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ABSTRACT

This paper describes the emergence of improved traditional planting pits (zai) in Burkina
Faso in the early 1980s as well as their advantages, disadvantages and impact. The zai’ emerged
in a context of recurrent droughts and frequent harvest failures, which triggered farmers to start
improving this local practice. Despair triggered experimentation and innovation by farmers.
These processes were supported and complemented by external intervention. Between 1985 and
2000 substantial public investment has taken place in soil and water conservation (SWC). The
socio-economic and environmental situation on the northern part of the Central Plateau is still
precarious for many farming families, but the predicted environmental collapse has not occurred
and in many villages indications can be found of both environmental recovery and poverty

reduction.
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THE EMERGENCE AND SPREADING OF AN IMPROVED
TRADITIONAL SOIL AND WATER CONSERVATION PRACTICE
IN BURKINA FASO

Daniel Kaboré' and Chris Reij*

1. THE CONTEXT IN WHICH Z4Al EMERGED IN THE YATENGA REGION

In the 1970s the densely populated northern part of the Central Plateau faced an
acute environmental crisis. Recurrent droughts led to frequent harvest failure. Between
1975 and 1985 this region witnessed substantial out-migration to less densely populated
regions with better soils and higher rainfall’. Women had to walk longer distances to
collect firewood. Vegetation was destroyed not only for firewood, but even more to
expand cultivated land. Groundwater levels fell by an estimated average of 1 meter per
year and many wells and boreholes fell dry just after the end of the rainy season. Average
yield levels of sorghum and millet were in the order of 400 — 500 kg/ha only (Dugué
1989:119) with substantial inter-annual variations depending on rainfall. Because of
frequent droughts, cultivation of upper and mid-slopes became difficult, if not
impossible, and those farmers who had access to the lower slopes and valley bottoms
concentrated cultivation in these parts of the toposequence (Stoop 1987). The surface of

completely barren land increased dramatically.

! Daniel Kaboré is an Agricultural Economist at the Institute for Environment and Agricultural Research
(INERA) in Ouagadougou , Burkina Faso. Email: kaboredaniel@hotmail.com

? Chris Reij is a human geographer by training, who has worked in the past 25 years mainly in the West
African Sahel. He recently coordinated a regional action-research program on farmer innovation in African
agriculture, initiated a study on long-term changes in agriculture and environment in Burkina Faso and co-
authored a report on Success Stories in Africa’s Drylands for the Global Mechanism of the UNCCD.

3 Between 1975 and 1985 some of our study villages lost up to 25 percent of their families due to recurrent
drought and the worsening economic and environmental situation.



These trends were particularly strong in the central part of the Yatenga region,
which had average population of up to100 persons/km2. Around 1980, the Yatenga
region had the reputation of being the most degraded region of Burkina Faso.

The French geographer Jean-Yves Marchal painted a gloomy picture of the
situation in the Yatenga in the 1970s (Marchal 1977, 1979, 1984,1985,1987). Its
population increased from 250.000 inhabitants in 1930 to 530.000 in 1975. This increase
was accompanied by a strong reduction of fallow, a decrease in soil fertility, increasing
erosion, a drop in agricultural production and a strong expansion of cultivated lands over
soils marginal to agriculture. The area of cultivated land increased much faster than the
population, which is an indicator of extensification. According to Marchal (1977:143)
already in the 1970s, 80 percent of all cultivated land in the central part of the Yatenga
was permanently cultivated with sorghum and millet. Fallow had practically disappeared
as a means to restore soil fertility. About 70 - 85 percent of the village territories were
cultivated and about 40 percent of this cultivated land was marginal to agriculture.

The Yatenga in the 1950s - 1970s presented an exception to the Boserup
hypothesis. A process of agricultural intensification did not accompany the increase in
population densities and the growing pressure on available natural resources. Instead, it
induced a process of extensification. The specter of drought, poverty, famine and
environmental degradation pushed many farmers in this region with their backs against
the wall. They either had to migrate to other more favorable regions and many did so, or
they had to learn how to cope with or overcome these problems.

Until 1980, the extension system had not been able to offer effective resource-

enhancing technologies acceptable to resource-poor farmers. In the early 1960s a large-



scale mechanized SWC project (GERES) was undertaken in the Yatenga, but it was
stopped prematurely, because farmers did not maintain and sometimes deliberately
destroyed conservation works. Marchal (1979:247) remarked that the objective of this
project was to treat soils and not land cultivated and used by rural societies. In 1977 the
Rural Development Fund (FDR II) started with the construction of graded earth bunds in
the Yatenga. These were laid out on small blocks of cultivated village fields (30 — 60 ha).
Their objective was to conserve rainfall and reduce erosion. Again maintenance was poor
and many earth bunds were deliberately destroyed or breached by farmers, because they
prevented runoff from non-cultivated fields to enter the cultivated fields. Also their
maintenance requirements were considered too high (Reij 1983).

In this difficult context both farmers and NGO technicians started to experiment
with SWC techniques. The farmers concentrated on improving traditional planting pits or
zai' and NGO technicians concentrated on contour stone bunds. The combination of both
techniques proved to be very efficient in the rehabilitation of strongly degraded land. In
other words, agricultural intensification in this region started in the early 1980s when
SWC technologies became available, which were simple, as they could be mastered by

all farmers, and efficient in the sense that they immediately increased yields.

2. DEVELOPMENT AND DISSEMINATION OF THE ZAl TECHNOLOGY

THE ORIGIN OF ZAl

Around 1980, farmers in the village of Gourga, which is situated close to the
regional capital Ouahigouya, started to experiment with traditional planting pits or zai.

Traditionally, planting pits were used on a small scale to rehabilitate rockhard, barren



land (zipélé), in which rainfall could no longer infiltrate. These patches of barren land are
not necessarily formerly cultivated fields, which degraded because of overcultivation.
Most of them are created by the destruction of their vegetative cover. This is an ongoing
process. The dimensions of the pits were increased (from a diameter of 10 — 15 cm to 20
— 30 cm and a depth of about 20 cm) and another innovation was that manure was applied
to them. In this way the improved planting pits concentrated water and nutrients in one
spot. The pits were dug during the dry season’ and the organic material used attracted
termites. These termites play a crucial role as they dig channels in the soil and by doing
so they improve its ‘architecture’. At the same time they digest the organic matter and
make nutrients more easily available to the crops planted or sown in the pits.

