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Sustainable Farming Systems
in the Sub-Sahelian Zone of
Burkina Faso - Key Factors

Rapid population growth and climatic change threatens the sustainability of natu-
ral resources. Farming practices can mitigate environmental change and
degradation. The aim of this research conducted in Yatenga region was to describe
and to analyse manure practices management. In 2005, a survey was carried out
to assess the evolution of farming practices. A survey was initially conducted with
a sample of 44 farmers, selected randomly in the three neighbouring villages.
Subsequently, 18 farms were selected for in-depth interviews. The grain yield was
measured and the different practices of soil and water conservation developed by
farmers were compared. According to the enquiries, two practices, called “zaï”
and “djengo”, were largely used in cereals production. The “zaï” practice, known
as a traditional technique for restoration of degraded soil, is characterized by the
capture of runoff by micro-watersheds and a localized organic matter supply at the
soil-plant system scale. The “djengo” practice is based on the same principle of
the “zaï” practice but was applied on the sandy soil as traditionally “zaï” concerned
the degraded and crusty soils. The two practices could increase grain crop
production but moreover could limit the risk of crops failure. In addition, our
observations also showed that frequent tree regenerations occurred in plots and
watersheds where “zaï” or “djengo” practices were used. This study highlights the
necessity of better controlling soil, water and organic matter to improve agrosystem
sustainability in sub Saharan Africa.
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Introduction

In the Northern region of West Africa, the
climate is characterised by two contrasted seasons
with a rainy season lasting 3 to 5 months. The
temperature is high during the whole year, inclu-
ding the rainy season. Soils, according to the FAO
classification, are generally Lixisol. These soils
show a coarse texture in the topsoil and are prone
to crust formation, favouring runoffs and water
loss (Lal, 2000; Valentin et al., 2004).

Characterised by a superficial crust, these
degraded soils are named “zipellé” (Marchal,
1983) in Mossi language, meaning “white soil” .
Due to climatic and anthropogenic causes, soil
degradation in the Yatenga region has involved
the formation of large stripped glacis of worrying
importance (Dugué, 1986). During years of con-
tinued droughts, many peasant families have been
compelled to leave their villages and to settle in
other regions within Burkina Faso, where rainfall
levels are higher (McMillan et al., 1990). They
have also settled in coastal countries, particularly
in Ivory Coast, while others have been attracted
to urban centres (Reij & Thiombiano, 2003). These
dynamics illustrate the relations between popula-
tion and the environment, such as conceptualised
by the neo-Malthusians, contrary to those develo-
ped by Boserup (1970). The first indicates that
the increase in population leads to land degradati-
on and to the loss of soil productivity, both of which
can be decreased through migration. On the other
hand, Boserup (1970) suggests adapting farming
practices to natural resources (soil, vegetation) and
new pedoclimatic and socio-economic conditions
in order to lessen soil productivity decay. These
changes of practices, based on soil and water con-
servation and intensification of the farming syste-
ms, make it possible to maintain or to restore agri-
cultural production to support rural populations.

The management of soil fertility in Yatenga
is largely based on the recycling of organic matter
resources produced within the agroecosystems.
The determinants of the viability of such systems
are the crop-fallow rotation and the maintenance
of soil fertility by transferring organic matter from
livestock or domestic wastes to cropped land. Any
disturbance that modifies the balance between or-
ganic resources production and consumption will
increase the risk of depletion of the viability of
these systems (Manlay et al., 2004; Tittonell et
al., 2007). According to the high rate of populati-
on growth, more than 3% per year for the last
decades, the needs for food production is increa-
sing. Higher pressure on land leads to the decrea-
se of natural resources production, provoking a
reduction of the time of fallows. Livestock has to
go further distances to feed, moving even outside
the agrosystem. All this leads to the depletion of
soil fertility and is sometimes accompanied by he-
avy soil degradation in a context of increasing ex-
treme climatic events (Floret and Pontanier, 2000).
The systems have become more vulnerable to cli-
matic changes, as it was already the case during
the great drought of the seventies.

