


Producers' perception of the contribution of stone bunds and their association with grass strips in improving soil fertility in the Koundougou commune	Comment by THILAN COMPUTERS: Producer perception on the impact of stone bunds and grass strips on soil fertility improvement in the Koundougou commune

Abstract
Some regions in general, and the Houet province in particular, like other regions of Burkina Faso, are subject to continuous degradation of arable land, negatively impacting agricultural production. To curb this phenomenon, farmers have implemented water and soil conservation techniques using stone lines and grass strips. To better understand the impact of these techniques on their fields, a study was conducted in rural areas in the Hauts-Bassins region, Houet province, specifically in the commune of Koundougou. 
Aims: The purpose of this study was to assess the contribution of CES/DRS works to improving the quality of agricultural lands, particularly in terms of yields, and also to understand the producers' perception of these soil and water conservation measures. 	Comment by THILAN COMPUTERS: Mention what these abbreviations stand for.
Place and Duration of Study: The study was conducted in Burkina Faso, over Koundougou over twelve months. Environment and Agricultural Research, Farako-Bâ station over twelve months. 
Methodology: To this end, Ssurveys in farming communities were conducted on 30 farms aiming to with a view the nature of to sustainable soil fertility management. 
Results: At the end of this study, Tthe results revealed that stone cordons and grass strips individually improve soil fertility and agricultural yield. In addition, the combined use of these two techniques has an enhanced effect on agricultural parameters. The improvement of these parameters has positively impacted the soils. Beyond these measurable parameters, the study found that more than 90% of producers are able to actually perceive the positive and significant impact of these structures in their fields and are convinced of the usefulness of these practices.
Keywords: Grass strips and stone cords, soil quality, production systems, perception
[bookmark: _Toc75865222]1. INTRODUCTION	Comment by THILAN COMPUTERS: Section numbering may not be necesary
The state of land degradation worldwide is becoming an increasingly concerning situation. Over 30% of land globally is degrading, and only 10% of it is experiencing an improvement in fertility (ODI, 2014). In countries south of the Sahara, climate change and rapid population growth have led to harmful effects on the environment in general and on soils in particular. Indeed, in these countries, the demographic growth of recent decades is around 3%, which corresponds to a doubling of the population every 25 years (Jouve, 2005). This demographic growth is accompanied by increased pressure on natural resources, with the consequent reduction of arable land (Jouve, 2005), which leads to a massive migration of populations toward urban areas in search of a better life. Burkina Faso, like other sub-Saharan countries, faces environmental challenges, particularly desertification and land degradation due to climatic hazards and human activities (SP CONEDD, 2006). Despite political commitment demonstrated through the development and implementation of related projects and programs, the situation remains concerning. Moreover, the country's rainfall is characterized not only by a significant variation in the amount of water received but also by its poor spatial and temporal distribution, leading to the emergence of recurring drought pockets. Insufficient rainfall and the inadequacy of agricultural practices have led to the destruction of vegetation cover and the exposure of soils to wind and rain, thereby accelerating their degradation. In the Hauts Bassins region and other areas of Burkina Faso, land degradation is a major problem, with the emergence of bare soils affecting soil fertility and having adverse consequences on agricultural production (PATECORE, 2005). In some cases, this situation leads to the abandonment of these soils in a context of the continuous disappearance of fallow lands due to land pressure (Kagambèga et al., 2011). A 2017 report from the Agricultural Productivity Improvement Project through Water and Soil Conservation (PACES) highlights the state of land degradation in this locality of the country, where the situation is very concerning. 
The reality of this land degradation situation has led the population to adopt water and soil conservation techniques, soil protection and restoration (CES/DRS), with a focus on stone bunds and grassed strips combined with compost and organic manure (as in the case of Koundougou). These techniques have a significant impact on soil fertility and increase soil productivity. Numerous studies exist on the impact of these CES/DRS techniques (Yougbare et al., 2008; Doamba et al., 2011). However, few studies have been conducted on the actual contribution of these CES/DRS structures to the improvement of agricultural land quality in peasant (real) environments on the one hand, and on the perception of producers regarding these techniques in this locality of the country on the other. It is within this perspective of better controlling the soil degradation situation for sustainable management that the present study was initiated. This study is aaims at contributingon to a better understanding of production systems based on stone bunds and grass strips in improving the quality of agricultural land to ensure the sustainability of production systems in Burkina Faso.
2. METHODOLOGY
[bookmark: _Toc75865235]2.1. Study area
[bookmark: _Toc75865236]2.1.1. Geographical Situation
[bookmark: _Toc75865237]Koudougou is a rural commune and the administrative center of the Koundougou department located in the Houet province of the Hauts-Bassins region (Figure 1). With a population of 7,734 inhabitants (2006), it is situated 75 km from Bobo Dioulasso and 50 km from the commune of Bama. The commune is crossed by National Road 9 and is near the classified Tere forest. Koundougou is composed of 5 villages: Kogoma, Koredeni, Mangorotou, Soumorodougou, and Tarama.
2.1.2. Climate and rainfall	Comment by THILAN COMPUTERS: Climate includes rainfall
[bookmark: _Toc75865339]The commune of Koundougou straddles the Sudanian or South-Sudanese zone, delimited to the north by the 900 mm isohyet, and the Sudano-Sahelian zone, situated between the 900 and 600 mm isohyets. Two seasons prevail in this area: a dry season from November to April and a rainy season from May to October, with peak rainfall recorded in July and August. The average annual rainfall over the past six (06) years amounts to 953.16 mm. Table 1 provides information on rainfall variations from 2007 to 2012.
Table 1 : Rainfall data from 2007 to 2012
	                 Year
	Rainfall
	Number of rainy days