One farmer, Yacouba Sawadogo, stands out as a key innovator in zai. Though he
may or may not have been the very first farmer to experiment with zai, he has
nonetheless clearly has played a decisive role in experimenting with traditional planting
pits. The question is what triggered him to start experimenting and where did he get his
ideas? His main motive appears to be the recurrent droughts and the associated food
shortages, which made life very difficult. Many families had already left the region to
settle in better parts of Burkina Faso or in Ivory Coast’. He preferred to stay on the land
of his ancestors, but realized that something had to be done against land degradation.

Yacouba may have picked up the idea for improving the traditional pits during a study

* This is a big difference with tied ridges, which are constructed during the cropping season. Although tied
ridges have been promoted in the first half of the 1980s by SAFGRAD, they have never been adopted by
farmers despite the claim of the researchers (Ramaswamy and Sanders 1989) that it is economically
rational to invest in them .

> Many farm households have strong links with small plantations in Ivory Coast, which they own or which
are owned by relatives. The importance of these links and their impact on the allocation of labor resources
and on the transfer of funds has not yet been adequately studied.



visit to Mali organized by an NGO °. Upon return he started to try out on his fields what

he had observed in Mali and in the process he added some of his own ideas.

THE SPREADING OF z4[

The millet and sorghum yields obtained by Yacouba on land, which used to
produce nothing, were remarkable and quickly perceived by other farmers in the village
who started copying him. The OXFAM-funded Agro-Forestry project, which
experimented in the Yatenga with different SWC techniques, immediately recognized the
potential of the improved planting pits and started to promote this technology by bringing
visitors to the village of Gourga. Other NGO’s, projects and government agencies
quickly became aware of the potential of this technique. In the first few years they mainly
spread within the Yatenga region where they were often combined with contour stone
bunds, which reduce the force of surface runoff and prevent destruction of the planting
pits’. With some delay zai started spreading to other parts of the Central Plateau.

Two farmers have played a key role in the dissemination of the technology. The
first is the already-mentioned Yacouba Sawadogo, who started an “Association pour la
Promotion des Zai” (an Association for the Promotion of Zai). He trained farmers in
many villages in how to use this technique. Each year he organizes a so-called zai’
market, in which representatives from about 100 villages come to Gourga to share their

experience.

® The study visit was organized by the OXFAM-funded Projet Agro-Forestier. Pitting can be found in the
region between Djenne and Mopti, but also on the Dogon Plateau.

’ The contour stone bunds are the outcome of a process of on-farm experimentation by the OXFAM-funded
agroforestry project and farmers during 1979 — 1981. In 1982 this project designed an extension strategy
for contour stone bunds (Wright 1983, Reij 1983). Contour stone bunds and zai have become the most
successful SWC techniques on the Central Plateau and are now widespread.



The other key farmer is Ousseni Zorome, who lives in the village of Somyaga,
which is also close to the regional capital of Ouahigouya. In the early 1980s Ousseni was
a small trader who borrowed a large piece of strongly degraded land on which only 9
trees had survived. He gradually treated the land with zai and like many other farmers he
started at the lowest point of his fields®. While doing so he systematically protected
natural regeneration of trees and bushes. As a result he now has about 2000 trees on his
fields. Ousseni created a so-called “zai’ school” which is a group of farmers jointly
learning to rehabilitate a plot of degraded land. His district association of zai schools now
has about 1000 members (Sawadogo, et al. 2001).

Both Yacouba and Ousseni have, at their own initiative, set up private extension
services. To some extent, they replace the public extension service, which has become
increasingly crippled by structural adjustment programs and has concentrated its
activities more and more in cotton-growing regions.

SWC projects have played a key role in the spreading of zai outside the Yatenga.
They organized and funded study visits for their farmers, who upon return adopted and
sometimes adapted the zai on their own fields and their example was subsequently
followed by their neighbors, who observed what they achieved. Farmers rehabilitate
degraded land with zai without any external support. They do all the work themselves.
The key contribution provided through public funding is in the form of study visits and

support for the transport of stones for the construction of bunds.

¥ The technical SWC manuals all advocate starting the treatment of land at the highest point of the
catchment and to work downwards. Farmers in the Yatenga and in many other semi-arid regions, prefer to
start at the lowest point in order to catch runoff from upslope, without which it would be difficult to get a
harvest in drought years.



A good example of this is the visit to the Yatenga organized in 1989 by the IFAD-
funded SWC project in Illela district (Niger) for 13 farmers. This has produced an
impressive spreading of zai (in haussa these are called tassa) in this region. Already in
1992 farmers in Illela District were actively buying and selling strongly degraded land to

rehabilitate this with fassa.

THE AREA TREATED WITH ZA[

It is impossible accurately estimate the area in and outside the Yatenga which has
been treated with zai. Farmers treat their individual fields and often their bush fields,
which are spread over the village territory. This means that one generally does not find
big blocs of treated land. Nonetheless, our field work suggests that thousands of farmers
in and outside the Yatenga have used this technique mainly to reclaim barren degraded

land and sometimes also to improve the quality of their existing fields (Figure 1)
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Digging the zai'demands considerable quantities of labor, about 300 person-hours per
hectare. And for that reason farmers treat their fields progressively. Each dry season they
rehabilitate some land, but how much they do depends on available labor (family and/or hired
labor) and on motivation. Some rehabilitate 0.2 ha/year and others do more. This progressive
approach differs from actions planned by SWC projects, which tend to treat blocks of land
through collective action using machinery.

Another reason why accurate estimates are difficult is that a considerable portion of land
rehabilitated with zai' becomes normal land again after some years. Farmers dig zai'in year 1 and
after 2 to 5 years they dig new ones in between the existing pits. In this way the entire field is
rehabilitated and can be tilled again with the plough or the hoe’. The larger the sand fraction, the
quicker the process of conversion to normal land. Farmers rehabilitating gravelly and shallow
lateritic soils (zegdga) do maintain zai on a quasi-permanent basis. They just clear the pits when
needed.

Although it is impossible to accurately estimate the number of hectares treated with
improved traditional planting pits, it is safe to say that on the northern part of the Central Plateau
tens of thousands of hectares of land have been treated. A survey undertaken in 1998 in 5
provinces covering the northern part of the Central Plateau showed that 123 households who had
undertaken SWC had reclaimed on average 1,33 ha per household using zai'and contour stone

bunds (Société Africaine d’Etudes et Conseils, 2000:45).