The question was:  How do the farmers re-
act to these changes? And more particularly: Did
they adapt their practices to those changes? To
answer that question, we proposed an enquiry in
a village that had been observed in the past - du-
ring the 80s and 90s - and sought to identify the
changes in the villagers’ farming practices. Parti-
cularly, we focused on the changes in soil fertility
and water management. Our hypothesis was that
the particular practices of soil and water conser-
vation developed by farmers during the two pre-
cedent decades fitted well with the concept of
“ecological engineering”, as defined by Odum and
Odum (2003):   “The study and practice of fitting
environmental technology with ecosystems self
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design for maximum performance”. Moreover,
these technologies referred to conceptual and eco-
logical characteristics of the savannah ecosystem
in West Africa.

1. Materials and Methods

2.1 Study Area

This study was conducted in Ziga (13°25’N,
2°19’W), a village located in the Yatenga provin-
ce of Northen Burkina Faso (Figure 1). The villa-
ge is densely populated (70-100 dwellers/ha) by
the Mossi, Fulani and Dogon ethnic groups. The
region is characterised by an erratic rainfall distri-
bution with an annual rainfall average of 400 to
800 mm. Annual rainfall averages decreased con-
tinuously from 1921 until 1990, when a small im-
provement was observed. Soils are mainly classi-
fied as ferric leptosols (FAO, 1998). They are ge-
nerally not very deep and poor in organic matter.

1.2 Method

Selection of the Studied Farms

At the initial state of this study, a survey
was conducted with a sample of 44 farmers that
were randomly selected in the three neighbou-
ring villages of Bossomboré-Yakin (BY), Biin-
gwéogo (BW) and Légoum (LG). Farms were
classified according to their input use. Selection
criteria were: (i) plot area and manpower; (ii)
herd size and manure availability; (iii) farm equi-
pment. Eighteen farms were subsequently selec-
ted for in-depth interviews. Among them, nine
were well-tended (following their input level) and
nine unkempt. Farms in-between were excluded.

Survey

The survey required several visits to each
farm (2, 3, 4). The main topics treated during
the interviews are summarized as follows:

  

 
 

 

Figure 1. Study Area Location
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• Farm assets: e.g. crops plots, equip-
ments, livestock production

• Manuring and other Soil and Water Con-
servation (SWC) practices;

• Farm yield assessment in 2005 according
to each manure practice.

Assessment of manure practices

To assess the manure practices, we placed

squares of 9m2 (3m x 3m) on various plots that
were representative of different crop management
sequences with manuring and SWC practices,
such as zaï, djengo, and till or no-till practices
with direct sowing. The following parameters on
zaï and djengo practices were considered:

• Zaï or djengo hole shape (width, depth,
diameters);

• Manure quantity (dry matter /ha) ;
• Zaï or djengo holes density and the time

of work to settle one hectare of these
practices.

The effects on crop production of  the di -

f ferent cul tural  practices were assessed by yi -

elds and thei r components’  measurement.

A l l analyses were compared with the analy-

sis of variance (ANOVA) and mean values throu-

gh the Newman- Keuls test (SNK), with a confi-

dence level of P < 0.05. All analysis were perfor-
med with XLSTAT 7.5 (ADDINSOFT ©).

2. Results

2.1 Farm characteristics

Results show that large farms had an ave-
rage of 6,3 ha against 3,7 ha for the small ones.
Field dimensions varied according to the districts:
it decreased gradually from LG to BW and fi-
nally to BY, where cultivated areas were tiny. The
number of workers per farm varied from 9 to 14
for large farms to 3 to 6 for the small ones. On
average, large farms had 2 or 3 times more
workers than the small ones.

 The cultivated area per worker was higher
on small farms than on large ones, irrespective
of the agricultural district. Considered from the
large farms to the small ones, these values were
respectively: 0,5 ha and 0,93 ha (BY), 0,63 ha
and 1,15 ha (BW), 0,57 ha and 0,72 ha (LG).

