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Abstract: The prevailing farming system in Burkina Faso is smallholder agriculture based on cereal production, especially sorghum 
(Sorghum bicolor (L.) Moench) which form the staple diet for the population. Production is constantly challenged by climate hazards, 
striga (Striga hermonthica (Del.) Benth.) infestation, inefficient farming practices and declining soil fertility. To address these 
concerns, one study on several agroecological techniques was conducted from 2013 to 2015 in a participative manner with more than 
150 male and female farmers from four communities. Each farmer was asked to test out two or three agroecological techniques of his 
choice and to measure these new techniques against their usual farming practices. These techniques combined the use of organic 
fertilizer (5 t/ha) and/or mineral fertilizer (2 g/seed hole) with the systems of crop rotation and mixed cropping, in addition to the 
improved zaï technique and the half-moon method. Plant material was composed of local landraces and improved varieties of 
sorghum, sesame and cowpea. On-farm application of agroecological techniques resulted in significantly increased sorghum 
production in all four communities. The rates of increase for grain yield were 8% for the half-moon fields and more than 130% for 
the rotation systems when compared to the farmers’ usual practices. More limited results were achieved with the chemical 
components of the soil after two years of experimentation. Only the soil’s organic matter showed improvement over the first year. 
This study shows that crop rotation, mixed cropping and the improved zaï technique in combination with compost and improved 
drought-resistant varieties constitute agroecological strategies favorable to the intensification and diversification of farming systems 
in the studied locations. The farmers were above all impressed by the on-site management of compost by means of the zaï technique 
which enabled large-scale fertilization of fields. 
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1. Introduction 

Burkina Faso is a tropical country located in the 

West-African region and covers an area of 274,200 

km² with a total population of 16 million [1]. 

Agriculture and animal husbandry are essential 

elements of the national economy, employing 80% of 
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the population and accounting for 40% of GDP [2]. 

The prevailing farming system is smallholder 

agriculture based on cereal production, especially 

sorghum, pearl millet and maize that form the staple 

diet for the population. The tree crops occupy almost 

2.9 million hectares of land and sorghum covers 44% 

of these areas with an average production of 1.5 

million tons [3]. This production is 90% own 

consumption. 
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Sorghum cultivation is possible in areas where 

rainfall is greater than 500 mm [4]. Red sorghum as 

white sorghum is more grown in pure and in 

association with legumes. Cultural practices such as 

crop association and crop rotation are being adopted 

by farmers for their effectiveness against the sorghum 

weeds such as the “striga” but also for improving soil 

fertility [5]. The application of organic and mineral 

fertilizer shows that the quantities used are quite 

disparate from one season to another and insufficient 

to meet crop needs [6, 7]. 

Spatial distribution of crop sequences revealed a 

permanence of continuous sorghum cropping or 

rotation sorghum millet. The continuing use of low 

external input farming practices by small scale 

farmers accentuates the imbalance of nutrients for 

crop needs and declining agricultural yields. In 

addition, the annual plowing fields required by the 

rotation of cereals followed by cereals, as well as the 

export of crop residues for domestic purposes, 

inevitably leads to a gradual degradation of soil 

structure, erosion and declining of soil organic matter 

[8, 9]. To improve the productivity of agricultural 

areas prone to this risk of declining soil fertility and to 

ensure stability of production, small scale farmers 

have been encouraged to adopt the use of various 

improved soil fertility techniques (i.e., micro-dose 

application of chemical fertilizer, manure from animal 

corrals, compost, use of improved varieties), 

techniques of water and soil conservation (contour 

bunds, zai, half-moons, vegetative strips, minimum 

tillage) and agroforestry practices. These 

recommendations were derived from research in 

which the key parameters were studied in isolation. 

The combined effects of these production factors 

known as agroecological practices have not been 

sufficiently addressed [10]. Organic fertilization by 

half-moon and zaï techniques has been used to restore 

the fertility of the soil bare at the end of 3-5 years [11, 

12]. Studies on the stone barriers, the grass strips, the 

improved fallows, cereals rotation or association with 

legumes highlighted the good water conservation and 

the sustainable management of soil fertility [13-15]. It 

is therefore necessary to assess these interactions and 

provide recommendations on how to gradually enable 

small scale farmers in the buffer zone to make the 

transition to more intensive cropping systems that take 

into account ecological, economic and social 

dimensions. One objective of this study was to 

evaluate, in a participatory manner, the impact of 

these agroecological techniques on soils and crops. 