° This means that in most cases pits disappear over time, but as most pitted land is also treated with contour stone
bunds this does not lead to increased erosion. In parts of Zambia and Tanzania pits are dug not to rehabilitate
degraded land, but on cultivated fields. These are filled with manure and planted with, for instance, maize ( Malley,
et al. 2001).



10

THE ADVANTAGES OF ZAl

One farmer in the Sanmatenga region told a journalist of “Le Monde”, who visited him in
June 2000 on his fields that “zai are the invention of the century” (Le Monde 18/19 June 2000).
The question of why large numbers of farmers are adopting zai, can only be answered by looking

in more detail at their advantages and disadvantages.

1. They are used to rehabilitate strongly degraded land, which is of vital importance in a
region characterized by high population pressure on limited resources'”. It allows farmers
to expand the size of their farms and to do this on fields where before nothing would
grow. In the “without” situation, yields are 0 kg/ha and in the “with zai” situation they
range from 300 — 400 kg of sorghum in a year of low rainfall to easily 1500 kg/ha in a
year of good rainfall.

2. According to conventional SWC wisdom, investments in SWC produce benefits in the
medium or long-term. However, water harvesting techniques such as zai produce a yield
from the first year.

3. Zai are labor-intensive, but they are dug progressively during the dry season. How many
are dug, depends on available family labor and on the possibility of hiring labor'".

4. Because more water infiltrates in the pits and the water retention capacity of the soils
increase, crops suffer less from drought spells at the onset of the rainy season as well as
during the rainy season.

5. Manure is concentrated in the pits and therefore used more economically, which is
particularly attractive to farmers with few livestock. Besides this they capture wind-
blown soil and litter (Ouedraogo and Kabore 1996: 83).

6. In particular in the first few years fields reclaimed with zai are hardly infested by Striga
and other weeds, which means that labor requirements for weeding are lower than on
other fields.

7. The land is prepared during the dry season, which means that farmers can immediately
sow their fields with zai' when the rains arrive. They need not first spend some days
plowing the land. Some farmers gain even more days early in the season, because they
practice dry seeding in April.

1% population pressure is variable, but around 100 persons/km? in various parts of the Central Plateau.
"' In Niger’s Illela district the introduction of improved traditional planting pits appears to have contributed to a
revival of traditional work parties as well as to an emergence of a labor market (Hassane, et al., 2000: 39,40)
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8. Because more water is harvested and conserved and organic matter is used in the pits,

conditions are improved for using some mineral fertilizers to increase yields and biomass
production.

The manure applied to the pits contains seeds of trees or bushes, which have passed
through the intestines of livestock, which facilitates their germination. This explains the
sometimes spectacular regeneration of the vegetation and the increase in on fields treated
with pits. The young seedlings also benefit from the concentration of water and manure
(Roose et al. 1999: 351,352)

THE DISADVANTAGES OF ZAl

1.

The labor requirements for digging of zai are high (about 300 man-hours/ha)'?. How high
they are depends on the type of soils in which they are dug. Also the labor requirements
for their maintenance depend on soil type. Pits dug in soils with a high clay fraction or
with a lot of gravel require less maintenance than pits dug in sandier soils.

Mechanization is impossible. Pits are dug by hand and maintained by hand. Researchers
have done some experiments to reduce labor requirements for digging. They used a pair
of oxen for a “sous-solage crois¢” every 80 cm. This took 11 hours of work. By digging
the pits at the cross-sections, labor requirements are halved (Roose et al. 1992).

3. IMPACT ON FARM HOUSEHOLDS AND ON FARMLAND

THE IMPACT OF ZAI ON CROP YIELDS AND ON HOUSEHOLD FOOD SECURITY

Although improved traditional planting pits have been used increasingly since 1980,

reliable yield data are not available. In Burkina Faso researchers have never measured its impact

on yields on the same fields for more than two years. This means that the influence of inter-

annual rainfall variability has not been captured adequately. It is also surprising that yields have

not been measured in the heartland of the zai, the Yatenga, but always in other regions. This is of

some importance as farmers in the Yatenga often make fewer pits per hectare than farmers in

12 Roose et al. (1995:257) express labor requirements in hours. They indicate 300 hours/ha. Slingerland and Stork
(2000:63) found an average of 306 hours per ha for a sample of 15 farmers. Maatman (1999: 373) estimates that
digging zai on 1 ha requires 450 — 650 heures depending on soil conditions.
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other regions. The number of pits in the Yatenga varies from 8.000 to 18.000/ha (Hien and
Ouedraogo, 2001: 263). Elsewhere their numbers range from 23.000 - 31.000 in the village of
Donsin (Kabore,1994) to 46.000 — 51.000/ha in 3 villages in the Yako region (Slingerland and
Stork, 2000: 64)."* The number of zai per hectare and their dimensions determine how much
water they harvest. The bigger the number and the smaller their size, the less water they harvest.
Also the quantity and quality of organic matter used influences yields. Generally farmers use 3 —
5 tons/ha in zai, but some farmer innovators used 5 — 12 tons/ha (Hien and Ouedraogo,
2001:263).

A vital question to be answered when dealing with the question of the impact of zai'is
what would have happened on the same fields without zai. Most studies use the cereal yields
obtained on surrounding fields as the without situation or sometimes average yields obtained in a
district are used as without situation (for instance, Hassane et al. 2000, do this in Niger). As zai
in Burkina Faso or fassa in Niger are mainly used to rehabilitate strongly degraded land the real
without situation is 0 kg/ha. This is also how most farmers perceive the without situation. These
fields are usually so degraded that also a long-term fallow would not have any positive impact.

The available data show that yields vary wildly from year to year, primarily because of
variations in the volume and timing of rainfall. This variability is well illustrated by yield data

collected in Niger from 1991 to 1996 on the same farmers’ fields (Table 1).