Large farms had more animals than the small
ones, as it was observed in the BY district, where
farms owned more than 15 cattle, 15 sheep and
goats each one (Figure 2). Small farms had no cat-
tle and only a few sheep and goats (less than 5).
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Figure 2.  Manure Potential and Livestock Number per Agricultural District
(UBT=Tropical Cattle Unit)



Sustainable Farming Systems in the Sub-Sahelian Zone of Burkina Faso - Key Factors

131

   

53 %   

6 %   

18 %   

6 %   

18 %   

    
First rains     

( ma y     -   ju n e)   
    Rainy season       

Basins +   
seed
s 

    
Without OM       

Zaï type 1       

Dry season       

Zaï type 2       

Zaï type 3       

Zaï type 4       

Zaï type 5       

Basins +   
seed
s 

 +   
OM       

Basins +   
Seed
s 

    
Without OM       

Basins  +   
Seed
s 

 +   
OM       

Basins  +   OM       S owing by     
«      koutoiga       »   

= (pick)   

First     
Hoeing       

    

Figure 3:  Various Types of Zaï during Fields Priming
(OM. = Organic Matter)

The potential manure per farm was very
variable and depended on cattle availability (Fi-
gure 2). Some farms had a potential production
of almost 22 t. per year while others had less
than 1 t. per year.

2.2 The “zaï” Practice

In the Moore language, “zaï” was deri-
ved from the word “zaïegré”, which meant:
“Wake up early to prepare the seedbed”. The

baseline principle of zaï is: holes are dug befo-
re the onset of the rainy season and manure is
put into the hole at the end of the dry season.
The distribution of the holes on the field was
done to catch the maximum of the rain runoff.
53% of farmers practiced the zaï according to
these rules. However, there was a large varia-
bility regarding the dates of digging of the ho-
les and the options of sowing to supply manu-
re or not (Figure 3).
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The availability of work force and of ma-
nure was another factor that influenced the di-
versity of the zaï practice.

Another factor of variability of the zaï prac-
tices was the frequency of the zaï technique in
the cropping system:

• 37,5% of farmers practiced the zaï every
year on the same plots. The holes of the
previous year were not necessarily the
same of the following year. The holes
were randomly positioned;

• 37,5% of surveyed peasants made zaï
every year in a permanent way by using
continuously the same basins for several
years. In this case, each year, year n-1
basins are re-opened and manure brou-
ght again;

• 12,5% of farmers made zaï every two
years, preserving the same holes on the
field. After the zaï practice on the year
n, the farmers used the direct sowing in
year n+1;

• 6,25% of peasants practiced the zaï two
over three years, using the same holes
for the two years of zaï. After two years
of successive zaï practice, they procee-
ded on the third year of a direct sowing
for one year and reverted to zaï practice
for two years, and so on.

• The last type of practice (corresponding
to 6,25% of surveyed farmers) concer-
ned farmers who practiced the zaï every
year and used the crop residues produ-
ced the year n-1 as mulch on the space
between the holes that had not tilled with
the zaï practice. The objective of the far-
mers was to promote the soil restorati-
on of the field. In this case, the holes’
localization remained fixed from one
year to another.

Table 1 describes some parameters of culti-
vated plots with sorghum according to zaï prac-
tice. Hole density was 23.210 ha-1 on large farms
against 33.889 ha-1 for small ones. Sixty-eight
days and fifty-two days were necessary for a
worker to dig one hectare of zaï, respectively on
large and small farms. In addition, zaï basin holes
were significantly different from large to small
farming systems, with small diameter measuring
32,9 cm and 23,5 cm  for large and small farms
respectively. Large diameter was 36,4 cm and
26,6 cm respectively for large and small farms.
The depth of the hole was 10,6 cm for large far-
ms and 10,3 cm for the small ones. Differently
from the small farms, large farms tended to ac-
commodate bigger size holes. Like hole dimensi-
on, manure quantity in zaï basins was higher in
big farms with a high production of manure. On
average, 542 g per hole were applied on large
farms against only 230 g per hole on small-scale
farms, which corresponds to 12,6 t.ha-1 and 7,8
t.ha-1, respectively.

Djengo, another practice in the use of manure

The other SWC practice, called “djengo”,
is similar to zaï and was observed in Ziga. This
technique was not noticed in the precedent stu-
dies in Yatenga region. The djengo is a hand tool
similar to a hoe with long handle, which is used
to carry out the practice bearing the same name.
Djengo was practiced on sandy soils and exclusi-
vely after the beginning of the rainy season. The-
re were also several alternatives to the djengo
practice. A majority of farmers (60%) did not till
and waited for the growth of the first weeds to
dig the holes instead; other farmers ploughed the
soil before digging large holes. The quantity of
manure applied also varied among farmers.

As the hole was not maintained in sandy soils
during the rainy season, the localization of the
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holes in the djengo practice was changed every
year. The number of holes per hectare was relati-
vely constant between the farmers’ fields (38.889
to 41.481 basins.ha-1, respectively for large and
small farms) and the time of the field preparation
was of 15 to 24 days.ha-1, respectively for large
and small farms (Table 1). In the same way, hole
sizes in djengo were not significantly different
between the two types of farms: (i) small diame-

ters: 26,7 cm and 22,5 cm ; (ii) large diameters:
26,9 cm and 27,1 cm and finally (iii) depths: 7,7
cm and 8,3 cm. The quantities of applied manure
in djengo reached 8,8 t.ha-1 on large farm vs. 6,7
t.ha-1 in small ones.

The differences between zaï and djengo are
synthesized in Table 2. Zaï and djengo differ mos-
tly by the used tools. The tool used for digging
zaï holes is called “boamboara” and has a short,

Practice Farms holes density
(number/ha)

Time for 
laying 

out 1ha
(days/ha)

Diameter 1
(cm)

Diameter 2
(cm)

Basin 
depth
(cm)

Manure 
quantity per 

hole 
(g)

Manure 
quantity

(t/ha)

Zaï
LF 23 210 68 32.9a 36.4a 10.6a 542a 12.57
CV (%) 7.0 6.1 9.8
SF 33 889 52 23.5b 26.6b 10.3b 230b 7.77
CV (%) 5.9 6.3 9.5

Djengo
LF 41 481 15 26.9a 26.7a 7.0a 211.1a 8.76
CV(%) 11.1 9.0 15.5 12.8

SF 38 889 24 22.5a 27.1a 8.3b 173.4a 6.74
CV (%) 8.9 5.5 9.0 6.6

Table 1. Characteristics of Zaï and Djengo Practices

LF: Large farms; SF: Small farms; CV: Coefficient of Variance
Numbers followed by the same letter in a column are not statistically different (P < 0,05) for the same practice

Numbers followed by the same letter on a row are not statistically different (P < 0,05)
Source: Authors’

Elements of difference Zaï practice Djengo practice 
Tools Boamboara Djengo 

 
Basins density 

 
27 481a 

 
39 753b 

 
Time for laying out 1ha 

 
62a 

 
21b 

Basin diameter 1 (cm)  
31,3a 

 
25,8b 

Basin diameter 2 (cm)  
35,1a 

 
26,8b 

Basin depth  
10,9a 

 
7,4b 

Manure quantity 
(g/basin) 

 
417,3 

 
185,7 

Manure quantity (t/ha)  
10,7 

 
7,4 

Soil type Mostly loamy soils Exclusively on sandy soils 
Period Dry and rainy seasons Exclusively in rainy season 

 

Table 2. Summary of Key Differences between Zaï and Djengo Practices
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curved handle with a blade, while the djengo has
a longer handle. This difference in the handle
length induces a difference in the worker positi-
on: to dig zaï holes, the worker bends down,
while djengo is used in a stand up position.  Zaï
holes are larger than those of djengo, whatever
the nature of the soil, implying that more manu-
re is applied in zaï holes (Table 2). Zaï is gene-
rally carried out during the dry season and on
massive and encrusted soils, while djengo is ex-
clusively practiced on sandy soils and after the
beginning of the rainy season.

