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Abstract: Kuinima forest ecosystem, a classified forest, located in western Burkina Faso, is undergoing accelerated
degradation due to climatic hazards and anthropogenic factors such as excessive cutting of trees, bush fires, etc. The
main objective of this study is to assess the contribution of three water and soil conservation techniques (Zaï forest,
stone rows, Zaï forest+ stone rows) to soil carbon sequestration and their impact on some soil physicochemical
parameters. Thus, soil samples were taken, and the physicochemical parameters of the soil were analyzed in the
laboratory. The organic carbon stock was calculated based on the results of the carbon content analysis. The results
revealed that the treatments had higher clay and silt contents than the control. The treatments also had a significant
impact on soil organic carbon content, total nitrogen, available potassium and cation exchange capacity over the 020 cm depth. Compared to the control, the Zaï forest, Zaï forest+stone rows and stone rows treatments led to
respective increase in the carbon stock of 166%, 77% and 21%. In conclusion, this study has shown that Zaï forest
and stone rows can contribute significantly to soil carbon sequestration to fight against climate change.
Keywords: Zaï Forest, Carbon Stock, Climate Change, Stone Rows, Burkina Faso
Introduction
Climate change is a current phenomenon that affects
all the countries in the world. It causes rising
temperatures, rising sea levels and accentuates soil
degradation, droughts, famines, seasonal disruption,
diseases, seismic activities, etc. As a result, it is a
problemand a debate of great concern in the scientific
community for the past decades (Koala, 2016).
Climate change is due to the emission of huge
amounts of greenhouse gases for many years,
especially from the industrial revolution (Ouoba et
al., 2013). The most affected continents are Africa
and Asia (Ouattara et al. 2008; Hassan, 2010). These
gases come largely from human activities such as
industrial pollution, land-use change, agricultural
intensification, deforestation, spraying of synthetic or
inorganic agro-chemicals, increased road traffic, etc.
(Robert and Saugier, 2003).
Dryland ecosystems cover about one-third of the
Earth’s surface and play a crucial role in the global

carbon cycle because the soil in these systems store
15.5% of the world’s soil organic carbon (SOC)
(Jobbágy and Jackson, 2000). However, most of these
regions have been degraded and turned into desert by
the combined effects of climate change,
deforestation, excessive grazing and improper use of
water (Li et al., 2016).
Forest ecosystems store more than 80% of all
terrestrial aboveground C and more than 70% of all
soil organic C (Jobbágy and Jackson, 2000; Six et al.,
2002). An increase in soil respiration would increase
the CO2 emissions from forest ecosystems. In order to
mitigate climate change, more C should be
sequestered in forest ecosystems and strategies for an
adapted forest management are sought (Jandl et al.,
2007).
The terrestrial ecosystems mitigate the impact of
these emissions while capturing, sequestering and
trapping more thanone-third of the carbon. The main
mechanisms used to achieve these effects are
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photosynthesisand, the respiration of plants (marine
or terrestrial) and soil microorganisms, considered as
reservoirs of carbon orcarbon sink. Fromthe decade
2004-2013, the world ocean absorbed 2.6 billionof
tonnes of carbon per year, which represents nearly
30% of the human emission during this period (Bopp
et al., 2015).
The soil is the biggest reservoir of carbon on the
planet, with 615 billions of tonnes in the first 20
centimeters and 2344 billions of tonnes down to a
depth of 3 meters (IAD, 2013). According to the
INRA (2015), to increase every year the stock of
carbon in soils by 4 for 1000 in the first 40
centimeters of soil would permit, in theory, to stop
the present increase of the quantity of CO2 in the
atmosphere, in order to put an end to deforestation.
Thus, the growth of carbon storage as organic matter
of soils could play an important role in the struggle
against the increase of greenhouse gases effects in the
atmosphere and therefore in the prevention ofclimatic
change (Arrouays et al., 2003).
In Africa, in addition to climate change, the
phenomenon of the rapid increase in demography
also exists. These two combined situations generated
a serious or an irreversible deterioration of the soil.
According to Gomgnimbou et al. (2010), more than
65% of the African agricultural soils are damaged
due to human activities. The productions and the