1 Slingerland and Stork (2000) have not been doing research on zai,as they assume, but rather on a small traditional
pit used in the Yako region, called guendo.
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Table 1--Impact of planting pits (fassa) plus manure and fertilizer on cereal yields 1991 —
1996 (kg/ha) in Niger’s Illéla District

Rainfall 1991 1992 1993 1994 1995 1996 Average
1991-
1996
Badaguichiri 726 mm 423 mm 369 mm 613 mm 415 mm 439 mm
Il1éla 581 mm 440 mm 233 mm 581 mm 404 mm 440 mm
Sorghum yields
TO - 125 144 296 50 11 125
T1 520 297 393 969 347 553 513
T2 764 494 659 1486 534 653 765
YIELD GAINS
520 172 249 673 297 542 388
T1-TO 764 369 515 1190 484 642 640
T2-TO
Average district
yields 386 241 270 362 267 282 301

TO = without situation
T1 = planting pits with manure
T2 = planting pits + manure + inorganic fertilizers

Source: Hassane et al. 2000:26

Planting pits alone offer several agronomic advantages over conventional plowing. First,
water harvesting in the pits focuses available moisture on the cereal crops and enables plants to
survive long dry spells. In addition, dry-season land preparation for planting pits enables farmers
to plant early, with the first rains. They thus enjoy a longer growing season than under
conventional tillage where farmers cannot begin land preparation until after the rains have begun.
As a result, available evidence suggests that pits alone generate yield gains over conventional
plowing, though these gains vary substantially across soil types and seasons. Amidst wide
variation, Roose et al. (1993) find that zai pits alone achieved an average gain of only 38 kg/ha in
white sorghum yields over two seasons in two locations in Burkina Faso (Table 2). Using a
regression analysis, Kabore (2000) found that zai pits alone increased sorghum yields by 310

kg/ha compared to the non-zai situation in the village of Donsin, which had recently adopted this
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technique. Zai'combined with contour bunds showed an even greater increase in yields (+ 710

kg/ha).
Table 2--Sorghum Yields on Conventional and Treated Fields in Burkina Faso
Pouyango Taonsongo Average
1992 1993 1992 1993
SORGHUM YIELDS
(KG/HA) 63 22 150 3 60
150 29 200 13 98
a. control 690 257 654 123 431
b . 976 550 1704 924 1039
. pits only
c. pit+ compost
d. pit + compost +
fertilizer
ABSOLUTE GAINS
(KG/HA) 87 7 50 10 38
627 235 504 120 372
b 913 528 1554 921 979
-a
c-a
d-a

Source: Roose, Kabore and Guenat (1993).

When combined with manure or inorganic fertilizer, the zai pits typically generate even
larger gains. In Niger’s Illela district, for example, cereal yields on untreated fields (TO)
averaged 125 kg/ha over a six-year period. Yields rose by an average of 388 kg/ha in pitted
fields with manure (T1). The zai pits with manure (T1) achieved systematically higher yields
than adjacent untreated fields (T0) and also higher than the average cereal yields for Ill¢la district
(Table 1). With an additional dose of inorganic fertilizer (T2), in combination with the pits and
manure, average yields rose by 640 kg/ha compared to the control plots (Table 1). The
additional gains due to the addition of inorganic fertilizer proved biggest in years of good rainfall
(1994), though in other years (1996) the additional yield would not be sufficient to cover the
costs of inorganic fertilizers. Similar trials over two seasons in Mali indicate that zai pits plus

manure increased sorghum yields by an average of 719 kg/hectare (Wedum et al., 1996). In
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Burkina, zai pits plus compost achieved yield gains of 372 kg/ha, roughly ten times the output
gains under zai pits alone (Table 2).

Are gains in yields due to the zai or to the manure used? The answer is simple: on
degraded lands one without the other gives much poorer results. It is the concentration of water
and nutrients in the planting pits that makes the difference.

During an impact assessment of SWC, agroforestry and agricultural intensification in 5
villages on the northern part of the Central Plateau, farmers agreed unanimously that SWC and in
particular zai' had had a positive impact on household food security (Reij et al. 2001). In years of
good rainfall many farmers now produce a small surplus of grains, which provides a buffer in
years of low rainfall. This picture also emerged in Niger where farm families with SWC
produced an estimated surplus of 70 percent in years of good rainfall, while they had an
estimated deficit of 28 percent in years with low rainfall (Hassane, et al. 2000:33).

An important question is whether yields can be maintained at a higher level over a longer
period. Roose et al. (1993: 168/169) found a substantial decline in yields in the second year,
which could not only be explained by a 100 mm lower rainfall. They related the decline to
limited nutrient availability (mainly lack of nitrogen and phosphate). The use of a small quantity

of mineral fertilizers substantially increases yields of grains and stover.

THE IMPACT OF ZAI ON SOIL FERTILITY

The ferrallitic soils of Burkina’s Central Plateau are generally poor in nutrients and in
water holding capacity. Average sorghum yields in the Yatenga have increased from an average

of 594 kg/ha in the 1984-88 period to 733 kg/ha in the 1995-2001 period. For millet these figures
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are respectively 473 kg/ha and 688 kg/ha'* (Reij and Thiombiano 2003:16). This increase is
partially due to higher rainfall in the 1990s, but also to the considerable investment in soil and
water conservation in the last decade. Despite this substantial increase, average yields are still
low, reflecting poor soil fertility. High population densities make fallowing impossible and
virtually all soils are cultivated continuously.

Mando (2003) compared soil fertility parameters of soils treated with zai respectively 3
and 5 years ago. The data show a systematic improvement of all parameters. For instance, the
organic matter content increased from 1 to 1.4 percent and nitrogen increased from 0.05 to 0.8
percent. Also the soil structure improved considerably with an increase in its clay content and a
decrease in the sand fraction. This is no surprise as planting pits are dug on barren, crusted soils
on which nothing can grow and which do not allow any infiltration.

The quantities of manure, compost and household waste applied to the fields are
generally below 1 t/ha whereas agronomists feel that at least St/ha are needed to maintain soil
fertility. Farmers usually apply manure or compost once every two years. In every second year
they count on residual soil fertility. They observe their crops and apply organic matter where
they feel it is most needed and in doing so they take into account differences in soils and in
micro-topography. Some will also apply a small top dressing of NPK. In this respect they
practice a form of precision agriculture. A key advantage of zai'is that the organic fertilizers are

concentrated in pits and not spread over a field.

' These data are averages for fields with and without soil and water conservation. Villages with considerable
investment in soil and water conservation systematically have higher yield levels than villages with little investment
in this sector.
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THE IMPACT OF ZAI ON FARM FORESTRY

The manure and compost used in zai contain seeds of trees, shrubs and grasses. As a
result, pitted fields show substantial regeneration of woody and herbaceous species. Farmers
selectively protect species regenerating naturally. Protection of natural regeneration on treated
fields contributes more to tree cover than planting of trees under village forestry projects. The
species protected include: baobab (Adansonia digitata), Acacia albida, Sclerocarya birrea,
Piliostigma reticulatum. Roose at al. (1999:351/352) identified after two years, on an initially
barren field, 23 herbaceous species and 13 species of trees and shrubs. Zai also contribute to the
revegetation of bare land.