Another was to help local communities to understand 

these techniques and to adapt them, as they saw fit, in 

their fields with the aim of sustainably managing their 

lands and improving their wellbeing by increased 

production and income from these techniques. 

2. Materials and Methods 

The study on the impact of agroecological 

techniques was conducted from 2013 to 2015 in a 

participative manner with more than 150 male and 

female farmers from the communities of Korsimoro, 

Andemtenga, Bilanga and Gayérie. The four 

communities are located in the agroecological buffer 

zone I and II in North Eastern Burkina Faso that 

receives a rainfall of about 700 mm on average per 

year (Fig. 1). This buffer zone is considered an area of 

high environmental risk where food insecurity and 

natural resource degradation mutually reinforce one 

another. 

Each farmer was asked to test out two or three 

agroecological techniques of his choice and to 

measure these new techniques against their usual 

farming practices. These techniques combined the use 

of organic fertilizer (5 t/ha) and/or mineral fertilizer (2 

g/seed hole) with the systems of crop rotation and 

mixed cropping, in addition to the improved zaï 

technique and the half-moon method (Table 1). Zaï 

and half-moon pits are water collection techniques, 

implemented on bare and crusted soils. Additionally 

to the water harvest function, benefits of localized 

tillage occur and animal manure or other organic and/or 
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Fig. 1  Map of Burkina Faso with project buffer zone (zone I and zone II) [18].  
 

Table 1  Agroecological technologies applied on sorghum. 

Agroecological technologies  Description  

Rotation sorghum-cowpea 
Crop rotation: sorghum-cowpea/sesame + micro-dosing of mineral fertilizer + organic material 
(5 t/ha) 

Intercropping sorghum-cowpea 
Intercropping sorghum-cowpea/sesame (in band of four lines) + micro-dosing of mineral 
fertilizer 

Zaï  Zai + organic material (300 g/hole) + micro dosing of mineral fertilizer 

Half moons Half-moons + organic material (30 kg/hole) + micro dosing of mineral fertilizer 

Control Usual farm practices 
 

inorganic material can be brought in the basin to 

optimize crop growth. While the zaï technique uses 

smaller pits of 30 cm, half-moon pits consist of 

semi-circular basins that are several meters wide. 

Micro-dosing of mineral fertilizer is a method that 

consists of applying small amounts of fertilizer 

directly into the planting hole. It is therefore supposed 

to reduce the required total amount of fertilizer, 

thereby being more affordable to small-scale farmers. 

Plant material was composed of local landraces and 

improved varieties of sorghum, sesame and cowpea. 

These improved varieties are already being promoted 

in the project area because of their performance such 

as tolerance to heavy rains, the parasitic weed “striga” 

and drought, early maturity and high production 

potential. The organic carbon of the composite soil 

samples collected in the 0-20 cm horizon in each plot 

of agroecological technologies has been analyzed at 

the laboratory by the Walkley and Black method [16]. 

The degree of “striga” infestation was done from a 

count of the number of plants emerged in the plots of 

0.25 m2 (0.5 m × 0.5 m) shortly before the sorghum 

harvest. Collected data were subjected to analysis of 

variance (ANOVA) using Minitab (V. 14) statistical 

software for Windows (Minitab Inc.). Means that 

showed differences at p < 0.05 and averages were 

compared using Newman Keuls tests [17]. Data of 

emerged “striga” were analyzed after logarithmic 
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transformation [Log(x + 1)]. 

3. Results and Discussion 

3.1 Effects of Agroecological Technologies on 

Sorghum Productivity 

On-farm application of agroecological technologies 

resulted in significantly increased sorghum production 

in all four communities. The rates of increase for grain 

yield were 8% for the half-moon fields and more than 

130% for the rotation systems when compared to the 

farmers’ usual practices (Fig. 2). Statistical analysis 

indicated however that yields for the half-moons fields 

were not significantly higher than the farmers’ usual 

practices.  