incomes coming from traditional practices of
breeding and agriculture as means of subsistence,
become more and more precarious (Koala, 2016).
To adapt themselves to it, populations have resorted
to a multitude of strategies among which the soils and
waters conservation techniques which are the subject
of our study.
The general objective of this study is to assess the
potential of carbon sequestration to augment the
existing mechanisms against desertification and the
rehabilitation of damaged soils and their impact on
some physicochemical parameters of soil.
I. Materials and methods
I. 1 Study area
The study was carried out in the classified Forest of
Kuinima. It is located in west Burkina Faso between
11°03’-11°7’N and 04°19’-04°36’W (Figure 1). It
had a surface of 4000 ha in 1935; presently it only
covers a surface of 2150 ha. The other part has been
relegated in May 1947. The area has a south-sudanian
climate with two seasons, a rainy season from June to
September and a dry season from October to May
(Fontes and Guinko, 1995). The average annual
rainfall is 1000 mm and the average annual
temperature is 30 °C. The soils are mainly tropical
ferruginous andthe slope ranging from 3 to 4%.

Figure 1 : Location of Kuinima classified forest

http://www.ijSciences.com

Volume 8 – November 2019 (11)

33

Contribution of Soil and Water Conservation Techniques to Soil Carbon Sequestration in a Forest Ecosystem
in West Africa (Burkina Faso)
I.2 Experimental setup
The experimental setup was a Fischer completely
randomized block design with three treatments and a
control with three replicates. The three treatments
were stone-rows (SR), Zaï forest (ZF) and zaï forest
combined with stone-rows ZF-SR). The stone-rows
are anti-erosive pieces of work made of carefully
arrangement of stones onlevel curves. The Zaï forest
is a seed hole of 15 cm of depth and a diameter of
about 20 cm (Yaméogo et al., 2013).
I.3 Soil sampling
Two types of soil samples were collected at each plot
level: composite soil samples and cumulative mass
soil samples. Composite soil samples were taken
from three points in each plot. The first point is

situated in the center of the plot and the two othersat
12.5 m of the center with respect to the plot length.
Samples were taken at 0-20 cm depth for the
characterization of the initial state in 2007 and at 020 cm and 20- 40 cm depths for the follow-up in
2016. In each plot, the samples of the same depth
were mixed to constitute a composite sample, and
700 g of soils were taken for laboratory analyses.
Cumulative mass soil samples were collected in the
center of each plot with a soil auger and a metallic
plate of sampling used as an auger guide, to prevent
collapse of the hole near the surface, and to aid full
recovery of the soil sample (Figure 2). For each
depth, the whole soil was collected to estimate bulk
density of the soil (Aynekulu et al., 2011)

Figure 2 : Photo of cumulative mass soil sampling (Compaoré M. C. Tatiana 12/06/2016).
I.4 Soil analysis
Soil texture analyses were achieved using the pipette
method (Loveland and Whalley, 1991). The pH was
measured with the pH-water method using a 1:2.5
soil/water suspension following the procedure
described by Sahilemedhin and Taye (2000). Soil
organic carbon (SOC) content was measured
following the wet oxidation method (Walkley and
Black, 1934). Total exchangeable phosphorus (ExcP) by the Bray I method (van Reeuwijk, 2002), and
available potassium (Avail-K) by atomic absorption
spectrometry after extraction of ammonium acetateextractable
cations
((BUNASOLS,
1987).
Exchangeable base cations (Ca2+, Mg2+, K+ and Na+)
contents and soil cation exchange capacity (CEC)
were determined using inductively coupled plasma
spectrometry (BUNASOLS, 1987) and total nitrogen
(N) by the Kjeldahl method (Bremner, 1965).
I.5Calculation of soil organic carbon stocks
The soil organic carbon stock assessment was made
according to the procedure described by Aynekulu et
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al. (2011). The cumulative mass soil of each plot was
air-dried and the entire air-dried soil sample was
weighed to 0.1 g and recorded (EAS=entire air-dried
soil). To determine gravimetric moisture content on
the sample, a labeled sample tin was weighed for
taking oven-dry moisture content and its weight
recorded (TE=tin empty). An approximately 50 g
representative subsample of the original sample was
taken and placed into the weighed sample tin and tin
+ air-dried soil weight was recorded (TAS =tin+airdriedsoil). Tin + air-dried soil was placed into an
oven at 105 °C until a constant weight was obtained
(~48 hrs.). Once the soil was dry, tin + oven-dried
soil were weighed and the weight was recorded
(TAS1). The gravimetric moisture (GM) content was
calculated with the following equation:
GM  (