Ousseni Zorome, a farmer innovator living close to the regional capita of Ouahigouya,
counted only 9 trees on 11 ha of degraded land he started to reclaim in 1983. Now he has about
2000 trees representing 17 species on these fields (Sawadogo et al. 2001: 41).

On what used to be barren land, which was reclaimed with a combination of zai, contour
stone bunds and vegetative techniques, Ousseni Kindo is now trying to grow some fruit trees,
which can only be found in the Guinean zone (Ivory Coast). They include an orange tree, an
avocado and a kolanut (personal observation January 2002). The fact that this experiment is
possible indicates substantially improved soil conditions. His formerly barren fields now not
only produce sufficient food for an extended family, but also sufficient firewood.

The earlier mentioned farmer-innovator Yacouba Sawadogo has used pits to
systematically grow trees and shrubs on his fields. He deliberately puts grains of the species he
wants on his fields in the pits. In this way he is able to determine which species he wants, where

and in which numbers. This practice of so-called “forestry zai” is not yet widely applied, but has
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considerable potential. It allowed Yacouba Sawadogo to create a forest containing more than 60

species where only 4 species could be found before he started (Sawadogo, et al. 2001: 41).

CHANGES IN LIVESTOCK MANAGEMENT

Many farmers on the northern part of the central Plateau, who have undertaken SWC, and
in particular zai, claim that they have invested more in livestock since they started these
activities. Their reasoning is as follows: SWC has substantially increased the production of
fodder (stover, herbs and pods), which makes it possible to increase livestock numbers; but this
requires improved availability of water at village level (see next point). Food deficits are smaller
and in good years small surpluses are produced. This has freed up money for investment in
livestock and this in turn leads to the production of increased quantities of manure. Until recently
it was common to ask Fulani herders to take care of the cattle during the entire year, now farmers
increasingly want their cattle to stay on their farm during the dry season, so they benefit

optimally from their manure (Reij, et al. 2001)

LOCAL IMPACT ON GROUNDWATER LEVELS

In the early 1980s groundwater levels on the Central Plateau dropped an estimated 50 —
100 cm/year (Reij 1983:10). Many wells fell dry immediately after the end of the rainy season
and had to be deepened regularly. This led to a lot of extra work for women and girls whose task
it is to fetch water. For instance in the village of Rissiam (Bam province) and in the village of
Ranawa (Zondoma province) all wells fell dry at the end of the rainy season and women had to
walk 5 — 6 km to respectively a lake and a well. Currently, all wells and boreholes in both
villages have water during the entire dry season. In several villages included a study on long-

term economic and environmental change on the northern part of the Central Plateau, though not
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in all, levels of water in wells have improved substantially during the last 10 — 15 years. This is
not due to higher rainfall in the 1990s, but it is linked to the introduction of SWC measures,

which lead to a control of surface runoff and better infiltration'.

SOCIO-ECONOMIC IMPACT

Every farmer, rich or poor, can master improved traditional planting pits. Yet, the
indications are that the “rich” and medium farmers use this technology more than the poor,
simply because they have more family labor or are able to hire labor. Poor families are more
likely to benefit from project-supported construction of stone bunds, which is usually done by
groups of farmers on blocks of land selected for this purpose. Such blocks of land do include
fields of small farmers as well as field cultivated by women'®,

The broader question is whether zai'and other SWC techniques have contributed to
reducing rural poverty. Some micro-level studies appear to support this claim. Using their own
criteria to define wealth, which are mainly related to the level of food security, the villagers of
Ranawa (Zodoma Province) estimated that the number of poor families decreased by 50 percent
between 1980 and 2001 (Ouedraogo, M. et al., 2002: 35)"". This was largely due to the wide
range of SWC activities undertaken in this village since 1985, which has led to the progressive
rehabilitation of about 600 ha of degraded land most of which had become unproductive. The

environmental and socio-economic situation in this village was dire in the early 1980s. Due to

15 A spectacular improvement of water availability has been found in villages with a long history in SWC, but not in
villages with little or no SWC. This indicates that improvements in water availability are not due to slightly
increased rainfall in the 1990s, but rather to different levels of SWC. Levels of water in wells are about 5 m higher
now than in the early 1980s, but cases are known where this is much higher. A quick reconnaissance in 59 villages
carried out in 2002 shows that the number of wells which have water the year round has not increased significantly
since the start of SWC. This aspect needs to be studied in more detail.

' This is confirmed by preliminary data from the earlier mentioned Central Plateau study, which show that poor
farmers benefit equally from SWC

' This figure should be regarded with some caution. It is justified to say that the number of poor families in Ranawa
has decreased substantially. As one farmer explained “ in 1985 only two families had livestock, but now all families
have at least one head of cattle and most have more”.



20

recurrent drought and important food shortages 49 families left the village between 1970 and
1980 (25 percent of all families) and settled in Ivory Coast or in more fertile and higher rainfall
parts of Burkina Faso. All wells fell dry shortly after the end of the rainy season and women had
to walk 5 km to fetch water in a neighboring village. Since SWC activities started in 1985 not a
single family has left the village in this village. All wells have water during the dry season. Due
to SWC more land is cultivated and yields have increased, which has led to a substantial
improvement in household food security and a systematic protection of natural regeneration
important stands of trees grow on what used to be barren land. Numbers of livestock have
increased substantially and livestock management has changed from extensive to semi-intensive
(livestock fattening and use of external inputs). Manure is collected systematically and used to
fertilize the fields. These profound changes are not only due to SWC, but are also influenced by
macro-economic policies, such as the devaluation of the West African Franc in January 1994,
which increased the value of livestock and livestock products.

Is this positive evolution in the village of Ranawa unique or an exception? In terms of
SWC Ranawa is above average compared to other villages. Even so, similar trends, though less
pronounced, can be found in hundreds of other villages on the northern part of the Central

Plateau.

THE MICROECONOMICS OF ZAl

According to some SWC specialists, economists and other scientists, SWC in semi-arid
regions may prevent a yield decrease rather than bring about a significant yield increase
(e.g.Brons et al. 2000: 32). If this were the case, then farmers in Burkina Faso would not be
investing spontaneously in zai' and in other conservation practices. When asked about the impact

of SWC on yields, farmers on the northern part of the Central Plateau systematically state that it
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leads not only to higher yields, but also to increased yield security, to more water in their wells,
to a stronger growth of trees and to a higher production of fruit (Reij, et al. 2001). It appears that
the farmers often have a more holistic view of the impact of SWC than researchers, who tend to
be interested in impact on yields only.