2.3 Assessment of the sorghum and millet
yields.

 In 2005, we measured the crop yields on
farm fields cropped or not through zaï or djengo
practices. We noticed that the grain yield was
not different when comparing these practices to

the conventional tillage of soils. However, plant
biomass was significantly higher in djengo or zaï
plots. Sorghum and millet yield are correlated to
the number of grains per panicle or per year (Ta-
ble 3). There are no significant differences (p =
0,05% with SNK test) between grain yields pro-
duced with zaï, djengo and simple sowing (Table
4). However, the straw yields were significantly
higher under direct sowing, both with zaï and
djengo practices.

 Because millet is produced on sandy soils,
we compared only the millet yield between the
djengo and the direct sowing practices.  There is
a slight increase of straw and grain yield under
djengo when compared with the direct sowing
(Table 5).

The first initiatives on soil and water con-
servation began in Ziga in the sixties,  with the
GERES program (1960-1964). GERES had a li-

Yield component 
Sorghum (n=52) Millet (n=15) 

Correlation 
Coefficient  p-value bilateral Correlation 

Coefficient  
p-value 
bilateral 

Bunch number.ha-1 -0.164 0.246 -0.801 0.0001 

Stems number.bunch-1 0.293 0.036 0.497 0.056 

Ears number.stem-1 0.630 < 0.0001 0.103 0.715 

Grains number.ear-1 0.610 < 0.0001 0.753 0.001 

Grain mass (g) 0.277 0.048 0.38 0.162 
 

Table 3. Pearson Correlation Test (Parametric Test) between Yield and its Components

Variables Direct Sowing 
(n=20)  Djengo 

(n=9)  Zai 
(n=23)  F Fischer P value 

Bunch number.ha-1 31107 ± 341 a 29336 ± 200 b 28884 ± 328 b 13.4 <0.001 

Stems number.bunch-1 3.09 ± 0.15  3.51 ± 0.22  3.69 ± 0.23  2.52 0.091 

Ears number.stem-1 0.57 ± 0.05  0.47 ± 0.03  0.49 ± 0.04  1.522 0.228 

Grains number.ear-1 716 ± 69 b 920 ± 127 ab 997 ± 77 a 3.54 0.037 

Grain mass (g) 0.023 ± 0  0.021 ± 0.001  0.021 ± 0  2.68 0.079 

Grain yield (Mg.ha-1) 0.93 ± 0.13  0.92 ± 0.16  1.1 ± 0.13  0.52 0.599 

Straw yield (Mg.ha-1) 1.82 ± 0.19 b 2.32 ± 0.49 ab 2.96 ± 0.35 a 3.69 0.032 
 

Table 4. Sorghum yield (grain and straw) and its components (mean ± se) for different agricultural practices at
Ziga, Burkina Faso. ANOVA and Newmans-Keuls means comparison test (means with the same letter belong to
the same group)
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mited success in comparison to the authorised
investment and the negative effects of ridges
made with soil. After the drought of 1984-1985,
the research and development (R&D) program
was reoriented towards regional planning in the
use of stone lines and grass bands. Some 18% of
the village’s cropped area was protected with
stone lines between 1987 and 1990 (Dugué et
al., 1993) with logistic and technical support of
the R&D program. According to the CORAF/
CRDI project (2002), 35% of the cropped area
was conserved using stone lines. In 2005, 65%
of the cropped area was managed with stone li-
nes.  In Ziga, tree regeneration is visible.

3. Discussion

The variation of the field dimensions indica-
tes a stronger land pressure in BY. Large farms
with their workers and equipment did not try to
extend their cultivated areas. Workers on these far-
ms worked on reduced areas. This could be inter-
preted as a sign of agricultural intensification.

We assume that one cow/bull was the equi-
valent of one tropical bovine unit (TBU), and a
small ruminant 0.1 TBU. We also considered that
1 TBU produced one ton of dry matter of dung
per year. If we consider a homogenous distribu-
tion of manure on every cropped area, the farms

that could supply their fields with 5 tons per hec-
tare of organic manure - which is the recommen-
ded dose by agricultural extension service-, were
few. But, comparing cattle dung production on
the farm and quantities of organic manure brou-
ght this year on the field, we noticed that all the
farms use more manure than they can obtain from
their own cattle manure.  Farms have other sour-
ces of organic matter. In fact, most of the far-
mers collected organic matters produced on their
farms and stored them in manure pits. The orga-
nic resources used were the manure of stalling
animals, dung collected on grazing areas, hou-
sehold waste, crops residues and even some grass
from the fallow area. Some farmers brought wa-
ter in the manure hole and regularly mixed the
organic matter to produce better compost.  Com-
posting is still rare, though.