(TAS  TE )  (TAS1  TE )
) x100
(TAS1  TE )

To determine the percentage of the coarse fraction,
the rest of the air-dried soil and after having been
taken from the 50 g of the parboiling, is sieved with a
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sieve of 2 mm to obtain the mass of the coarse
fragments (CF).
The percentage of the coarse fraction was obtained by
the following formula:
( )
CF=mass of coarse fragments; EAS= Total mass of
air-dried soil.
To calculate the organic carbon stock in an equivalent
soil mass, three types of variables were measured:
soil organic carbon concentration, soil bulk density,
and soil depth.
Soil bulk density was calculated from ovendried soil weight of a given soil volume (Aynekulu et
al.,
2011).
ρ = bulk density (g cm-3);
M = oven-dryweight of soil (g);
V = volume of soil (cm-3) = πr2p;
r = auger radius and p = sampling depth in cm.
The organic carbon stock was obtained by (Aynekulu
et al., 2011):
(

)

Where :
SOC = soil organic carbon stock (t C ha-1);
C = soil organic carbon concentration of fine
soils(fraction <2 mm) determined in the laboratory
(%, g kg-1);
ρ = soil bulk density (g cm-3);

D = depth of the sampled soil layer (cm);
frag = % mass fraction of the coarse fragments/100;
100 was used to convert the units to t C ha-1.
I.6 Statistical analysis
After the normality verification with Shapiro-Wilk
test, the data were processed with ANOVAusing the
XLSTAT 7.5 software. The test of Newman-Keuls
was used to compare averages at the 5% level of
significance.
II. Results
II.1. Physical parameters
The initial physical characterization of the soil did
not show a significant difference (p> 0.05) between
treatments for 0-20 cm depth (Table 1).
After ten years of application, ZF-SR treatments; ZF
and SR had significantly higher clay and silt contents
(p <0.05) than C in the 0-20 cm depth (Table 1).
Indeed, ZF-SR recorded the highest content of clay
(248.8 gkg-1) and silt (274.8 gkg-1), and the lowest
levels of these elements were observed in C.
However, the higher sand content was observed in C
(652.5 gkg-1) and the lowest in ZF-SR (476.5 gkg-1).
In the 20-40 cm depth, the analysis of variance did
not show any significant differences (P>0.05)
between the different treatments in 2016.

Table 1: Soil texture of different treatments
Depth

0-20 cm

20-40 cm

Treatment
ZF-SR
ZF
SR
C
Probability
Significance
ZF-SR
ZF
SR
C
Probability
Significance

Clay(gkg-1)
2007
202.212.4a
194.573.6a
198.632.7a
210.681.3a
0.12
NS
-

2016
248.823.3a
222.229.9a
216.409.4a
172.505.6b
0.01
S
281.022.6a
326.840.8a
284.940.7a
261.605.9a
0.14
NS

Silt(gkg-1)
2007
223.343.1a
215.509.6a
215.542.8a
199.619a
0.07
NS
-

2016
274.819.6a
235.319.6b
219.305.8b
175.010.2c
<0.01
VHS
248.449.3a
241.811.3a
215.928.0a
238.406.4a
0.68
NS