Improved traditional planting pits make it possible to rehabilitate strongly degraded land.
In the “without” situation yields on strongly degraded land are 0 kg/ha and every kilo of
sorghum, millet, cowpea or maize harvested on this land is perceived as additional to what they
would harvest otherwise. Strictly speaking this is not true, because the labor allocated to
rehabilitated land may lead to lower use of labor on existing fields, and hence to lower yields on
these fields. In fact, farmers who can afford it, re-introduce a short fallow on part of their
existing fields in order to improve soil fertility and to facilitate regeneration of trees and shrubs.

Table 3 presents a production budget for one hectare of zai'in a year of average rainfall.
Variable costs include the amortization of tools used to produce the compost, the cost of
maintenance of compost pit, the cost of emptying the pit as well as the costs of transporting the

compost to the fields'®

' These costs are derived from Sidibe et al. (1994) who measured them in INERA research villages in the western
part of Burkina Faso. Labor requirements for digging the zai and putting crop residues and other organic material
into the pits are based on Roose et al. (1999). Sidibe et al. (1994) measured the labor requirements for digging the
compost pit and filling it. A compost of 10almost 11 m3 is needed to produce 2,5 tons of compost. Crop yields and
prices vary from season to season.
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Table 3--Crop Production budget with zai technique, Burkina Faso

Crops Units Quantity Price Value
Sorghum Grains kg/ha 900 100 90,000
Stover kg/ha 1,665 12 19,980
Cowpea Grains kg/ha 150 212 31,800
Fodder kg/ha 248 15 3,720
A. Gross Revenue 145,500
Variable Costs
Equipment amortization FCFA/ha 9,566
Pit maintenance FCFA/ha 2,761
Emptying pit FCFA/ha 739
Compost transportation FCFA/ha 5,000
B. Total variable costs FCFA/ha 18,066
C. Gross Margin FCFA/ha 127,434
D. Labor Investments
Labor requirements for zai
Digging zai Hrs/ha 450
Putting compost into the pits Hrs/ha 150
Labor for Compost pit
Digging Hrs/ha 96
Filling Hrs/ha 78
Labor requirements for planting™* Hrs/ha 40
Labor requirements for weeding* Hrs/ha 95
Labor requirements for harvesting** Hrs/ha 50
Labor requirements for transportation & storage Hrs/ha n.d
Total labor Hrs/Ha 959
Returns to labor/hour FCFA 133

* Based on both ICRISAT crop production budget data and farmers' qualitative estimates: 1/3 of ICRISAT

weeding data and 3/4 of the planting labor data.

** Only based on ICRISAT crop production budget data
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The return to labor is an estimated 133 CFA/hour, compared to notional estimates of
shadow wage rates of about 100 CFA/hour. Assuming a 6 hour workday this would mean a
return to labor of 797 CFA/person day (about 1.15 US $/day). This figure will fluctuate from
year to year depending on rainfall conditions. In reality the benefits are higher, because this
budget does not take into account long-term benefits of zai. Farmers on the northern part of the
Central Plateau systematically state that SWC does not only lead to higher yields, but also to
increased yield security, to more water in their wells, to a stronger growth of trees and to a higher
production of fruit (Reij et al. 2001). Zai are used to rehabilitate strongly degraded soils. This

technique leads to the re-capitalization of soils.

POTENTIAL FOR EXPANSION OF THE TECHNOLOGY (POTENTIAL AND
CONSTRAINTS)

The potential for expansion of zai' within Burkina Faso and in other Sahelian countries is
considerable and expansion has already occurred. In 1989 an IFAD-funded SWC project in
Niger’s Ill¢la District sent 13 farmers on a study visit to the Yatenga region where they observed
zai and other conservation practices. Upon return some of them tried these out on their own
fields and obtained impressive results. More farmers started trying zai (or tassa as they are called
in haussa) the next year. 1990 was a drought year and only fields treated with fassa produced a
harvest. From this moment on tassa became increasingly popular and farmers started buying
degraded land to rehabilitate these. Prices for degraded land doubled between 1992 and 1994.
Buying and selling of degraded land is not an isolated phenomenon in Ill¢la and in neighboring
districts; many farmers are involved in the land market (Hassane, et al. 2000). Since fassa was
introduced in Illela District in 1989 they have spread not only to neighboring districts, but also to

other parts of Niger.
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What are the conditions governing prospects future expansion? According to Roose et al.
(1993: 171) zai function best in areas with a minimum of 300 mm and a maximum of 800 mm
rainfall. With less than 300 mm the risk of crop failure becomes too big and with more than 800
mm the crop risks to get too much water. To this should be added that the soil surface should be
barren, flat and hard, in order to generate sufficient runoff. Because the digging of zai requires a
substantial input of labor, this implies that a relatively high population density would facilitate its
spreading. Freeman (1999) has tried to map the range of proven soil management practices in
West Africa using digital maps and concluded that there also is a potential for expansion of zai’

to, for instance, Eastern Senegal and parts of Nigeria.

4. FINAL REMARKS

According to Burkina Faso’s National Action Plan to Combat Desertification the
environmental situation on the Central Plateau continues to degrade. This view is widely shared,
but ignores positive local development dynamics triggered by the serious droughts of the first
half of the 1980s. In hundreds of villages on the northern part of the Central Plateau, a
combination of farmer initiatives, public investment, efficient technologies and macro policies
has led to a process of environmental recovery which is still timid, but promising. During the
past 15 years, tens of thousands of hectares of strongly degraded land have been rehabilitated
using zai and projects have contributed to the construction of contour stone bunds on at least
100,000 hectares. The economic and environmental impact of investments in SWC practices has
been under-estimated by researchers.

The World Bank and other donor agencies emphasize the need for the re-capitalization of

African soils and in this context they usually advocate the use of mineral fertilizers. However,
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farmers on the Central Plateau of Burkina Faso (and in many other regions in Africa), are already
re-capitalizing their soils usually without the use of mineral fertilizers, which are often

considered too risky and too expensive.



26

REFERENCES

Brons, J., F.Zaal, R.Ruben and L.Kersbergen. 2000. Climate change, agricultural variability and
risk-coping strategies: a farm and household level analysis in northern Burkina Faso.
Wageningen University, Department of Economics and Amsterdam Research Institute for
Global Issues and Development Studies, University of Amsterdam Draft paper, 27
November 2000.