The best yields under sorghum-cowpea rotation can 

be explained by the addition of organic manure and by 

the residual nitrogen of cowpea. The residual effects 

of legumes crops occur at root nodules and residues 

such as leaves and stems that constitute a nitrogen 

stock for the next cropping season [19, 20]. 

Eaglesham et al. [21] found that the residual effect of 

cowpea was equivalent to 36 kg/ha of nitrogen added 

to the soil. 

Sorghum grain yields obtained under 

sorghum-cowpea rotation (1,565 kg/ha) was higher 

than those observed by Bado [20] who found 733 

kg/ha in kouaré under similar climatic conditions. 

However, Traoré [4] obtained an average yield of 

1,765 kg/ha sorghum-cowpea rotation in Farako-bâ 

under a much humid climate. The highest yields under 

intercropping practice could be partly explained by the 

residual effect of cowpea or sesame after the 

permutation of the bands. 

Zaï and half-moons practices have improved crops 

yields on poor soils allowed previously unexploited 

and abandoned. Indeed, Sawadogo et al. [21] obtained 

719 kg/ha under zaï practice and 0 kg/ha under the 

absolute control; similarly, Zougmoré and Zida [22] 

obtained 875 kg/ha on half-moons with compost 

applied and 42 kg/ha on half-moons without 

fertilization. These two examples better illustrate the 

role of organic and mineral manure in zaï and in 

half-moons compared to the control. 

3.2 Agroecological Technologies Impacts on Soil 

Chemical Characteristics  

Generally, zaï has several advantages and has been 

unanimously appreciated by farmers for various 

reasons. First of all, it saves compost, because of its 

localized application which reduces the losses by the 

runoff during the rainy season. Then, making the 

compost during the dry season (free period of farmers) 
 

 
Fig. 2  Sorghum yield under agroecological techniques compared to farmer practices in the four communities.  
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is attractive for farmers. Lastly, zaï is appreciated for 

its good performance. The average yield under zaï and 

half-moons is higher than the average sorghum yield 

in the buffer zone which was 811 kg/ha in 2014 [23]. 

This difference in yield could be due to the optimal 

use of organic and mineral manure, but also to the 

conservation of moisture by the zai pits during the dry 

spell periods [24]. Sorghum yields obtained under 

half-moons practice was also similar to those found by 

Zougmoré et al. [12] in Pougyango in North Western 

Burkina Faso. The half-moons due to the areas 

occupied by the impluviums have low yields per 

hectare. The chemical characteristics of the soil 

showed a mixed evolution after two years of 

experimentation. Only the organic matter content was 

improved after two years of experimentation (Fig. 3). 

Statistical analysis did not show any significant 

difference between agroecological technologies for 

phosphorus, potassium and water pH (Table 2). In 

terms of organic matter and total nitrogen, their 

contents under half-moons practice was statistically 

higher (p = 0.05) than those of sorghum-cowpea 

intercropping and improved zaï. 

The higher organic matter under half-moons 

practice compared to zaï, could be explained by the 

fact that the organic manure was brought into the 

half-moons every year. Zaï pits locations generally 

vary from season to season [24]. The absence of 

significant differences between the technologies for 

phosphorus, potassium and water pH could be due to 

the fact that both organic and inorganic inputs were 

similar for all the technologies and to the rainfall that 

affect the availability of the nutrients [24-26]. 

3.3 Impact of Agroecological Technologies on Striga 

Hermonthica Infestation 

The density of the S. hermonthica infestation ranges 

from 0.8 plants/m2 to 157 plants/m2 with average 

infestations under the technologies ranging from 9.03 

plants/m2 under improved zaï to 26.46 plants/m2 under  

 
Fig. 3  Change in soil organic matter content over years 1 & 2 of trials in the communes of Gayéri and Bilanga.  
 

Table 2  Soil chemical characteristics according to agroecological technologies*.  

Agroecological technologies  Organic matter (%) Nitrogen (%) C/N Phosphorus (g/kg) Potassium (%) pH (in water)

Sorghum-cowpea rotation 1.34 ab  0.047 ab 16.61 a 0.33 a 0.13 a 5.99 a 

Intercropping sorghum-cowpea 1.10 a 0.042 ab 15.29 a 0.31 a 0.13 a 5.89 a 

Zaï 1.15 a 0.037 a 17.97 a 0.31 a 0.12 a 6.07 a 

Half moon 1.61 b 0.058 b 16.95 a 0.37 a 0.14 a 6.21 a 

Means 1.29 0.049 16.7 0.33 0.13 6.04 

Standard deviation 0.46 0.19 3.34 0.12 0.54 0.6 

CV % 35.66 38.78 20 36.36 42.52 9.93 

*Data in the same column with different letters are significantly different at p < 0.05.  
CV: coefficient of variance.  
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Table 3  Density of Striga hermonthica infestations (plants/m2) by farmer’s agroecological technologies*.  

Agroecological technologies  
Infestation density (plants/m2) 

Gross mean Transformed mean 

Rotation sorghum-cowpea 10.26 b 0.74 b 

Intercropping sorghum-cowpea 15.21 ab 0.86 ab 

Improved zaï  9.03 b 0.68 b 

Half-moon 13.49 ab 0.74 ab 

Farmer’s practice 26.46 a 1.04 a 

Mean 14.89 0.81 

Standard deviation 24.04 0.26 

CV % 160.43 31.44 

*Data in the same column with different letters are significantly different at p < 0.05.  
CV: coefficient of variance.  
 

farmer’s practice (Table 3). These results show that all 

technologies were infested without exception. 

Statistical analyzes reveal that the infestation under 

sorghum/cowpea rotation (10.26 plants/m2) and 

improved zaï practice (9.03 plants/m2) were 

significantly different from that of the farmer’s 

practice at a threshold of 5%. 

In the severely infested plots (31-157 plants/m2) the 

average yield of sorghum was 930 kg/ha. The average 

production per hectare was 1,065 kg in slightly 

infested plots (0-5 plants/m2) and 985 kg in plots with 

medium infestation (6-30 plants/m²). Yield reductions 

were respectively 7.42% and 12.69% in moderately 

infested plots and heavily infested soils plots. The 

sorghum-cowpea rotation is the second technology 

that has less S. hermonthica after improved zaï 

technology. In contrast, the density of 9.03 plants/m2 

of “striga” under improved zaï is not statistically 

different (p = 0.05) from that of the sorghum/cowpea 

intercropping (15.21 plants/m2). Under improved zaï 

practice the effect of organic and mineral fertilizers 

appears to be more effective in reducing “striga” 

infestation due to the optimal use of organic matter. 

Organic manure application is done in the zaï pits, 

resulting in high organic matter content [12, 26]. 

Under sorghum-cowpea rotation, the suicide effect of 

cowpea and sesame germination as false host plants of 

S. hermonthica in the first year has contributed in 

decreasing “striga” seeds, thus contributing to a 

reduction in S. hermonthica infestations during the 

second year. This was the same case for 

sorghum/cowpea intercropping. Several studies have 

shown that the false hosts (cowpea and sesame) play a 

very positive role because these plants reduce 

substantially S. hermonthica seeds stock in the soil 

and thus, its infestation [27, 28]. 

4. Conclusions 

This study shows that crop rotation, mixed cropping 

and the improved zaï technique in combination with 

compost and improved drought-resistant varieties 

constitute agroecological strategies favorable to the 

intensification and diversification of farming systems 

in the studied locations. The farmers were above all 

impressed by the on-site management of compost by 

means of the zaï technique which enabled large-scale 

fertilization of fields. Through innovative “scaling out” 

techniques, including farmer field schools and “farmer 

to farmer” training, the study enabled 6,832 farmers 

(over 40% women) in 80 villages across four 

communities to test and adapt various combinations of 

agroecological intensification (AEI) techniques. The 

farmers learned that the innovations such as assisted 

natural regeneration (ANR), contour rock bunds, zaï 

basins, composting, legume intensification in the 

context of rotation and intercropping and improved 

seeds best addressed their priority problems. In 

addition to these AEI techniques, many farmers also 

applied conventional micro-dosing of chemical 

fertilizer. 
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