Sand(gkg-1)
2007
574.5754.2a
590.0026.5a
585.9104.2a
589.8215.5a
0.49
NS
-

2016
476.530.8c
542.549.3b
564.4  05.8b
652.515.5a
<0.01
HS
470.633.9a
431.433.9a
499.212.7a
500.10.8a
0.05
NS

ZF :Zaï forest; SR : Stone rows, ZF-SR : Zaïforest+stone rows; C= control
NS = No significant; S : Significant; HS : High significant ; VHS : Very high Significant
The treatments with the same letter in the same column are not statistically different at p=0.05 with StudentNewman-Keuls test for this parameter
II.2. Chemical parameters
Table 2 and 3 present the results of the chemical soil
analysis at 0-20 cm and 20-40 cm depths. The initial
soil chemical parameters(Table 2) did not show
significant differences between treatments (p>0.05).
After ten years, highly significant differences were
observed between treatments for the soil chemical
parameters SOC and N (p<0.01) in the depth 0-20 cm
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but no significant differences were noticed for the
same parameters in the 20-40 cm depth (Table 3). For
these two respective parameters, the higher values
were observed in ZF-SR (10gkg-1 and0.8 gkg-1) and
ZF (11.3 gkg-1 and 0.8 gkg-1). Their lower values
were found in C (5.3 gkg-1and 0.4 gkg-1). The content
of avail-K was significantly higher (p<0.01) in ZFSR for the two depths and only in the 0-20 cm depth
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for ZF. Furthermore, the CEC was significantly
different (p<0.05) between the treatments only in the
20-40 cm depth. Its higher values were found in ZF
(7.84 cmol/kg) and ZF-SR (6.89 cmol/kg). Its lower
value was found in C (5.43 cmol/kg). The sum of

exchangeable base cation (SBE) was significantly
higher (p<0.01) in 0-20 cm depth for ZF (2.77
cmol/kg) and ZF-SR (2.11 cmol/kg). There were no
significant differences between the treatments for
pHwater, Exc-P and V (p>0.05).

Table 2: Initial soil chemical characteristics in the experimental plots (3 replicates)

ZF :Zaï forest; SR : Stone rows, ZF-SR : Zaïforest+stone rows; C= control
SOC = Soil organic carbon, N = Total nitrogen, Exc-P= Exchangeable phosphorus, Avail-K = Available potassium,
CEC = Cation exchange capacity, SBE = sum of exchangeable bases, NS = No significant, V=Rate of saturation;
Table3: Soil chemical parameters of treatments on 0-20 and 20-40 cm depths (3 replicates)

ZF :Zaï forest; SR : Stone rows, ZF-SR : Zaïforest+stone rows; C= control
SOC = Soil organic carbon, N = Total nitrogen, Exc-P= Exchangeable phosphorus, Avail-K = Available potassium,
CEC = Cation exchange capacity, SBE = sum of exchangeable bases, V=Rate of saturation; NS = No significant, S :
Significant; HS : High significant ; VHS : Very high Significant
The treatments with the same letter in the same column are not statistically different at p=0.05 with StudentNewman-Keuls test for this parameter.
11.3. Carbonsequestration
11.3.1. Soilcoarse fraction
Table 4 presents the results of the analysis of the
coarse fraction of the soil. In the 0-20 cm depth, the
coarse fraction varies significantly between different
treatments (p<0.05). The highest value (56.37%) is
observed in SR and the lowest value (25.73%) in ZF.
On the 20-40 cm depth, the coarse fraction effect is
highly significant (p <0.01) between the treatments.
The highest value is recorded in C (57.41%) and the
lowest value in ZF (28.16%).

ZF :Zaï forest; SR : Stone rows, ZF-SR :
Zaïforest+stone rows; C= control
The treatments with the same letter in the same
column are not statistically different at p=0.05 with
Student-Newman-Keuls test for this parameter.
S : Significant ; HS : High Significant.