Dugué, P. 1989. Possibilites et limites des systemes de culture vivriers en zone Soudano-
Sahelienne: les cas du Yatenga Burkina Faso). Montpellier, DSA/CIRAD.

Hien,F. and Ouédraogo, A. 2001. Joint analysis of the sustainability of a local SWC technique in
Burkina Faso. In Farmer innovation in Africa: A source of inspiration for agricultural
development, ed. Rei},C. and A. Waters-Bayer. London, Earthscan Publications Ltd.

Kabor¢, P.D. 2000. Performance des technologies de conservation des eaux et du sol en champs
paysans a Donsin, Burkina Faso. Annales de ['Université de Ouagadougou Série, 13.

Kambou, F., Kaboré, P.D., Dickey, J. et J. Lowenberg-De Boer. 1995. Economie des cordons
pierreux, du paillage et du zai dans le nord du Plateau Central du Burkina Faso: une
perspective préliminaire. In Recherche intégrée en production agricole et gestion des
ressources naturelles, ed. Lowenberg-De Boer, J et al., ARTS Project, Purdue
University, West Lafayette, USA.

Maatman, A. 2000. Si le fleuve se tord, que le crocodile se torde”: une analyse des systemes
agraires de la région nord-ouest du Burkina Faso a [’aide des modeéles de

programmation mathématique. Centre for Development Studies. The Netherlands:
University of Groningen.

Malley, Z., A.Temu, N.Kinabo, S.Mwigune and A.Mwageni. 2001. Sowing maize in pits:farmer
innovation in southern Tanzania. In Farmer innovation in Africa: A source of inspiration

for agricultural development, ed. Reij,C. and A. Waters-Bayer. London, Earthscan
Publications Ltd.

Mando, A. 2003. Gestion des sols et évolution de la fertilité¢ des sols dans la partie nord du
Plateau Central du Burkina Faso. Etude Plateau Central. Rapport de travail no. 16.
Unpublished.

Marchal, J.Y. 1977. Systéme agraire et évolution de 1’occupation de 1’espace au Yatenga Haute
Volta). Cahiers ORSTOM, série Sciences Humaines, 14 (2): 141 —149.



27

Marchal, J.Y. 1979. L’espace des techniciens et celui des paysans: histoire d’un périmeétre anti-
¢rosif en Haute Volta. In Maitrise de [’espace agraire et développement en Afrique
tropicale. 245-252. Paris, ORSTOM.

Marchal, J.Y. 1984. Lorsque I’outil ne compte plus: techniques agraires et entités sociales au
Yatenga In Cahiers ORSTOM, série Sciences Humaines, 20 (3-4): 461 — 469.

Marchal, J.Y.1985. La déroute d’un systéme vivrier au Burkina: agriculture extensive et baisse
de production. In Economie des Vivres, juillet-décembre: 265 — 280.

Ouédraogo, A. and Sawadogo,H. 2001. Three models of extension by farmer innovators in
Burkina Faso. In Farmer innovation in Africa: A source of inspiration for agricultural
development, ed. Rei},C. and A. Waters-Bayer. London, Earthscan Publications Ltd.

Ouédraogo, M. and V.Kaboré 1996) The zai: a traditional technique for the rehabilitation of
degraded land in the Yatenga, Burkina Faso. In Sustaining the soil: Indigenous soil and
water conservation in Africa, ed. Reij, C., I Scoones and C.Toulmin. London, Earthscan.

Ramaswamy,S. and J.H.Sanders 1989. Population pressure, new agricultural technologies and
sustinability on the Central Plateau of Burkina Faso. Department of Agricultural
Economics. West Lafayette, USA: Purdue University.

Reij, C. 1983. L’ évolution de la lutte anti-érosive en Haute Volta depuis 1’indépendence: vers
une plus grande participation de la population. Vrije Universiteit. Amsterdam:
AmsterdamlInstitute for Environmental Studies.

Reij, C. and A. Waters-Bayer 2001. Farmer innovation in Africa: a source of inspiration for
agricultural development. London, Earthscan Publications Ltd.

Reij, C. et T.Thiombiano 2003. Développement rural et environnement au Burkina Faso. la
réhabilitation de la capacité productive des terroirs sur la partie nord du Plateau
Central entre 1980 et 2001. Ouagadougou, Ambassade des Pays-Bas, GTZ-PATECORE
et USAID.

Roose, Eric; Kabore, Vincent and Guenat, Claire. 1993. “Le zai: Fonctionnement, limites et
amélioration d’une pratique gtraditionnelle africaine de rehabilitation de la vegetation et
de la productivité des terres degrades en region soudano-sahelienne (Burkina Faso).”
Cahiers Orstom, série Pédiologie 2:159-173.

Roose, E., Kaboré, V. and Guenat, C. 1994. The Zai practice: A West African traditional
rehabilitation system for semi-arid degraded lands. A case study in Burkina Faso. Paper

presented at the seminar on the Rehabilitation of Degraded Land, Tunisia. November
1994.

Roose,E., Kaboré V. et C.Guenat 1999. Zai practice: A West African traditional rehabilitation
system for semi-arid degraded lands: a case study in Burkina Faso. Arid Soil Research
and Rehabilitation, 13: 343 — 355.



28

Sawadogo, H., Hien,F., Sohoro,A. and Kambou, F. 2001. Pits for trees: How farmers in semi-
arid Burkina Faso increase and diversify plant biomass. In Farmer innovation in Africa:
A source of inspiration for agricultural development, ed. Reij,C. and A. Waters-Bayer.
London, Earthscan Publications Ltd.

Sidibé et al. 1994. VOIR Recherche Intégrée en Production Agricole et en Gestion des
Ressources Naturelles par J. Lowenberg-Deboer et al., ARTS Project. West Lafayette,
IN, USA : Purdue University.

Slingerland, M.A. and V.E.Stork 2000. Determinants of zai and mulching in north Burkina Faso.
In Journal of Sustainable Agriculture, 16 (2): 53-76.

Wedum, Joanne; Doumbia, Yaya; Sanogo, Boubacar; Dicko, Gouro; and Ciss¢, Oussoumana.
1996. “Rehabilitating Degraded Land: Zai in the Djenné Circle of Mali,” Chapter 7 in
Chris Reij, Ian Scoones and Camilla Toulmin editors Sustaining the Soil: Indigenous Soil
and Water Conservation in Africa. London: Earthscan.