	2007
	800
	57

	2008
	954
	87

	2009
	1380
	55

	2010
	905
	60

	2011
	632
	52

	2012
	541
	49

	Average
	868,6
	60


Source : ZAT Koundougou, my 2013
[bookmark: _Toc75865238]2.1.3. Relief
[bookmark: _Toc75865239]The commune of Koundougou is located on the sandstone massif that occupies almost the entire southwestern part of the country. The average altitude is 400 meters in the eastern part and 450 meters in the western part. This terrain, subjected to erosion, has been flattened over time.
2.2. Methods 
[bookmark: _Toc75865240]2.2.1. Development and proposal of the questionnaire	Comment by THILAN COMPUTERS: This title is not clear. Reword
[bookmark: _Toc75865241]The study was conducted in a rural area in the village of Koundougou over a period of 12 months. This village serves as a model for the implementation of CES/DRS interventions, specifically stone bunds and grass strips. To collect the information necessary for our study, an individual questionnaire was developed. This form aimed to gather information such as: (i) the identity of the respondent, (ii) land tenure status, (iii) knowledge about CES/DRS, (iv) the contribution of stone bunds and grass strips to soil properties, and (v) the estimation of the impact of stone bunds and grass strips on yields.
2.2.2. Producers' Choice
2.2.2.1. Population sampling
We spoke discussed with one of the agricultural technicians in the study area and with focal points, in order to have a basis that could be used for our sampling. This allowed us to have a list of 17 people practicing CES/DRS in the commune of Koudougou. Indeed, given the number of beneficiaries, the size of our sample consisted of all of these beneficiaries, 100%.
2.2.2.2 Semi-structured interviews: administration of the questionnaire
[bookmark: _Toc75865242]A semi-structured questionnaire was prepared. The questionnaire was pre-tested with 5 producers in Koundougou before being administered to the entire sample. These interviews were conducted individually with the 30 agricultural producers practicing CES/DRS in the study area of Koundougou. The questions focused on the CES/DRS structures implemented in the fields, the use of organic fertilizer, and the impact of stone lines and grass strips on the fields.
2.3. Data processing and analysis
[bookmark: _Toc75865243]The collected data were processed and then entered using Excel 2013. For the statistical analysis, we used XLSTAT 2016.
RESULTS AND DISCUSSION 
[bookmark: _Toc75865244]3.1. Résults
3.1.1. CES/DRS techniques practiced
[bookmark: _Toc75865340]Table 2 provides information on the different CES/DRS techniques practiced by the respondents. Among these producers, 41.17% use stone cords, 29.41% practice grass strips, 5.88% use live hedges, and 23.52% use grass strips combined with stone cords. The survey results also revealed that the experience of farmers in CES/DRS management ranges from 1 to 40 years. The average experience is approximately 12 years for all farmers, indicating that they have knowledge in this field.
Table 2 : CES/DRS techniques practiced
	CES/DRS techniques practiced
	Fréquency (%)

	Rocky cords
	41.17

	Grass strips
	29.41

	Zaï
	0

	Half-moon
	0

	Hedge
	5.88

	BCER
	0

	Grass strips + stone cords
	23.52



[bookmark: _Toc75865246]3.1.2. Perception of CES/DRS techniques by producers
3.1.2.1. CES/DRS Techniques
[bookmark: _Toc75865341]The survey results show that there are several reasons why producers use CES/DRS techniques in general and stone bunds and grass strips in particular. Table 3 presents these reasons. It should be noted that, in general, the interest sought by producers in CES/DRS techniques (grass strips and stone bunds) is based on improving soil fertility and combating soil erosion. The survey indicates that 29.41% of producers want to combat soil erosion, 29.41% say they want to improve soil fertility through these techniques, for some (23.52%), these measures will help fight against soil degradation caused by natural and human phenomena. Finally, 17.64% believe that this technique can slow down the speed of water runoff.
Table 3 : Reasons cited by respondents for the implementation of CES/DRS techniques
	CES/DRS Techniques
	Fréquency (%)

	Soil fertilization
	29.41

	Fight againstArrest erosion
	29.41

	Fight againstArrest soil degradation
	23.52

	To slow down the speed of the waterrunoff flow
	17.64



3.1.2.2. Producers' perception of the impact of stone rows and grass strips on the soil
With the use of CES/DRS technologies, the majority of producers (70.58%) observe an improvement in soil fertility and crop yields. Farmers note that the different techniques, such as stone lines and grass strips used separately, contribute to the improvement of soil fertility. Thus, with these techniques, the soil becomes easier to work, water infiltrates better, organic debris accumulates on the soil surface, and enhances the soil's water retention and biological activity. Table 4 shows the perception of producers regarding the impact of stone lines and grass strips on the soil. From these results, it appears that producers are able to perceive the impact of stone lines and grass strips on their soil. Furthermore, farmers combine stone lines and grass strips on their plots (Table 5). The producers who use this practice report wanting the combined effects of these techniques. Thus, this combination allows for greater improvement in soil fertility, increased yields, easier soil management, better control of soil erosion, and improved soil water retention.
[bookmark: _Toc75865342]Table 4 : Producers' perception of the impact of stone rows and grass strips considered individually.
	Perception of producers
	CP (%)
	BE (%)

	Ease of soil work
	28.1
	50

	Good water infiltration
	57.14
	50

	Accumulation of organic debris on the ground
	85.71
	75

	Water retention
	85.14
	50

	SlowdownSlow down of the water speed
	85.14
	75

	Abundance of microorganisms
	28.1
	25

	More significant effective vegetation cover
	0
	0



[bookmark: _Toc75865343]Table 5 : Reasons put forwardpointed out by producers in the association of stone cords with grassed strips.
	Perception of producers
	CPB E (%)

	Ease of soil work
	75

	Good water infiltration
	75

	Accumulation of organic debris on the ground
	25

	Water retention
	75

	SlowdownSlow down of the water speed
	75

	Abundance of microorganisms
	25

	More significant effective vegetation cover
	0



3.1.2.3. Producers' perception of the contribution of grass strips and stone lines to yields
Table 6 presents an estimate of the contribution of stone bunds to the increase in crop yields. It should be noted that 70.58% of producers have developed their fields with stone bunds. The survey results reveal that producers' perception of the contribution of stone bunds to yield increases is clear. Thus, 44.44% of respondents believe that stone bunds have contributed to an improvement in their yields of ]0-25%], while 33.33% report that this improvement is around 100% or more. In general, it can be concluded that producers' perception of the contribution of stone bunds to yields ranges from ]0-100%]. All respondents recognize this contribution to the increase in crop yields.	Comment by THILAN COMPUTERS: Correct it
Table 6 : Estimation of the contribution of stone walls to yields according to producers
	Estimation of CCP yields According to producers
	Fréquency (%)

	[0-25%]
	44.43

	[25 – 50%]
	11.11

	[50 - 75%]
	11.11

	[75 - 100%]
	11.11

	100 and more
	33.33







Table 7 provides estimates made by producers on the contribution of grass strips to the improvement of crop yields. It is noted that 50% of producers believe that the technique has contributed to an increase in yields of about 0-25%. As for 20% of the producers, they are convinced that the effect of this technique on the increase in their production is estimated between 25 and 50%. The grass strips that contribute to yield increases fall within the respective intervals of 0-25%, 50-75%, and 75-100%.
Table 7 : Estimation of the contribution of grassed strips to yields according to producers

	Estimation of CCP yields According to producers
	fréquency (%)

	[0-25%]
	50

	[25 – 50%]
	20

	[50 - 75%]
	0

	[75 - 100%]
	20

	100 and more
	0







[bookmark: _Toc75865247]3.1.3. Criteria for perceiving stone cords and grassed strips by producers.
[bookmark: _GoBack]Table 8 provides an estimate of the contribution of the technique combining stone cordons and grass strips to crop yields. 23.52% of respondents practice the combination of these two techniques. For these respondents, the combination of these two techniques is beneficial. The contribution of this technique is 0 to 25% for 50% of respondents, 25 to 50% for 25% of respondents, and 50 to 75% for 25% of respondents.
Table 8: Estimation of the effects of the stone bunds-grassed strips association on yield increases according to producers

	Estimation of the effects of the CP - BE association on yields according to producers
	fréquency (%)

	[0-25%]
	50

	[25 – 50%]
	25

	[50 - 75%]
	25

	[75 - 100%]
	0

	100 and more
	0







As for the contribution of these techniques to yield increase, Table 9 shows the state of their assessment among producers. It appears that the technique of stone cords + grass strips (CPB) provides the maximum yield (906.25 Kg).
Table 9 : Estimation of yields by producers according to techniques

	Yield estimation by producers according to techniques
	Quantity  (Kg)

	RAPTCS
BE                                                                                                                                       
	862.5
406.25

	CP
	831.25

	CPBE
	906.25






[bookmark: _Toc75865248]
3.2. Discussion 
[bookmark: _Toc75865249]Several reasons motivate producers to practice CES/DRS (grass strips and stone bunds) in the Koundougou area for sustainable land management. Among these reasons are the ease of soil work, the improvement of its fertility, the fight against erosion and land degradation, as well as the increase in crop yields on these difficult-to-cultivate lands. Numerous studies conducted on these CES techniques have shown that they have positive effects on yields. The analysis of the results obtained also showed that the producers are convinced that stone cords, grass strips, and the use of manure lead to observable changes in the improvement of the soil's physical and biological parameters (94.3% yes and 5.7% no). These results corroborate those of GIZ (2012), which showed that CES/DRS measures also result in perceptible changes (effects) on both the physical and biological aspects of the soil. These changes observed by the producers include, among others, good water infiltration into the soil, water retention, accumulation of organic debris on the soil, slowing down of water runoff, and the presence of biological activity (abundance of organisms, insects, and others). The perception of the producers is similar to that of Doamba et al. (2011), which showed that stone bunds are physical barriers intended to slow runoff and reduce erosion, followed by an increase in water infiltration into the soil, sedimentation of fine particles, accumulation of plant debris, improvement in biological activity, and soil fertility. Indeed, the strips of grass that retain water provide the plant with better water conditions for its growth. According to INERA (2004), without CES/DRS arrangements, 31% of annual rainfall is lost through runoff. These observable criteria could have repercussions on soil biology and fertilization. According to Rose (2007), the strips of grass allow for the collection of 25% of runoff water. This observation was also made by GIZ (2012), which stated that following the construction of the strips, these techniques help slow down the flow velocity of water (the effect of the strips), allowing it to infiltrate the soil, and on the other hand, thanks to the accumulation of organic debris. According to SPONG (2012), stone ridges help to recover degraded land, combat water erosion, and improve water infiltration, so that with a spacing of 33 m between the ridges, water runoff is reduced by 12% and soil losses are reduced by 46%. Even though the knowledge and perceptions of the respondents are endogenous, Koussoubé et al. (2006) and Ouédraogo et al. (2010) were convinced that in the ecological context, characterized by soil degradation, loss of vegetation cover, and insufficient rainfall, the impact of anti-erosion dikes and grass strips stood out compared to unmanaged plots due to the improvement of soil structure. These environments become favorable for the development of soil fauna such as termites, earthworms, ants, etc. Also, Bationo et al. (1998) showed that lands lost to erosion are 2.5 times richer in nutrients than the remaining soil, so that certain soil interventions can help replenish these lost nutrients. Thus, producers have observed that using stone bunds and grassed strips, either individually or in combination, has a positive impact both on their soil and on their yields. Indeed, these techniques would allow the accumulation of fine elements, organic matter, and good moisture, which could lead to an improvement in soil texture and structure. Moreover, these would have positive effects on soil fertility parameters. Improving fertility would allow for good plant growth, which would result in increased yields. They noticed that grass strips and stone rows, used individually or in combination, improve soil work (improvement of texture and structure), could contribute to good water infiltration into the soil, and good accumulation of organic matter. This perception of producers aligns with the studies by Bambara et al. (2012), which demonstrated that water and soil conservation techniques, such as grass strips and stone bunds, are important in the context of rainfall uncertainty and the continuous decline of soil fertility, and have positive effects on both soil and productivity. SPONG (2012) found that in years with deficient rainfall, grain production gains are 109%, while in years with good rainfall (less frequent dry periods), production gains range from 20% to 70% (SPONG, 2012).
Conclusion
This study was dedicated to analyzing the contribution of grassed strips and stone bunds in improving the quality of agricultural land. At the end of the study, the contribution of stone bunds and grassed strips individually on the one hand, and their combination on the other hand, had beneficial effects on the soil compared to soils that did not benefit from these techniques. CES/DRS techniques improve soil texture (accumulation of fine elements, reduction of density) and structure. The combination or association of stone bunds and grassed strips (CPBE) showed a significantly greater impact. The combination of stone bund techniques and grass strips has an increased effect on crop yields. Farmers are able to truly perceive the impact of grass strips and stone bunds in their fields. Farmers have a good understanding of the impact of stone bunds and grass strips on the soil. Nevertheless, since not all soil fertility parameters are taken into account in this study, further research is necessary to thoroughly assess the impact of long-term interventions on water pH, KCl pH, available potassium, total nitrogen, assimilable phosphorus, cation exchange capacity, exchangeable bases, and soil fauna for the sustainable management of CES/DRS works and soil fertility.
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