Table 4: Soil coarse fraction (Frag) on two depths

On the first depth, the organic carbon stock was
significantly and positively influenced by the
different treatments (p <0.01). Compared to C,
treatments ZF, ZF-SR and SR resulted in respective
organic carbon stock increases of 166%, 77% and
21%. Over the 20-40 cm depth, the ZF and ZF-SR
treatments significantly improved (p <0.05) the
organic carbon stock. The increases over C were 86%

Treatments
ZF-SR
ZF
SR
C
Probability
Significance

Frag (%)
0-20 cm
45.127.54a
25.737.55b
56.3718.37a
46.7610.71a
0.04
S

Frag (%)
20-40 cm
48.521.87a
28.164.69b
52.503.22a
57.417.78a
0.001
HS
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II.3.2 Soil carbon stock
The organic carbon stock values of the different
treatments at depths 0-20 cm and 20-40 cm are given
in Table 5.
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and 47% for ZF and ZF-SR. Organic carbon stocks of
SR and C remained approximately the same on this
horizon. Comparing the carbon stock on both depths,
we noted that it fellsharply from the 0-20 cm depth to
the 20-40 cm depth. This decrease is 69%, 64%, 73%
and 56% respectively for ZF, ZF-SR, SR and C.
Table5: Soil organic carbon stock on 0-20 and 20-40
cm depht
Treatments
ZF-SR
ZF
SR
C
Probability
Significance

SOC (t C/ha)
0-20 cm
11.811.16b
17.752.07a
8.033.29c
6.660.49c
0.001
HS

SOC (t C/ha)
20-40 cm
4.301.14a
5.431.99a
2.140.32b
2.922.28b
0.043
S

ZF :Zaï forest; SR : Stone rows, ZF-SR : Zaï
forest+stone rows; C= control
HS : High significant ; S : Significant.
The treatments with the same letter in the same
column are not statistically different at p=0.05 with
Student-Newman-Keuls test for this parameter.
III. Discussion
III.1. Physical properties
In the 0-20 horizon, managed treatments (ZF-SR, ZF
and SR) improved the texture by increasing the
proportion of the silt and clay fraction at the expense
of sand. Indeed, the sandy fraction is a factor that
promotes the loss of water and nutrients by leaching.
Our results were in keeping with those of Yaméogo
(2016)who found that ZF-SR, ZF and SR treatments
significantly reduced coarse sand content and
significantly improved clay and silt contents
compared to the control. According to him, those
treatments reduced the speed of runoff water and
water erosion, which allowed the retention and
accumulation of soil fine particles.ZF-SR is the
treatment that ensured the best reduction of runoff
water velocity because it combined the impact of ZF
with that of the SR. According to Baye and Terefe
(2009), Kassa et al. (2017), soil and water
conservation techniques play an important role in
controlling runoff and sediment transport.
In depth 20-40 cm, variations of the content of
different physical parameters are not significant. This
could mean that the improvement of the soil texture
by the treatments is progressive from superficial
horizons towards the deep horizons of soil.
III.2 Chemical properties
The ZF, ZF-SR and SR treatments had organic
carbon and total nitrogen contents higher than C in 020 cm depth. This could reflect an improvement in
the organic status of this horizon, due to the nature of
the devices in place, which allowed better retention
of organic particles. The higher content of the ZF

http://www.ijSciences.com

treatment in organic carbon and total nitrogen
compared to SR, could be explained not only by the
contribution of compost in the ZF holes, but also by
the fact that they constituted "dumps" organic debris
from runoff and wind action. Our results are in
agreement with those of Zougmoré et al. (2000)
according to which the ZF would increase soil
organic matter more than stone rows. In addition,
Barton et al. (2016) attests that soil management with
organic matter input increases productivity and soil
nitrogen content.
With regard to the exchangeable phosphorus, the ZFSR, ZF and SR treatments had contents higher than
C. The low value of P in C could be attributed to the
fact that it records the lowest values of the other
chemical parameters and in clay. In fact, the natural
affinity of soil to immobilize phosphorus would vary
according to its chemical properties such as
aluminum, OM, calcium and pH (Sims et al., 2002,
Daly et al., 2015; Thomas et al., 2016). Other
researchers (Svanback et al., 2014) link soil
phosphorus loss to clay content and soil porosity.
Treatments ZF-SR, ZF and SR have improved the
available potassium content compared to C. But
unlike the available phosphorus, ZF-SR recorded the
highest content of the available potassium. This could
reflect the fact that the available potassium content in
the soil does not depend only on soil organic matter,
but also on soil type (Ouédraogo, 2013). For
chemical parameters such as CEC and SBE, the ZFSR, ZF and SR treatments recorded higher levels than
C. The ZFtreatment showed the highest CEC and
SBE valuesas well as the saturation ratio because its
organic matter level was higher. Thus, Ouédraogo
(2004), Kihara et al. (2016) indicate that organic
matter increases the CEC and thus the quantity and
availability of mineral elements in the soil.
In the 20-40 cm depth, the ZF, ZF-SR and SR
treatments had organic carbon contents higher than C.
However, those values remained lower than in the
first horizon. It was the same for CEC and SBE. This
also showed that the impact of the techniques is more
perceptible in the superficial horizons than in the
deep horizons for the chemical elements.
III.3. Soil carbon stock
The treatments showed a higher organic carbon stock
than the control plot in depths 0-20 cm and 20-40 cm.
This proved that treatments have helped to better
sequester carbon in the soil. The treatments would
thus contribute to the improvement of the physical
and chemical conditions for a better carbon
sequestration on the lands where they are applied.
In general, there is a decrease in the carbon stock
according to the soil profile for all treatments. This
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decrease is lesser at the control level (56%) compared
with ZF-SR (64%), ZF (69%) and SR (73%)
treatments. This could reflect an improvement in the
organic carbon stock more rapidly at the superficial
horizons. This finding of the concentration of carbon
stock in the first centimeters of soil has also been
reported by several authors (Martin et al., 2011;
Koala et al., 2015; Yang et al., 2016; Brahma et al.,
2018; Gao et al., 2017). In addition, the ZF-SR and
ZF treatments induced a large development of
herbaceous and woody plants with a deposit of a
large amount of litter. These plants also allow,
through the residues of their root system, a significant
sequestration of carbon in the superficial horizons of
the soil (Lockwell et al., 2012; Zatta et al., 2014;
Richter et al., 2015; Clifton-Brown et al., 2007).
Indeed, according to Chenu et al. (2014) the duration
of residence of C in soil depends on the composition
of organic matter and local conditions (temperature,
humidity, aeration, etc.). In addition, this time is
increased by the association of organic matter with
soil mineral particles, in particular clay, which
providea physicochemical protection of MO with
respect to the action of decomposing microorganisms
(Deenik, 2006; Lal, 2004b, Alberti et al., 2015).
According to Merante et al. (2017) and Lal (2004a)
management practices can significantly influence the
ability of the soil to sequester SOC through the
improvement
of
micro-aggregates
stability,
humification, translocation of organic carbon from
the soil to deep horizons avoiding erosion and
carbonate formation. In addition, Barton et al. (2016)
concluded that incorporation of OM into the soil
reduces greenhouse gases.
Conclusion
The purpose of this study was to evaluate the impact
of three water and soil conservation techniques on
soil carbon sequestration and on the evolution of
some physicochemical parameters of the soil in a
degraded forest ecosystem. The results showed that
the three techniques (ZF, SR, ZF-SR) significantly
improved the mineral soil texture by increasing the
rate of the clay and silt fraction to the detriment of
the sandy one in the 0-20 cm depth. The same
observation was noticed with organic carbon, N,
avail-K and SBE. The organic carbon stock was
significantly and positively influenced by the
different treatments. ZF, ZF-SR and SR treatments
resulted in respective organic carbon stock increase
of 166%, 77% and 21% in the 0-20 cm depth
compared with C. This study proved the need to
implement those techniques in forest ecosystems
under the influence of human actions to increase their
resilience and fight against climate change.
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