EPTD DISCUSSION PAPERS

LIST OF EPTD DISCUSSION PAPERS

01

02

03

04

05

06

07

08

09

10

11

Sustainable Agricultural Development Strategies in Fragile Lands, by Sara J. Scherr and
Peter B.R. Hazell, June 1994.

Confronting the Environmental Consequences of the Green Revolution in Asia, by Prabhu
L. Pingali and Mark W. Rosegrant, August 1994.

Infrastructure and Technology Constraints to Agricultural Development in the Humid
and Subhumid Tropics of Africa, by Dunstan S.C. Spencer, August 1994.

Water Markets in Pakistan: Participation and Productivity, by Ruth Meinzen-Dick and
Martha Sullins, September 1994.

The Impact of Technical Change in Agriculture on Human Fertility: District-level
Evidence From India, by Stephen A. Vosti, Julie Witcover, and Michael Lipton, October
1994.

Reforming Water Allocation Policy Through Markets in Tradable Water Rights: Lessons
from Chile, Mexico, and California, by Mark W. Rosegrant and Renato Gazri S, October
1994,

Total Factor Productivity and Sources of Long-Term Growth in Indian Agriculture, by
Mark W. Rosegrant and Robert E. Evenson, April 1995.

Farm-Nonfarm Growth Linkages in Zambia, by Peter B.R. Hazell and Behjat Hoijati,
April 1995.

Livestock and Deforestation in Central America in the 1980s and 1990s: A Policy
Perspective, by David Kaimowitz (Interamerican Institute for Cooperation on
Agriculture. June 1995.

Effects of the Structural Adjustment Program on Agricultural Production and Resource
Use in Egypt, by Peter B.R. Hazell, Nicostrato Perez, Gamal Siam, and Ibrahim
Soliman, August 1995.

Local Organizations for Natural Resource Management: Lessons from Theoretical and
Empirical Literature, by Lise Nordvig Rasmussen and Ruth Meinzen-Dick, August
1995.




EPTD DISCUSSION PAPERS

12

13

14

15

16

17

18

19

20

21

22

23

24

Quality-Equivalent and Cost-Adjusted Measurement of International Competitiveness in
Japanese Rice Markets, by Shoichi Ito, Mark W. Rosegrant, and Mercedita C. Agcaoili-
Sombilla, August 1995.

Role of Inputs, Institutions, and Technical Innovations in Stimulating Growth in Chinese
Agriculture, by Shenggen Fan and Philip G. Pardey, September 1995.

Investments in African Agricultural Research, by Philip G. Pardey, Johannes Roseboom,
and Nienke Beintema, October 1995.

Role of Terms of Trade in Indian Agricultural Growth: A National and State Level
Analysis, by Peter B.R. Hazell, V.N. Misra, and Behjat Hoijati, December 1995.

Policies and Markets for Non-Timber Tree Products, by Peter A. Dewees and Sara J.
Scherr, March 1996.

Determinants of Farmers’ Indigenous Soil and Water Conservation Investments in
India’s Semi-Arid Tropics, by John Pender and John Kerr, August 1996.

Summary of a Productive Partnership: The Benefits from U.S. Participation in the
CGIAR, by Philip G. Pardey, Julian M. Alston, Jason E. Christian, and Shenggen Fan,
October 1996.

Crop Genetic Resource Policy: Towards a Research Agenda, by Brian D. Wright,
October 1996.

Sustainable Development of Rainfed Agriculture in India, by John M. Kerr, November
1996.

Impact of Market and Population Pressure on Production, Incomes and Natural
Resources in the Dryland Savannas of West Africa: Bioeconomic Modeling at the
Village Level, by Bruno Barbier, November 1996.

Why Do Projections on China’s Future Food Supply and Demand Differ? by Shenggen
Fan and Mercedita Agcaoili-Sombilla, March 1997.

Agroecological Aspects of Evaluating Agricultural R&D, by Stanley Wood and Philip G.
Pardey, March 1997.

Population Pressure, Land Tenure, and Tree Resource Management in Uganda, by Frank
Place and Keijiro Otsuka, March 1997.




EPTD DISCUSSION PAPERS

25

26

27

28

29

30

31

32

33

34

35

36

Should India Invest More in Less-favored Areas? by Shenggen Fan and Peter Hazell,
April 1997.

Population Pressure and the Microeconomy of Land Management in Hills and
Mountains of Developing Countries, by Scott R. Templeton and Sara J. Scherr, April
1997.

Population Land Tenure and Natural Resource Management: The Case of Customary
Land Area in Malawi, by Frank Place and Keijiro Otsuka, April 1997.

Water Resources Development in Africa: A Review and Synthesis of Issues, Potentials,
and Strategies for the Future, by Mark W. Rosegrant and Nicostrato D. Perez,
September 1997.

Financing Agricultural R&D in Rich Countries: What’s Happening and Why? by Julian
M. Alston, Philip G. Pardey, and Vincent H. Smith, September 1997.

How Fast Have China’s Agricultural Production and Productivity Really Been Growing?
by Shenggen Fan, September 1997.

Does Land Tenure Insecurity Discourage Tree Planting? Evolution of Customary Land
Tenure and Agroforestry Management in Sumatra, by Keijiro Otsuka, S. Suyanto, and
Thomas P. Tomich, December 1997.

Natural Resource Management in the Hillsides of Honduras: Bioeconomic Modeling at
the Micro-Watershed Level, by Bruno Barbier and Gilles Bergeron, January 1998.

Government Spending, Growth, and Poverty: An Analysis of Interlinkages in Rural India,
by Shenggen Fan, Peter Hazell, and Sukhadeo Thorat, March 1998. Revised December
1998.

Coalitions and the Organization of Multiple-Stakeholder Action: A Case Study of
Agricultural Research and Extension in Rajasthan, India, by Ruth Alsop, April 1998.

Dynamics in the Creation and Depreciation of Knowledge and the Returns to Research,
by Julian Alston, Barbara Craig, and Philip Pardey, July, 1998.

Educating Agricultural Researchers: A Review of the Role of African Universities, by
Nienke M. Beintema, Philip G. Pardey, and Johannes Roseboom, August 1998.




EPTD DISCUSSION PAPERS

37

38

39

40

41

42

43

44

45

46

47

48

49

The Changing Organizational Basis of African Agricultural Research, by Johannes
Roseboom, Philip G. Pardey, and Nienke M. Beintema, November 1998.

Research Returns Redux: A Meta-Analysis of the Returns to Agricultural R&D, by Julian
M. Alston, