in increasing surface cover
beyond 2–4 t·ha−1, which normally gives the minimum 30%
cover for CA systems (Erenstein 1997). Before the implemen-
tation of the treatments, the natural vegetation was removed
with a machete. Being the farmer’s practice, slope ridge (SR)
system was used as control in this experiment. The ridges
were manually constructed using hoe and tape measure and
were a width of 60 cm, a height of 20 cm, and with an 80 cm-
wide furrow between each ridge. The ridges were oriented up
and down slope in the case of SR system (Fig. 2A), while ori-
ented following the contour lines in the case of CR system
(Fig. 2B). The plots of no-till treatment did not undergo any
additional tillage. The seedpots were manually made with the
hoe. Maize crop (Zea maize L.) was grown on the experimental
plots.

To evaluate the runoff amount (RA) under the studied treat-
ments, the “runoff plots” were established (Akplo et al. 2017;
Bashagaluke et al. 2018). The size of each experimental plot
was 6 m × 3.5 m and they were fenced by metal sheets em-
bedded in the ground along all plot boundaries (Fig. 3). At
the lower boundary of the plot, runoff water and eroded soil
drained to a fractional sample collection device composed of
two tanks. The first tank was connected to each plot by a PVC
pipe with a 40 mm diameter. It is pierced in its upper part
with eight identical holes and connected to the second tank
by a PVC pipe of 20 mm diameter. The runoff and the eroded
soil were exited from seven holes and only from one hole it
drained to the second tank. Using this system, it was possible
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Table 1. Erosive rainfall characteristics during the investigated cropping seasons.

Cropping season Total rain fall (mm)
Number of rain

events
Number of erosive

events
Mean rain height of erosive

events (mm)

Dan

Major cropping season 2018 355.88 34 22 46.32 ± 18.20

Major cropping season 2019 446.83 32 20 40.01 ± 20.87

Za-zounmè

Major cropping season 2018 620.60 36 24 42.58 ± 12.21

Major cropping season 2019 541.41 27 21 43.92 ± 6.64

Fig. 2. Studied ridging systems. (A) Slope ridging. (B) Contour ridging. [Colour online]

to determine the runoff rate, the fine suspended SL (fraction
capable of migrating over a long distance), and the coarse soil
particle loss (short-distance saltation).

Determination of runoff, runoff coefficient, soil
loss, and nutrient loss

Runoff amount and runoff coefficient

Twenty rain events were targeted from 1 May to 30 June
during the major rainy season of 2018 (LR2018) and 2019
(LR2019). The total volume of each rain event was measured
using a rain gauge (iMETOS IMT280). Runoff was collected in
the tanks with the installed receiving system. The runoff vol-
ume (Vr) was estimated as follows:

Vr = V1 + (β × V2)(1)

where V1 is the volume of runoff in the first tank; V2 is the
volume of runoff in the second tank; and β is a constant as-
sociated with the number of holes of the first tank (in our
case, β = 8). The RA (in l.m−2) was determined by dividing
the runoff volume (Vr) by the surface (m2) of each plot as fol-
lows:

RA = Vr/surface(2)

The runoff coefficient (RC) was estimated using the follow-
ing equation:

RC (%) = (Vr/V ) × 100(3)

where V is the total rain mass (in litres)

Soil loss

The total amount of SL was calculated from the total dry
amount of soil retained in the tank and the sediment con-
centration in the runoff. After each erosive rain event, sedi-
ments retained at the bottom of each tank were collected and
weighed. A sample of 200 g was collected from the amount
of soil retained in the tank and oven-dried at 105 ◦C for 48 h
for determining the dry mass of soil retained in the tank (Q1).
Five hundred millilitre (500 mL) was sampled from the total
runoff for quantifying the suspended sediment (Q2). The sam-
pled runoff was oven-dried at 105 ◦C for 48 h. Therefore, the
total amount of SL (Q) under each treatment was delivered
using eq. 4.

Q = Q1 + Q2(4)

Q1 and Q2 were determined as follows (eq. 5):

Q1 = (b/a) × C(5)

where Q1 is the total dry amount of sediment retained in the
tank; a is the fresh weight (g) of the sediment sample mea-
sured in situ and taken for oven drying at 105 ◦C for 48 h;
and b is the dry weight (g) of the sediment sample and C is
the fresh weight of the sediment collected from the collect-
ing tank and measured in the field.

Q2 = (r2/r1) × Rf(6)

where Q2 (g) is the total amount of suspended sediment; r2

(g) is the mass of dry sediment in the aliquot that was oven-
dried; and r1 (ml) is the volume of runoff water sample and
Rf (ml) is the total runoff measured on the field.
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Fig. 3. Experimental field setup. [Colour online]

Nutrient loss

The amount of nutrient contained in sediment, NL (g), was
computed using eq. 7:

NL = C × Q(7)

where C (g·kg−1) is the concentration of each element (N,
available P, and exchangeable K) in the sediment and Q (kg)
is the total amount of sediment lost.

Laboratory analysis

The soil sampled for baseline fertility characterization and
the collected sediments were air-dried and sieved through a
2 mm mesh. Total nitrogen was determined by the Kjeldahl

nitrogen fixation method (Kjeldahl 1883). Available phospho-
rus was estimated by the Bray I method (Bray and Kurtz 1945).
Exchangeable potassium was extracted using 1 mol/L neutral
ammonium acetate and determined by the atomic absorption
spectrometry method. In addition, pH water (1:2.5), SOC, and
particle size were determined in the soil samples. Soil pH was
determined using the Mathieu and Pieltain (2003) protocol
by mixing in a 50 mL beaker, 10 g of ground and sieved soil
(0.2 mm mesh), and 25 mL of demineralized water and stir-
ring the solution (soil water) using an agitator for 30 min. The
soil pH was measured using a pH meter (Inolab 720). Particle
size was determined by Robinson’s method (Robinson 1922).
Soil total C was measured by the Walkley and Black oxidation
method (Walkley and Black 1934). The SOM was calculated
using the formula SOM = carbon content × 1.72 (with 1.72
being the stable coefficient of cultivated soils) (Nelson and
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Sommers 1996). Laboratory analyses were performed in the
Laboratory of Soil Microbiology and Microbial Ecology of the
Faculty of Agronomic Sciences of the University of Abomey-
Calavi (Republic of Benin).

Determination of gravimetric moisture, bulk
density, and saturated hydraulic conductivity

Within each investigated season, gravimetric soil moisture
was determined in the top 20 cm of soil once per 2 weeks. The
wet weight (Ph) of samples was determined in situ, whereas
the dry weight (PS) was determined in the laboratory after
oven drying at 105 ◦C until a constant dry weight was at-
tained. Soil moisture (GM) was determined by the following
formula proposed by Anderson and Ingram (1993):

GM (%) = [(Ph − Ps ) /Ps] × 100(8)

For the bulk density (BD) determination, a volume of
100 cm3 of soil sample was collected on the top 20 cm layer
with stainless steel cores at the end of the experiment in
2019. The sample was oven-dried at 105 ◦C for 72 h for
dry weight determination. The BD was then calculated using
eq. 9:

bulk density = dry weight (g)/volume
(
cm3)(9)

The effect of tillage system and mulching on saturated hy-
draulic conductivity (SHC) of the soil was measured using
a tension infiltrometer under laboratory conditions. Undis-
turbed soil samples were collected at the end of the exper-
iment in 2019 using core samplers as described for soil BD.
The core samples were placed on the top of a gauze and were
saturated with water. The calculation of SHC (cm·h−1) was
done using the modified falling head equation as described
in Bouwer and Rice (1976):

ks = (L/t ) × [(L + h0) / (L + h1)](10)

where ks is the hydraulic conductivity; L is the length of soil
column; h0 is the height of water above surface at time 0; and
h1 is the height of water above surface at the end and t is the
time until the water level changed from h0 to h1.

Statistical analyses
A series of statistical analyses were performed. First,

multisite-year mixed-effect analysis of variance (ANOVA)
models matching the study design were conducted for each
of the collected variables; site-year, tillage system, and mulch
input rate effects as fixed effects; and tillage system nested in
block nested in site-year as random effects. This first analy-
sis showed a significant site-year effect. Given the significant
site-year effect, a three-way ANOVA using PROC MIXED pro-
cedure was conducted for each year and on each site. Tillage
system and mulch input rates were taken as a fixed effect,
while block 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 ho-
mogeneity of the data for each variable were tested by the

Shapiro–Wilk test (Shapiro and Wilk 1965) and by Bartlett’s
test (Bartlett 1937), respectively. All statistical analyses were
conducted in SAS 9.4 (SAS Institute 2013). Due to interactions
between tillage and mulch input rates, the main effects were
not reported.

Results

Runoff amount and runoff coefficient
The effects of the interaction between tillage and mulching

were significant (p < 0.001) on the RA and RC in Dan and Za-
zounmè and over both LR2018 and LR2019 cropping seasons
(Table 2). Overall, SR with 0 t·ha−1 mulch (SR + 0M) and NT
with 0 t·ha−1 mulch (NT + 0M) yielded the highest RA and
RC, while CR with 7 t·ha−1 mulch (CR + 7M) was associated
with the lowest values (Table 3). CR + 7M decreased RA and
RC by 100% compared to the treatments. NT was found to be
effective in runoff controlling when combined with a mulch
quantity greater than 3 t·ha−1. Of particular note, runoff is
lower with CR than with SR and NT, whatever the amount of
mulch. Also, regardless of tillage type, runoff decreased as the
amount of mulch increased. However, no significant differ-
ence in RA and RC was observed when increasing the amount
of mulch from 3 to 5 t·ha−1 for all of the tillage modalities.

SL under different tillage practices and mulch
input rates

At both sites, the ANOVA showed significant interac-
tion effects between tillage and mulching treatments on
SL (p < 0.05) (Table 2). Over the LR2018 and LR2019 sea-
sons, SL was lower under CR with 7 t·ha−1 mulch, CR + 7M,
whereas higher SL was recorded under SR with 0 t·ha−1

mulch (SR + 0M) and NT with 0 t·ha−1 mulch (NT + 0M)
(Table 4). More than 5 t·ha−1 were recorded as SL under
SR + 0M (respectively, 5.45 t·ha−1 in Dan and 6.46 t·ha−1 in
Za-zounmè) and NT + 0M (respectively, 6.84 t·ha−1 in Dan and
6.60 t·ha−1 in Za-zounmè) in LR2018 as well as under NT + 0M
(6.06 t·ha−1) at Dan in LR2019. Compared with the control
(SR + 0M), SL reduction due to CR + 0M, CR + 3M, CR + 5M,
and CR + 7M ranged between 55% and 100% in LR2018 and be-
tween 70 and 100% in LR2019 at Dan. At Za-zounmè, CR + 0M,
CR + 3M, CR + 5M, and CR + 7M decreased SL by at least 70%
in LR2018 and 66% in LR2019. Less SLs were observed under
NT + 5M and NT + 7M, which reduced the SL, respectively,
by more than 30% compared to SR + 0M at both sites. Mulch
decreased SL for all three tillage treatments and this effect is
pronounced especially if the amount of mulch is great. This
clearly indicates the importance of mulch treatment in the
reduced mobilization of soil particles. For example, for each
tillage treatment, SL was low with 7 t·ha−1 of mulch (i.e.,
NT7M, SR7M, and CR7M).

Nutrients loss under different tillage practices
and mulch input rates

Nitrogen (N), available phosphorus (P), and extractable
potassium (K) were assessed in the course of the experiments
as they have been largely documented as the major nutri-
ents. The influence of tillage practices, mulch amounts, and
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Table 2. ANOVA of tillage, mulching, and their interactions on runoff, soil loss, and soil properties.

Source df

LR2018 LR2019

RA RC SL N P K RA RC SL N P K BD GM SHC

Dan

Tillage (T) 2 ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗ ns ∗∗∗ ns

Mulch input rate (M) 3 ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗ ns ∗ ns

T×M 6 ∗∗∗ ∗∗∗ ∗∗ ∗∗∗ ∗∗∗ ∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗ ns ∗∗∗ ns

Bloc 3 ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns

Model 14

Error 81

Corrected total 95

Za-zounmè

Tillage (T) 2 ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗ ns ∗ ns

Mulch input rate (M) 3 ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗ ∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗ ns ∗∗ ns

T×M 6 ∗∗∗ ∗∗∗ ∗∗∗ ∗ ∗ ∗ ∗∗∗ ∗∗∗ ∗ ∗∗∗ ∗∗∗ ∗ ns ∗∗∗ ns

Bloc 3 ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns

Model 14

Error 81

Corrected total 95

Note: BD, bulk density (g·cm−3); GM, gravimetric moisture (%); K, exchangeable potassium loss (kg·ha−1); N, total nitrogen loss (kg·ha−1); P, available phosphorus loss (kg·ha−1); RA, runoff amount (L·m−2); RC, runoff
coefficient (%); SL, soil loss (t·ha−1); SHC, saturated hydraulic conductivity; ns, non significant; ∗, significant at α = 0.05; ∗∗, significant at α = 0.01; ∗∗∗, significant at α = 0.001.
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Table 3. Runoff amount (RA) and runoff coefficient (RC) under different tillage practices and mulch doses.

Treatment

Runoff amount (L·m−2) Runoff coefficient (%)

Dan Za-zounmè Dan Za-zounmè

LR2018 LR2019 LR2018 LR2019 LR2018 LR2019 LR2018 LR2019

CR + 0M 0.24c 0.24cd 0.24b 0.27b 0.46b 0.52b 0.58cd 0.54c

CR + 3M 0.17c 0.16cd 0.15b 0.27b 0.32b 0.98b 0.35d 0.52c

CR + 5M 0.13c 0.12cd 0.12b 0.12b 0.25b 0.23b 0.27d 0.24c

CR + 7M 0.00d 0.00cd 0.00b 0.00b 0.00b 0.00b 0.00d 0.00c

NT + 0M 2.91a 2.53a 1.17a 3.52a 5.78a 6.18a 5.35a 6.98a

NT + 3M 0.64b 0.75bc 0.53b 0.76b 1.27b 1.63b 1.86bc 1.56c

NT + 5M 0.57b 0.75bc 0.05b 0.62b 1.11b 1.31b 1.79bc 1.26c

NT + 7M 0.24c 0.25cd 0.05b 0.35b 0.48b 0.65b 0.59 cd 0.71c

SR + 0M 2.48a 1.17b 2.52a 2.44a 4.96a 5.12a 2.41b 4.94c

SR + 3M 0.54b 0.53bcd 0.75b 0.59b 1.13b 1.20b 1.12bcd 1.16b

SR + 5M 0.08d 0.05d 0.75b 0.17b 0.17b 0.30b 0.15d 0.35c

SR + 7M 0.16c 0.0d 0.24b 0.08b 0.34b 0.20b 0.13d 0.17c

Note: CR + 0M, contour ridging + 0 t·ha−1 mulch; CR + 3M, contour ridging + 3 t·ha−1 mulch; CR + 5M, contour ridging + 5 t·ha−1 mulch; CR + 7M, contour ridging + 7 t·ha−1

mulch; SR + 0M, slope ridging + 0 t·ha−1 mulch; SR + 3M, slope ridging + 3 t·ha−1 mulch; SR + 5M, slope ridging + 5 t·ha−1 mulch; SR + 7M, slope ridging + 7 t·ha−1

mulch; NT + 0M, no-tillage + 0 t·ha−1 mulch; NT + 3M, no-tillage + 3 t·ha−1 mulch; NT + 5M, no-tillage + 5 t·ha−1 mulch; NT + 7M, no-tillage + 7 t·ha−1 mulch. For each
factor, the same lowercase letters denote no significant difference between the means at a given site. Means followed by letters of same characters within a column are
not significantly different (p > 0.05) (Tukey’s HSD test).

Table 4. Total soil loss (SL) under different tillage practices,
mulch doses, and tillage × mulch doses.

Treatment

Dan Za-zounmè

LR2018 LR2019 LR2018 LR2019

CR + 0M 1.21cde 2.44bc 1.91cde 1.67cd

CR + 3M 1.07cde 2.45bc 1.21def 1.33cd

CR + 5M 0.94cde 2.70bc 0.76ef 1.14cd

CR + 7M 0.00e 0.00f 0.00f 0.00d

NT + 0M 6.06a 6.84a 3.15bc 6.60a

NT + 3M 3.57b 5.32ab 5.42a 5.18ab

NT + 5M 2.49bcd 3.36abc 3.69b 3.13bc

NT + 7M 0.57de 1.84bc 0.86ef 1.54cd

SR + 0M 4.46ab 5.45ab 6.46a 4.90ab

SR + 3M 3.13bc 3.44abc 2.47bcd 5.32ab

SR + 5M 1.19cde 3.62abc 0.70ef 2.38cd

SR + 7M 1.21cde 0.62c 0.75ef 0.63cd

Note: CR + 0M, contour ridging + 0 t·ha−1 mulch; CR + 3M, contour ridg-
ing + 3 t·ha−1 mulch; CR + 5M, contour ridging + 5 t·ha−1 mulch; CR + 7M, contour
ridging + 7 t·ha−1 mulch; SR + 0M, slope ridging + 0 t·ha−1 mulch; SR + 3M, slope
ridging + 3 t·ha−1 mulch; SR + 5M, slope ridging + 5 t·ha−1 mulch; SR + 7M, slope
ridging + 7 t·ha−1 mulch; NT + 0M, no-tillage + 0 t·ha−1 mulch; NT + 3M, no-
tillage + 3 t·ha−1 mulch; NT + 5M, no-tillage + 5 t·ha−1 mulch; NT + 7M, no-
tillage + 7 t·ha−1 mulch. For each factor, the same lowercase letters denote no
significant (p > 0.05) difference between the means at a given site according to
the Tukey’s HSD test.

their interaction were significant (p < 0.05) on N, P, and K
lost through erosion over the LR2018 and LR2019 seasons
at the two sampled sites (Table 2). The nutrients lost under
as affected by the interaction between tillage practices and
mulching input rates are presented in Table 5. Among the
treatments, for all nutrients (i.e., N, P, and K), the lowest
losses occurred due to CR + 7M. The nitrogen losses were sig-
nificantly higher with SR with 0 t·ha−1 mulch (SR + 0M) in

Dan (105.27 kg.ha−1 in LR2018 and 84.80 kg.ha−1 in LR2019)
and in Za-zounmè (58.14 kg.ha−1 in LR2018 and 82.86 kg.ha−1

in LR2019). The difference observed under CR + 3M, CR + 5M,
SR + 5M, SR + 7M, NT + 3M, and NT + 7M was not significant
at Dan in LR2018. In LR2019, the difference between the N
loss under NT + 3M and NT + 5M and the difference between
the N loss under CR + 0M, CR + 3M, and CR + 5M were not
significant. In Za-zounmè, treatments NT + 7M, SR + 5M, and
SR + 7M on the one hand and treatments CR + 3M and CR + 5M
on the other hand were not significantly different in LR2018,
while CR + 0M, CR + 3M, CR + 5M, and SR + 5M were not sig-
nificantly different in LR2019.

In contrast to N loss, the difference occurred among the
treatment was less pronounced for P loss. Phosphorus loss
was the highest under NT with 0 t·ha−1 mulch (NT + 0M) at
Dan in LR2018 and LR2019, while its value was the greatest
under SR + 0M at Za-zounmè. For SR, mulch had no signifi-
cant effect on phosphorus loss at Dan in LR2018 and the aver-
age value was 0.99 kg·ha−1. Also, the difference due to treat-
ments CR + 0M, CR + 3M, and CR + 5M was not significant at
Dan LR2018. In LR2019, phosphorus losses due to treatments
CR + 7M, SR + 7M, and NT + 7M were not significantly differ-
ent and were the lowest. At Za-zounmè, CR + 3M, CR + 5M,
CR + 7M, SR + 7M, and NT + 7M showed low values of phos-
phorus loss (<0.5 kg·ha−1 in LR2018 and <2 t·ha−1 in LR2019).

More potassium was lost under NT + 0M, NT + 3M, and
SR + 3M. Overall, increasing mulch input rate resulted in a
decreasing trend of losses. However, the difference between
3 and 5 t·ha−1 (e.g., CR + 3M and CR + 5M in LR2018 at Dan)
and between 5 and 7 t·ha−1 mulch (e.g., SR + 5M and SR + 7M
in LR2018 at Dan and in LR2019 at Za-zounmè) were some-
times not significant. NT + 7M (i.e., NT with 7 t·ha−1 mulch)
significantly reduced (<0.5 kg·ha−1) potassium loss at both
sites.
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Table 5. Nitrogen, phosphorus, and potassium losses under different tillage practices, mulch doses, and tillage × mulch doses.

Treatment

Total nitrogen (kg·ha−1) Available phosphorus (kg·ha−1) Exchangeable potassium (kg·ha−1)

Dan Za-zounmè Dan Za-zounmè Dan Za-zounmè

LR2018 LR2019 LR2018 LR2019 LR2018 LR2019 LR2018 LR2019 LR2018 LR2019 LR2018 LR2019

CR + 0M 51.12bc 20.11de 23.33cde 16.70def 0.78cd 1.94d 1.26b 1.39cd 1.05d 1.92bc 1.61a 1.38bc

CR + 3M 14.98d 23.3de 9.94ef 17.00def 0.43cd 1.89d 0.33c 1.41cd 0.78de 1.96bc 0.48ab 1.58bc

CR + 5M 13.61d 20.29de 12.28ef 17.62def 0.49cd 1.63d 0.18c 1.66cd 0.64de 2.20b 0.82bc 1.76bc

CR + 7M 0.00d 0.00e 0.00e 0.00f 0.00d 0.00e 0.00d 0.00d 0.00e 0.00d 0.00d 0.00d

NT + 0M 64.96b 53.46b 43.86abc 54.94b 5.34a 6.98a 1.12b 2.45c 3.04b 5.51a 2.06b 4.87a

NT + 3M 42.26c 46.13bcd 52.91ab 43.00bc 3.66b 4.42c 1.03b 5.02a 4.41a 4.38a 3.93a 4.03a

NT + 5M 39.18c 30.39bcd 32.51bcd 27.72cde 1.01cd 2.98d 1.31b 2.96bc 2.42bc 2.70b 2.50b 2.11b

NT + 7M 10.25cd 16.87de 13.91def 14.20ef 0.18d 0.61e 0.48c 1.28cd 0.35de 0.46c 0.53c 1.13c

SR + 0M 105.27a 84.80a 58.14a 82.86a 1.38cd 2.12d 2.93a 6.12a 2.01c 2.59b 1.53bc 2.68b

SR + 3M 60.01b 45.54bc 52.91ab 41.99bcd 1.02cd 5.46b 1.18b 4.39ab 2.58bc 4.29a 4.47a 4.06a

SR + 5M 14.94d 27.36cd 32.51def 17.8def 0.73cd 3.42c 0.91b 1.43cd 1.07d 2.37b 0.41c 1.69bc

SR + 7M 11.18d 5.39ef 15.65def 3.52ef 0.83cd 0.59e 0.33c 0.18d 1.00d 0.43c 0.37c 1.24bc

Note: CR + 0M, contour ridging + 0 t·ha−1 mulch; CR + 3M, contour ridging + 3 t·ha−1 mulch; CR + 5M, contour ridging + 5 t·ha−1 mulch; CR + 7M, contour ridging + 7 t·ha−1 mulch; SR + 0M, slope ridging + 0 t·ha−1 mulch;
SR + 3M, slope ridging + 3 t·ha−1 mulch; SR + 5M, slope ridging + 5 t·ha−1 mulch; SR + 7M, slope ridging + 7 t·ha−1 mulch; NT + 0M, no-tillage + 0 t·ha−1 mulch; NT + 3M, no-tillage + 3 t·ha−1 mulch; NT + 5M, no-tillage + 5
t·ha−1 mulch; NT + 7M, no-tillage + 7 t·ha−1 mulch. For each factor, the same lowercase letters denote no significant (p > 0.05) difference between the means at a given site according to the Tukey’s HSD test.
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Soil bulk density, gravimetric moisture, and
saturated hydraulic conductivity as affected by
different tillage practices and mulch input rates

Soil BD and SHC were not significantly (p > 0.05) affected
by the tillage practices or mulch input rates as well as their
interaction (Table 2). Conversely, the gravimetric moisture
(GM) was significantly (p < 0.001) affected by the interaction
between tillage and mulch input rates. The soil moisture of
topsoil was very low at both sites, especially at Za-zounmè
(6.24%–12.07%) but also at Dan (12.55%–16.98%). Statistical dif-
ferences were observed between the treatments at both Dan
and Za-zounmè (Table 6). At both sites, the gravimetric soil
moisture content was lowest on the NT + 0M plots at Dan
(12.55%) and on SR + 0M (6.24%) at Za-zounmè and highest on
the CR + 7M plots (16.98% at Dan and 12.07 at Za-zounmè).
Overall, contour ridge treatments stored more moisture in
the soil than NT and slope ridge.

Discussion
For agriculture to meet the growing needs of adequate food

and textiles for an ever-increasing human population, there
will be increasing demand to efficiently maximize the usage
of arable land through the adoption of sustainable agricul-
tural practices (Lizotte and Locke 2018). Therefore, good soil
management practices in agricultural watersheds must be
implemented. The results of this study showed a significant
effect of the interaction between different tillage practices
and mulch input rates on soil erosion (runoff, RA, and SL) and
nutrients loss (N, P, and K). During the two seasons of exper-
imentation (i.e., LR2018 and LR2019), RA, RC, and SL under
CR treatments were significantly less than those of NT and
SR treatments at both sites. Consequently, the lowest nutri-
ent losses were observed with CR treatments. In the CR sys-
tem, ridges are made following the contour lines and serve
as obstacles for the runoff by reducing the velocity of water
(Uwizeyimana et al. 2018). Conversely, SR showed the high-
est runoff rates since it is oriented in slope direction. This
finding confirms the importance of tillage practices in ero-
sion control. Kiboi et al. (2019) argued that appropriate tillage
practices constitute important management tools to combat
water erosion risks, to promote in situ water conservation,
crop yield improvement, and stabilization in rainfed systems
in semiarid and subtropical regions. The findings corrobo-
rate those of Kouelo (2016) and Akplo et al. (2017). Soil ero-
sion reduction effect of NT practice has been documented fre-
quently and is mostly attributed to increased organic carbon
content and the retention of crop residues at the soil surface
(Kasper et al. 2009). However, this effect was not observed in
this study. High soil erosion may have been observed under
NT in this study because it was implemented immediately
prior to this study. Generally, the conservation tillage prac-
tices are associated with a transition phase of 7–8 years (on av-
erage) characterized by high soil erosion (Pagnani et al. 2019).
Time is required for developing continuous macropores and
improving aggregate stability in soils undisturbed by tillage.
The surprising result is also the higher runoff on NT plots
as compared to SR plots. It is expected that runoff should

be lower on NT treatments, but it need not to be always the
case. In this study, the SR treatments generated lower runoff
than NT mainly because the ridges had very large size (60 cm
wide and 20 cm high) and were created by hand labor (us-
ing hoe). Such way, the ridges were very loose and contain
huge amount of large macropores, and the surface rough-
ness was very high in both ridges and furrows. Considering
that the vegetation season is rather short in tropical agroe-
cosystems (April until July), there was little time for soil to
get compacted. Therefore, considering this loose consistency
and great surface roughness at CR plot and also smooth slope
of the NT plots most water infiltrated into the ridges or stag-
nated in depressions in furrows and only small runoff was
generated. Overall, the lowest values of soil erosion were ob-
tained with 5 and 7 t·ha−1 mulch plots (i.e., CR + 5M, CR + 7M,
NT + 5M, NT + 7M, SR + 5M, and SR + 7M). This is consis-
tent with other studies that found higher crop residue cover
reduced soil erosion (Schiettecatte et al. 2008; Bashagaluke
et al. 2019). This vegetal mulch protects the soil from the
raindrop impact. As a result, the soil is protected against
crusting, its roughness is increased while runoff stream, and
the sediment transport capacity is decreased (Findeling et al.
2003; Schiettecatte et al. 2008). This effect of mulching on soil
erosion was confirmed by Mazarei and Ahangar (2013) and
Houngnandan et al. (2018). As suggested by Guto et al. (2012),
the role of cover crop systems in soil erosion control is based
on both principles of minimizing the effects of rainfall on the
soil surface and reducing the volume and velocity of runoff
on the soil surface. Apart from providing better soil surface
protection as cover crops (Fageria et al. 2005), through the
reduction in the mechanical impact of raindrops on the soil
surface, mulch may be lost as litter during the growth period
with a positive effect on soil infiltration through soil porosity
and structure improvement (Govaerts et al. 2009). However,
to have real benefit from mulch, a great quantity should be
applied. The best mulch amounts observed in our study are
similar with Mupangwa et al. (2007), who suggested at least
4 t·ha−1 of mulch. Le Bissonnais et al (2005) reported that be-
low 20% of coverage, the canopy or residues do not provide
sufficient and continuous protection against raindrop impact
and particle detachment by runoff.

Our results indicated that soil BD and SHC of the soil were
not significantly affected by the tested tillage systems and
mulch doses. However, GM was affected. The lack of differ-
ences in BD and SHC between treatments (i.e., tillage prac-
tices × Mulching) could be because of the short duration of
the experimental study. These findings were similar with a
growing body of studies over the past year that established
that changes in soil physical properties require time. For ex-
ample, Gura and Mnkeni (2019) and Nebo et al. (2020) ob-
served no significant difference in the soil BD between NT
and conventional tillage systems. More so, Hu et al. (2016)
observed that under a continuous NT system, it takes at least
at 5 years for soil properties to fully stabilize. Zhang et al.
(2007) found, after 24 years, significantly greater macropores
(more than 11%) under no-till with residue retention than un-
der conventional tillage with residue burnt. As concerning
the effect of the mulching, it also needs more time for maize
straw (C:N ratio = 46) decomposition. The present experi-
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Table 6. Impact of tillage and mulch doses on soil bulk density, gravimetric moisture, and soil saturated hydraulic conductivity.

Treatment

Bulk density (g·cm–3) Gravimetric moisture (%)
Saturated hydraulic conductivity

(cm·h–2)

Dan Za-zounmè Dan Za-zounmè Dan Za-zounmè

CR + 0M 1.4 1.33 15.08bc 6.82cde 2.4 2.19

CR + 3M 1.39 1.33 15.68b 6.99cde 2.22 2.01

CR + 5M 1.38 1.35 16.29b 7.32bcd 2.2 2.13

CR + 7M 1.39 1.35 16.98a 12.07a 2.58 2.92

NT + 0M 1.54 1.3 12.55d 6.33de 2.49 2.09

NT + 3M 1.48 1.32 13.21d 6.54de 2.12 2.59

NT + 5M 1.42 1.48 13.08d 7.31bcd 2.48 2.43

NT + 7M 1.4 1.4 13.86dc 8.24bc 2.67 2.59

SR + 0M 1.55 1.45 14.97bc 6.24e 2.32 2.38

SR + 3M 1.51 1.33 13.72cd 6.4de 2.32 2.56

SR + 5M 1.48 1.32 13.79cd 7.75bcd 2.42 2.45

SR + 7M 1.45 1.34 15.21bc 8.55b 2.48 2.01

Note: CR + 0M, contour ridging + 0 t·ha−1 mulch; CR + 3M, contour ridging + 3 t·ha−1 mulch; CR + 5M, contour ridging + 5 t·ha−1 mulch; CR + 7M, contour ridging + 7 t·ha−1

mulch; SR + 0M, slope ridging + 0 t·ha−1 mulch; SR + 3M, slope ridging + 3 t·ha−1 mulch; SR + 5M, slope ridging + 5 t·ha−1 mulch; SR + 7M, slope ridging + 7 t·ha−1

mulch; NT + 0M, no-tillage + 0 t·ha−1 mulch; NT + 3M, no-tillage + 3 t·ha−1 mulch; NT + 5M, no-tillage + 5 t·ha−1 mulch; NT + 7M, no-tillage + 7 t·ha−1 mulch. For each
factor, the same lowercase letters denote no significant (p > 0.05) difference between the means at a given site according to the Tukey’s HSD test.

ment covered only 2 years, which is not sufficient for maize
straw to be decomposed and hence influence soil BD and SHC.
Mulch has the potential to enhance the total soil porosity
(Mulumba and Lal 2008; Khoramizadeh et al. 2021) after de-
composition and hence decrease BD (Hati et al. 2006). Find-
ings from the present study showed that CR, SR, and NT with
7 t·ha−1 recorded the highest GM on both the experimen-
tal fields. This means that reducing the soil erosion (runoff
and SL), these treatments conserved soil moisture. This was
in agreement with previous studies (Akplo et al. 2020). The ad-
vantages of mulch are widely recognized (Araya et al. 2015;
Toom et al. 2019). Crop residues as mulch at the soil surface
increase carbon sequestration (Balesdent et al. 2000), main-
tain soil moisture, and aid in maintaining high soil biological
activity (Mazarei and Ahangar 2013).

Based on our results, NT with 7 t·ha−1 mulch (NT + 7M) and
CR with 7 t·ha−1 mulch (CR + 7M) could be recommended as
conservation measures against runoff, SL, and nutrients in
central Benin. Farmers should retain in situ straw of maize;
residues of soybean or other residues of the previous crop
and the seeding of the next crop should be done without soil
tillage or on ridges following the contour.

Conclusion
Soil erosion curbing and water conservation constitute key

challenges for achieving food security in Sub-Saharan Africa.
The present study explored the efficiency of two conserva-
tion practices in water conservation and erosion control in
central Benin. Results show that tillage and mulch doses sig-
nificantly influence runoff, soil erosion, and nutrient loss. At
both studied sites, NT with 7 t·ha−1 mulch (NT + 7M) and CR
with 7 t·ha−1 mulch (CR + 7M) were associated with low soil
erosion and nutrient loss. They were also associated with the
highest GM values. This suggests that these practices could
be an option for water conservation and erosion control. CR

is an efficient measure, and it can be done by small tradi-
tional farmers by hand labor (using hoe) and although this
approach is labor demanding its major advantage is that it
does need special equipment or other investment. This study
introduces the possibility of soil conservation and erosion
controlling using NT in Benin. However, the feasibility of NT
for smallholder farmers in Benin can be constrained by bio-
physical, socio-economical, and technical challenges. First of
all, farmers must be properly trained on the NT since it re-
quires increased knowledge of the system and adaptation to
the site and farming circumstances. In addition, they should
provide the appropriate machinery for sowing in NT system.
However, two vegetation seasons are rather short period and
the medium- and long-term impacts of NT require further re-
search. Longer term study might show that the performance
of no-till would improve relative to CR.

Acknowledgements
We acknowledge and thank to the reviewers for their detailed
comments that helped us to improve the manuscript. We are
also grateful to Habib Dèhoué, Marc-André Klotoé, and Jaurès
Hounkonnou for their help during the fieldwork.

Article information

History dates
Received: 18 June 2021
Accepted: 12 January 2022
Accepted manuscript online: 16 February 2022
Version of record online: 11 August 2022

Copyright
© 2022 The Author(s). Permission for reuse (free in most
cases) can be obtained from copyright.com.

Downloaded From: https://complete.bioone.org/journals/Canadian-Journal-of-Soil-Science on 27 Jun 2025
Terms of Use: https://complete.bioone.org/terms-of-use

http://dx.doi.org/10.1139/CJSS-2021-0080
https://marketplace.copyright.com/rs-ui-web/mp


Canadian Science Publishing

670 Can. J. Soil Sci. 102: 659–671 (2022) | dx.doi.org/10.1139/CJSS-2021-0080

Author information

Competing interests
The authors declare that they have no known competing fi-
nancial interests or personal relationships that could have
appeared to influence the work reported in this paper. The
funders had no role in the design of the study; in the collec-
tion, analyses, or interpretation of data; in the writing of the
manuscript, or in the decision to publish the results.

Funding information
This work was financially supported by International Foun-
dation for Science (IFS) through the Individual Grant N◦ I-1-C-
6138–1 intituled “Évaluation des effets du semis direct sous
couvert végétal sur l’érosion hydrique du sol et la productiv-
ité du maïs au Bénin”, provided to the first author. We are
grateful to the International Atomic Energy Agency (IAEA),
which provided the equipment used for laboratory analysis,
through the Regional Project RAF5075 ”Enhancing regional
capacities for assessing soil erosion and the efficiency of agri-
cultural soil conservation strategies through fallout radionu-
clides".

References
Adam, S., and Boko, M. 1993. Le Bénin. Les Éditions du Flamboyant.

EDICEF, Cotonou. p. 95.
Akplo, T.M., Kouelo Alladassi, F., Ahoglé, A.A.M., Houngnandan, P., Azon-

tondé, H.A., Benmansour, M., et al. 2020. Influence of soil conserva-
tion practices on soil moisture and maize crop (Zea mays L.) productiv-
ity in Centre Benin. Afr. J. Plant Sci. 14(1): 8–23. doi:10.5897/AJPS2019.
1927.

Akplo, T.M., Kouelo Alladassi, F., Houngnandan, P., Azontondé, H.A.,
Agonvinon, M.S., and Bokossa, T.S. 2019. Factors influencing soil ero-
sion control practices adoption in centre of the republic of benin: use
of multinomial logistic. J. Agric. Sci. 11(17): 110–122. doi:10.5539/jas.
v11n17p110.

Akplo, T.M., Kouelo Alladassi, F., Houngnandan, P., Benmansour, M.,
Rabesiranana, N., Mabit, L., et al. 2017. Effect of tillage and mulching
on soil water erosion in Linsinlin watershed, centre of Benin. J. Exp.
Biol. Agric. Sci. 5(4): 515–524. doi:10.18006/2017.5(4).515.524.

Anderson, J.M., and Ingram, J.S.I. 1993. Tropical soil biology and fertil-
ity. In A Handbook of Methods. Vol. 451. 2nd ed. C.A.B International,
Wallingford. p. 221.

Araya, T., Nyssen, J., Govaerts, B., Deckers, J., and Cornelis, W.M. 2015.
Impacts of conservation agriculture- based farming systems on opti-
mizing seasonal rainfall partitioning and productivity on vertisols in
the Ethiopian drylands. Soil Tillage Res. 148: 1–13. doi:10.1016/j.still.
2014.11.009.

Assefa, D. 2009. Assessment of upland erosion processes and farmer’s
perception of land conservation in Debre Mewi watershed, near Lake
Tana, Ethiopia (Master of Science dissertation). Cornell University,
Ithaca, NY.

Assogba, S.C.G, Akpinfa, E., Gouwakinnou, G., and Larissa, S. 2017.
La gestion durable des terres: analyse d’expériences de projets de
développement agricole au Bénin (Rapport de Synthèse). Institute for
Advanced Sustainability Studies, Potsdam, Germany. p. 32.

Balesdent, J., Chenu, C., and Balabane, M. 2000. Relationship of soil or-
ganic matter dynamics to physical protection and tillage. Soil Tillage
Res. 53: 215–230. doi:10.1016/S0167-1987(99)00107-5.

Barthès, B., and Roose, E. 2002. Aggregate stability as an indicator of
soil susceptibility to runoff and erosion; validation at several levels.
Catena, 47(2): 133–149. doi:10.1016/S0341-8162(01)00180-1.

Bartlett, M.S. 1937. Properties of sufficiency and statistical tests. Proc. R.
Stat. Soc. Ser. A, 160: 268–282. doi:10.1098/rspa.1937.0109.

Bashagaluke, J.B., Logah, V., Opoku, A., Sarkodie-Addo, J., and Quansah,
C. 2018. Soil nutrient loss through erosion: impact of different crop-
ping systems and soil amendments in Ghana. PLoS One, 13(12):
e0208250. doi:10.1371/journal.pone.0208250. PMID: 30566517.

Bashagaluke, J.B., Logah, V., Opoku, A., Tuffour, H.O., Sarkodie-Addo, J.,
and Quansah, C. 2019. Soil loss and run- off characteristics under dif-
ferent soil amendments and cropping systems in the semi-deciduous
forest zone of Ghana. Soil Use Manage. 35(4): 1–13. doi:10.1111/sum.
12531.

Bouwer, H., and Rice, R.C. 1976. A slug test for determining hydraulic
conductivity of unconfined aquifers with completely or partially
penetrating wells. Water Resour. Res. 12(3): 423–428. doi:10.1029/
WR012i003p00423.

Bray, R.H., and Kurtz, L.T. 1945. Determination of total organic and avail-
able forms of phosphorus in soils. Soil Sci. 59: 39–45. doi:10.1097/
00010694-194501000-00006.

Doan, T.T., Henry-des-Tureaux, T., Rumpel, C., Janeau, J.L., and Jouquet,
P. 2015. Impact of compost, vermicompost and biochar on soil fer-
tility, maize yield and soil erosion in Northern Vietnam: a three-year
mesocosm experiment. Sci. Total Environ. 514: 147–154. doi:10.1016/
j.scitotenv.2015.02.005.

Erenstein, O. 1997. Labranza de conservacion de residues? Una evalua-
cion del manejo de los residues en Mexico. NRG Reprint Series 97-02.
CIMMYT, Mexico, D.F.

Erenstein, O., Sayre, K., Wall, P., Hellin, J., and Dixon, J. 2012. Con-
servation agriculture in maize- and wheat-based systems in the
(sub)tropics: lessons from adaptation initiatives in South Asia, Mex-
ico, and Southern Africa. J. Sustainable Agric. 36(2): 180–206. doi:10.
1080/10440046.2011.620230.

Fageria, N.K., Baligar, V.C., and Bailey, B.A. 2005. Role of cover crops in
improving soil and row crop productivity. Commun. Soil Sci. Plant
Anal. 36(19): 2733–2757. doi:10.1080/00103620500303939.

FAO. 2002. Reducing poverty and hunger: the critical role of financing
for food, agriculture, and rural development. Paper presented at In-
ternational Conference on Financing for Development, Monterrey,
Mexico.

FAO. 2011. Save and grow. A policymaker’s guide to sustainable intensi-
fication of smallholder crop production. Food and Agriculture Orga-
nization of the United Nations (FAO), Rome.

Findeling, A., Ruy, S., and Scopel, E. 2003. Modeling the effects of a partial
residue mulch on runoff using a physically based approach. J. Hydrol.
275(1): 49–66. doi:10.1016/S0022-1694(03)00021-0.

Fiorini, A., Boselli, R., Amaducci, S., and Tabaglio, V. 2018. Effects of no-
till on root architecture and root-soil interactions in a three-year crop
rotation. Eur. J. Agron. 99: 156–166. doi:10.1016/j.eja.2018.07.009.

Govaerts, B., Verhulst, N., Castellanos-Navarrete, A., Sayre, K.D., and
Dixon, J.D. 2009. Conservation agriculture and soil carbon seques-
tration: between myth and farmer reality. Crit. Rev. Plant Sci. 28(3):
97–122. doi:10.1080/07352680902776358.

Gura, I., and Mnkeni, P.N.S. 2019. Crop rotation and residue management
effects under no till on the soil quality of a Haplic Cambisol in Alice,
Eastern Cape, South Africa. Geoderma, 337: 927–934. doi:110.1016/j.
geoderma.2018.10.042.

Guto, S.N., De Ridder, N., Giller, K.E., Pypers, P., and Vanlauwe, B. 2012.
Minimum tillage and vegetative barrier effects on crop yields in rela-
tion to soil water content in the Central Kenya highlands. Field Crops
Res. 132: 129–138. doi:10.1016/j.fcr.2011.10.014.

Hati, K.M., Swarup, A., Singh, D., Misra, A.K., and Ghosh, P.K. 2006.
Long-term continuous cropping, fertilization and manuring effects
on physical properties and organic carbon content of a sandy loam
soil. Aust. J. Soil Res. 44: 487–495. doi:10.1071/SR05156.

Houngnandan, P., Kouelo Alladassi, F., Akplo, T.M., and Hountongninou,
A. 2018. Effect of tillage, mulching and fertilizer on soil water content
and maize Nitrogen Use Efficiency (NUE) indices in degraded ferralsol
“Terre de Barre” of Southern Benin. In Soil quality and nutrient man-
agement for sustainable food production in mulch based cropping
systems in Sub-Saharan Africa. Report number IAEA-TECDOC-1858.
Final Report of a Coordinated Research Project. International Atomic
Energy Agency (IAEA), Vienna. pp. 30–39.

Hu, F.L., Gan, Y.T., Cui, H.Y., Zhao, C., Feng, F.X., Yin, W., et al. 2016. Inter-
cropping maize and wheat with conservation agriculture principles
improves water harvesting and reduces carbon emissions in dry ar-
eas. Eur. J. Agron. 74: 9–17. doi:10.17221/217/2018-PSE.

Downloaded From: https://complete.bioone.org/journals/Canadian-Journal-of-Soil-Science on 27 Jun 2025
Terms of Use: https://complete.bioone.org/terms-of-use

http://dx.doi.org/10.1139/CJSS-2021-0080
http://dx.doi.org/10.5897/AJPS2019.1927
http://dx.doi.org/10.5539/jas.v11n17p110
http://dx.doi.org/10.18006/2017.5(4).515.524
http://dx.doi.org/10.1016/j.still.2014.11.009
http://dx.doi.org/10.1016/S0167-1987(99)00107-5
http://dx.doi.org/10.1016/S0341-8162(01)00180-1
http://dx.doi.org/10.1098/rspa.1937.0109
http://dx.doi.org/10.1371/journal.pone.0208250
https://pubmed.ncbi.nlm.nih.gov/30566517
http://dx.doi.org/10.1111/sum.12531
http://dx.doi.org/10.1029/WR012i003p00423
http://dx.doi.org/10.1097/00010694-194501000-00006
http://dx.doi.org/10.1016/j.scitotenv.2015.02.005
http://dx.doi.org/10.1080/10440046.2011.620230
http://dx.doi.org/10.1080/00103620500303939
http://dx.doi.org/10.1016/S0022-1694(03)00021-0
http://dx.doi.org/10.1016/j.eja.2018.07.009
http://dx.doi.org/10.1080/07352680902776358
http://dx.doi.org/110.1016/j.geoderma.2018.10.042
http://dx.doi.org/10.1016/j.fcr.2011.10.014
http://dx.doi.org/10.1071/SR05156
http://dx.doi.org/10.17221/217/2018-PSE


Canadian Science Publishing

Can. J. Soil Sci. 102: 659–671 (2022) | dx.doi.org/10.1139/CJSS-2021-0080 671

IGN. 1992. Fond topographique du Bénin. République du Bénin, Cotonou.
Igué, A. M., Saidou, A., Adjanohoun, A., Ezui, G., Attiogbé, P., Kpagbin,

G., et al. 2013. Evaluation de la fertilité des sols au sud et centre du
Bénin. Bulletin de la Recherche Agronomique du Bénin. Numéro spé-
cial fertilité des sols, Bénin, p. 12–23.

IUSS Working Group. 2015. World Reference Base for Soil Resources
2014, Update 2015. International Soil Classification System for Nam-
ing Soils and Creating Legends for Soil Maps. World Soil Resources
Reports No. 106. FAO, Rome. p. 216.

Kasper, M., Buchan, G., Mentler, A., and Blum, W. 2009. Influence of soil
tillage systems on aggregate stability and the distribution of c and
n in different aggregate fractions. Soil Tillage Res. 105(2): 192–199.
doi:10.1016/j.still.2009.08.002.

Khoramizadeh, A., Jourgholami, M., Jafari, M., Venanzi, R., Tavankar, F.,
and Picchio, R. 2021. Soil restoration through the application of or-
ganic mulch following skidding operations causing vehicle induced
compaction in the Hyrcanian forests, Northern Iran. Land, 10: 1060.
doi:10.3390/land10101060.

Kiboi, M.N., Ngetich, K.F., Fliessbach, A., Muriuki, A., and Mugendi, D.N.
2019. Soil fertility inputs and tillage influence on maize crop perfor-
mance and soil water content in the Central Highlands of Kenya. Agri.
Water Manage. 217: 316–331. doi:10.1016/j.agwat.2019.03.014.

Kjeldahl, J.A. 1883. New method for the determination of nitrogen in
organic matter. Fresenius’ Z. Anal. Chem. 22: 366–382. doi:10.1007/
BF01338151.

Kouelo, A.F. 2016. Effects of farming practices on soil degradation in the
three watersheds of southern Benin [Effets des pratiques culturales
sur la dégradation du sol au niveau des trois bassins versants du sud
Bénin]. PhD diss. University of Abomey-Calavi, Benin.

Kumar, U., Mishra, V.N., Kumar, N., Srivastava, L.K., and Bajpai, R.K. 2020.
Soil physical and chemical quality under long-term rice-based crop-
ping system in hot humid eastern plateau of India. Commun. Soil Sci.
Plant Anal. 51: 1930–1945. doi:10.1080/00103624.2020.1812628.

Lal, R. 2004. Soil carbon sequestration impacts on global climate change
and food security. Science, 304: 1623–1627. doi:10.1126/science.
1097396. PMID: 15192216.

Le Bissonnais„ Y., Cerdan„ O., Lecomte„ V., Benkhadra„ H., Souchère„
V., and Martin„ P. 2005. Variability of soil surface characteristics
influencing runoff and interrill erosion. Catena 62(2–3): 111–124.
doi:10.1016/j.catena.2005.05.001.

Lizotte, R.E., and Locke, M.A., Jr. 2018. Assessment of runoff water quality
for an integrated best management practice system in an agricultural
watershed. J. Soil Water Conserv. 73(3): 247–256. doi:10.2489/jswc.73.
3.247.

Lizotte, R.E., Knight, S.S., Locke, M.A., and Bingner, R.L. 2014. Influence
of integrated watershed-scale agricultural conservation practices on
lake water quality. J. Soil Water Conserv. 69(2): 160–170. doi:10.2489/
jswc.69.2.160.

Mathieu, C., and Pieltain, F. 2003. Analyse chimique des sols: méthodes
choisies. Edition Tec & Doc, Montpellier, France. p. 387.

Mazarei, M., and Ahangar, A.G. 2013. The effects of tillage and geographic
factors on soil erosion: a review. Int. J. Agric. Crop Sci. 6: 1–24.

Mulumba, L.N., and Lal, R. 2008. Mulching effects on selected soil phys-
ical properties. Soil Tillage Res. 98: 106–111. doi:10.1016/j.still.2007.
10.011.

Mupangwa„ W., Twomlow„ S., Walker„ S., and Hove„ L 2007. Effect of
minimum tillage and mulching on maize (Zea mays L.) yield and wa-
ter content of clayey and sandy soils. Physics and chemistry of the

earth, parts A/B/C. 32(15–18): 1127–1134. doi:10.1016/j.pce.2007.07.
030.

NASA JPL. 2020. NASADEM Merged DEM Global 1 arc second V001 [Data
set]. NASA EOSDIS Land Processes DAAC. Washington, DC, United
States of America. Available from https://doi.org/10.5067/MEaSUREs
/NASADEM/NASADEM_HGT.001[accessed 30 December 2020].

Nebo, G. I., Manyevere, A., Araya, T., and van Tol, J. 2020. Short-term im-
pact of conservation agriculture on soil strength and saturated hy-
draulic conductivity in the South African semiarid areas. Agriculture,
10(9): 414. doi:10.3390/agriculture10090414.

Nelson, D.W., and Sommers, L.E. 1996. Total carbon, organic carbon, and
organic matter. Methods of soil analysis, Part 3: chemical methods.
Vol. 5. American Society of Agronomy, Madison, WI. pp. 961–1010.
doi:10.2136/sssabookser5.3.c34.

Pagnani, G., Galieni, A., D’Egidio, S., Visioli, G., Stagnari, F., and Pisante,
M. 2019. Effect of soil tillage and crop sequence on grain yield and
quality of durum wheat in Mediterranean areas. Agronomy, 9: 488.
doi:10.3390/agronomy9090488.

Robinson, G.W. 1922. A new method for the mechanical analysis of
soils and other dispersions. J. Agric. Sci. 12(3): 306–321. doi:10.1017/
S0021859600005360.

Saïdou, A., Balogoun, I., Ahoton, E.L., Igué, A.M., Youl, S., Ezui, G., et al.
2018. Fertilizer recommendations for maize production in the South
Sudan and Sudano-Guinean zones of Benin. Nutr. Cycling Agroe-
cosyst. 110(3): 361–373. doi:10.1007/s10705-017-9902-6.

SAS Institute. 2013. Base SAS 9.4 procedures guide. SAS Institute, Cary,
NC.

Schiettecatte, W., Verbist, K., and Gabriels, D. 2008. Assessment of detach-
ment and sediment transport capacity of runoff by field experiments
on a silt loam soil. Earth Surf. Processes Landforms 33(8): 1302–1314.
doi:10.1002/esp.1642.

Shapiro, S.S., and Wilk, M.B. 1965. An analysis of variance test for normal-
ity (complete samples). Biometrika, 52(3–4): 591–611. doi:10.1093/
biomet/52.3-4.591.

Sharma, P., and Abrol, V. 2005. Tillage effects on soil health and
crop productivity: a review. Available from https://www.intechopen
.com[accessed 2 September 2019].

Thierfelder, C., Cheesman, S., and Rusinamhodzi, L. 2013. Benefits and
challenges of crop rotations in maize-based conservation agriculture
(CA) cropping systems of southern Africa. Int. J. Agric. Sustainability,
11: 108–127. doi:10.1080/14735903.2012.703894.

Toom, M., Tamm, S., Talgre, L., Tamm, I., Tamm, Ü., Narits, L., et al. 2019.
The effect of cover crops on the yield of spring barley in Estonia. Agri-
culture, 9: 172. doi:10.3390/agriculture9080172.

Uwizeyimana, D., Mureithi, S.M., Karuku, G., and Kironchi, G. 2018. Ef-
fect of water conservation measures on soil moisture and maize yield
under drought prone agro-ecological zones in Rwanda. Int. Soil Water
Conserv. Res. 6: 214–221. doi:10.1016/j.iswcr.2018.03.002.

Vincent-Caboud, L., Vereecke, L., Silva, E., and Peigné, J. 2019. Cover crop
effectiveness varies in cover crop-based rotational tillage organic soy-
bean systems depending on species and environment. Agronomy, 9:
319. doi:10.3390/agronomy9060319.

Walkley, A., and Black, I.A. 1934. An examination of Degtjareff method
for determining soil organic matter and a proposed modification of
the chromic acid titration method. Soil Sci. 37(1): 29–37.

Zhang, W., Ricketts, T.H., Kremen, C., Carney, K., and Swinton, S.M. 2007.
Ecosystem services and dis-services to agriculture. Ecol. Econ. 64:
253–260. doi:10.1016/j.ecolecon.2007.02.024.

Downloaded From: https://complete.bioone.org/journals/Canadian-Journal-of-Soil-Science on 27 Jun 2025
Terms of Use: https://complete.bioone.org/terms-of-use

http://dx.doi.org/10.1139/CJSS-2021-0080
http://dx.doi.org/10.1016/j.still.2009.08.002
http://dx.doi.org/10.3390/land10101060
http://dx.doi.org/10.1016/j.agwat.2019.03.014
http://dx.doi.org/10.1007/BF01338151
http://dx.doi.org/10.1080/00103624.2020.1812628
http://dx.doi.org/10.1126/science.1097396
https://pubmed.ncbi.nlm.nih.gov/15192216
http://dx.doi.org/10.1016/j.catena.2005.05.001
http://dx.doi.org/10.2489/jswc.73.3.247
http://dx.doi.org/10.2489/jswc.69.2.160
http://dx.doi.org/10.1016/j.still.2007.10.011
http://dx.doi.org/10.1016/j.pce.2007.07.030
https://doi.org/10.5067/MEaSUREs/NASADEM/NASADEM_HGT.001
http://dx.doi.org/10.3390/agriculture10090414
http://dx.doi.org/10.2136/sssabookser5.3.c34
http://dx.doi.org/10.3390/agronomy9090488
http://dx.doi.org/10.1017/S0021859600005360
http://dx.doi.org/10.1007/s10705-017-9902-6
http://dx.doi.org/10.1002/esp.1642
http://dx.doi.org/10.1093/biomet/52.3-4.591
https://www.intechopen.com
http://dx.doi.org/10.1080/14735903.2012.703894
http://dx.doi.org/10.3390/agriculture9080172
http://dx.doi.org/10.1016/j.iswcr.2018.03.002
http://dx.doi.org/10.3390/agronomy9060319
http://dx.doi.org/10.1016/j.ecolecon.2007.02.024


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /RelativeColorimetric
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 99
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 225
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 225
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