The zaï technique is a traditional practice
which is used in the Sahelian area to restore the
degraded soils or for soils with physical proper-
ties in topsoil that do not allow the application
of traditional tillage practices (i.e. crusting soils
or stony soils). Zaï, a Mossi expression, derives
from a word meaning “to wake up early”. In fact,
soil must be prepared a long time before the see-
dlings. Farmers dig microbasins (pits) to trap
rains, sand, and organic residues transported by
the wind. Then they bring manure or a mixture
of organic matter coming from the farm and more

Table 5. Millet yield (grain and straw) and its components (mean ± se) for different agricultural practices at Ziga,
Burkina Faso.

Variables Djengo 
(n=6) 

Direct sowing 
(n=9) F Fischer P value 

Bunch number.ha-1 31423 ± 802 32943 ± 102 5.39 0.037 
Stems number.bunch-1 3.33 ± 0.13 2.78 ± 0.14 7.33 0.018 
Ears number.stem-1 0.53 ± 0.05 0.62 ± 0.05 1.39 0.26 
Grains number.ear-1 1350 ± 293 939 ± 79 2.62 0.13 
Grain mass (g) 0.011 ± 0.001 0.012 ± 0.001 0.32 0.579 
Grain yield (Mg.ha-1) 0.8 ± 0.17 0.59 ± 0.06 2.04 0.177 
Straw yield (Mg.ha-1) 1.68 ± 0.5 1 ± 0.11 2.61 0.13 
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or less composted. Some studies showed that it
is quite a complex system for soil restoration
where soil fauna play a major role (Roose et al.,
1999). The technique was time consuming far-
mers. Moreover they rely on the availability of
organic resources. These two constraints might
impede the adoption by farmers.

Zaï is usually practiced on marginal soils,
where it increases grain and straw production in
comparison to those obtained through direct so-
wing and djengo techniques (often carried out
on richer soils). Some argue  that the zai techni-
que favours production extensification because
it fosters marginal soil cultivation.

At the cultivated plot, however, the zaï
practice can be seen as an intensification of the
farming system, since crops from previously un-
productive soils can be more abundant than tho-
se obtained in soils usually considered more fer-
tile. The stone lines building and the hole dig-
ging, as well as the organic matter and mineral
fertilizers application and water pouring, requi-
re additional labour and capital intensification.

The djengo practice is based on the same
principle than the zaï technique. The main diffe-
rence was that it is applied on more sandy soils
that are not degraded. Djengo’s goal is to create
a microcatchment for runoff, mostly for the first
rainfall, and to supply with organic products ac-
ting as fertilizers before the seeding. While the
djengo technique is not really time-consuming,
the availability of organic materials remains a key
issue.

When asked about the factors leading to
the success of the zaï technique, farmers highli-
ghted the importance of the control of runoff at
the scale of the fields and the watershed. This
control was obtained by the stones lines, appa-
rently a vital factor in this technique. Farmers
also pointed out the availability of organic mat-

ter as fertilizers. In Ziga, a large development of
manure pits where all organic residues were co-
llected to be stored and sometimes composted
was observed. The organic residues came from
livestock, domestic waste and even from non-
cultivated areas.

To be efficient, the zaï as well as the djengo
techniques require large quantities of manure.  For
that, it is necessary to associate livestock pro-
duction to agriculture production. Farmers should
not only invest on rainwater management but also
on increasing the animal manure production. Zaï
production on marginal plots can reduce forage
production. In Ziga, animal stalling on the farms
was developed during the last 20 years to inten-
sify animal production in response to the increa-
sing urban demand for meat. More forage will
be required in the future. The increase of the are-
as that are protected with stone lines reflects the
steady and fast change of practices aimed at com-
batting water runoff and erosion.

Two decades ago, a research development
(R & D) project reported that it was necessary
to control runoff and erosion to optimize rainwa-
ter use and to maintain soil fertility. The project
proposed to extend the physical control of runo-
ff at the scale of micro watersheds, using stone
lines, and the development of tillage practices
using animal traction. It also proposed to increa-
se the production and valorisation of organic re-
sources as inputs, and the use of mineral fertili-
zers.  Some traditional practices of restoration
for degraded soil that could be described as “zaï”
were reported. But those techniques were consi-
dered confidential. In 2005, we observed that
there was a change in the relative importance of
the cultivated plant in the crop rotation.

There were no zaï practices in the eighties
(Marchal, 1983). The traditional practice was
manual ridging, intended to bury weeds and to
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increase soil surface roughness in order to reduce
runoff. In 1989, Dugué observed a small extensi-
on of zaï in Ziga but no djengo on sandy soils.  R
& D were focusing on mechanization and the use
of mineral fertilizers to increase the crop produc-
tion.

Twenty years later, our research confirmed
the importance of zaï techniques in Ziga, confir-
med by other studies such as the R3S project
(2002), which indicated that 35% of the cultiva-
ted fields were tilled by zaï practices. The areas
devoted to sorghum in the crop sequencing incre-
ased, whereas those of millet decreased. Howe-
ver, sorghum cropping demands more nutrients
and water than millet does.

In the case of the village of Ziga, we obser-
ved that the proximity of the town of Ouahigouya
stimulated the development of animal farming,
with more sedentary livestock techniques, favou-
ring manure availability.

The variability of the zaï practice was a res-
ponse to environmental constraints such as soil
poverty, erratic rainfalls, and the limited availabi-
lity of organic matter and/or labour force.

The diversity of the zaï and djengo techni-
ques pointed out in this study tends to confirm
the capacity of farmers to improve their agricul-
tural practices in response to climatic changes and
population increase. As Mazzucato and Niemeyer
(2000) showed in their study in Eastern Burkina
Faso, the adaptation of the social organisation
contributes to a great extent to the improvement
of agricultural production after a phase of degra-
dation following demographic and environmental
changes. The social impacts of the evolution of
natural resources management should be asses-
sed by future studies in Ziga.

Vegetable growth was improved thanks to
the use of zaï and djengo techniques, but water
deficit at the end of the rainy season induced a

depletion of grain yields. The higher demand of
water in the djengo and zaï crop fields might
explain the higher sensibility of these plants to
water stress. It is worth remembering that far-
mers in the semi arid sub-Saharan region have
to cope with an erratic rainfall level. Therefore,
the objective of farmers’ strategies in the region
is to offset climatic risks by adopting adequate
techniques. In this case, the major risk concer-
ned seeding at the onset of the rainy season, since
zaï and djengo practices were dedicated to cap-
ture the first rains.

Tree regeneration is a result of the chan-
ges in farmers’ practices and of the various SWC
interventions. Reij and Thiombiano (2003) have
reported similar results in other Yatenga villa-
ges and shown an improvement of the agricul-
tural outputs, a better management of soil ferti-
lity and tree regeneration with the development
of soil and water conservation techniques.

It appears that there has been a significant
change in agricultural practices in the sub-Sahe-
lian village of Ziga, allowing the maintenance
and even an improvement of cropping. SWC,
associated with organic and mineral fertilizati-
on, seems to be decisive in this respect. The evo-
lution of the farming systems indicated that the
village of Ziga would present a Boserupian type
of dynamic. Boserup (1970), considers that ru-
ral population growth in developing countries
is favourable to food security because populati-
on pressure triggers agricultural intensification
of labour and capital, as well as innovation.

At the scale of the farming system and the
landscape, the zaï practice has led to an extensi-
on of cultivated surfaces. Farmers recognise that
zaï demands much human effort to set cropping
fields, but they also say once they have mana-
ged to settle the crops there is no need to till
during the cropping season. In fact, and more
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particularly on the stony or crusty soils, the de-
velopment of weeds around the holes is redu-
ced, and tillage operations during the crop are
limited. That is why stony or crusty land in Ziga
has become a matter of economic speculation.

The environmental impact came from the
association of water control at the scale of the
watershed and the fields that allowed the rege-
neration of trees in the landscape. There was an
outstanding example of savannah regeneration in
the village of Gourga near Ziga, where a farmer
rehabilitated a forest from degraded, completely
bare soil. The farmer started with the application
of zaï techniques where cereals were produced.
This lasted from 3 to 4 years. During this period,
the trees regenerated. After this period, the far-
mer stopped the cropping and the natural vege-
tation invaded the field. Twenty years later, this
farmer had obtained a savannah landscape with
almost a continuous tree canopy. The farmer con-
trolled runoff and erosion by using local techni-
ques, plant regeneration,  and the withdrawal of
woods and other plant products. This case was
an example of ecological engineering where the
initial zaï triggered the rehabilitation of the sa-
vannah. This is why this practice has been named
“forest zaï”.

In short, zaï or djengo practices are based
on soil, water, plant and nutrient management.
The objective of this management is to increase
nutrients for the plant. Other studies focused on
savannah regions have arrived to similar conclu-
sions. That is the case of the perennials grasses
of the Lamto savannah (Ivory Coast), which de-
veloped a closed system, self sufficient in terms
of nutrients through the application of a rapid
recycling of root exudates in the rhizosphere. In
this case, the nutrient resources were concentra-
ted in plant systems after a period of organic ac-
cumulation (Abbadie et al., 1992; Lata et al.,

2000). The tiger bush of Niger is also a dynamic
system based on the concentration of water re-
source or plant residues under the control of the
biological activity and with the win and runoff as
the vector of transport (Couteron et al., 2000;
Guillaume et al., 2001). Studies on the dynamic
of savannah vegetation define the concept of the
Patch-dynamic hypothesis to explain the stable
equilibrium persisting over millennia in arid sa-
vannahs where rainfall levels are erratic (Wie-
gand et al., 2006; Meyer et al., 2007). The au-
thors considered that landscapes consist of a shif-
ting mosaic of many patches in different states of
transition between grassy and woody dominan-
ce involving an equilibrium of the status of the
vegetation. Even in farming systems research,
several studies have highlighted the farmer-dri-
ven resource use of efficiency gradients within
farms. Indeed, farmers invest more effort and
resources in the more productive and less risky
fields within their farms (Tittonell et al., 2005a;
Tittonell et al., 2005b). The analysis of the orga-
nic fluxes at the scale of the village showed that
certain fields within the farm receive the major
organic matter coming from livestock or domes-
tic waste. The hypothesis was proposed that this
patchy design of carbon fluxes could guarantee
the viability of tropical agroecosystem (Manlay
et al., 2004). Zaï practices and related practices
as djengo are in line with the concepts of the pa-
tchiness pattern of resources to optimize plant
production.

Conclusion

The zaï and djengo practices based on the
control of water and organic fertilizers supply
have been largely adopted in Ziga. It is possible
to cultivate soils that were usually not used un-
der traditional farming. Farm intensification of
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the farming systems using zaï and djengo practi-
ces is possible. In naturally poor tropical soils,
the local supply of water and organic fertilizers
is the main determinant of crop production in
regions with erratic rainfall levels.

Rural population growth is not necessarily
negative. It can foster agricultural intensification
and innovation. Our research shows that innova-
tions of agricultural practices occur and lead to
an increase of agricultural yields and to an envi-
ronmental regeneration that contributes to po-
verty reduction.

Finally, the development of these practices
seems to be another evidence of the importance
of the spatial organization of the determinant
components that drive an ecological system. Our
hypothesis is that the localization or concentrati-
on of resources in a poor environment is the most
efficient organisational step to ensure the viabili-
ty of a system. This should be further analysed
under pedoclimatic conditions in order to con-
tribute to the enhancement of soil fertility mana-
gement and to the improvement of farming sys-
tems improvement savannahs agrosystems.
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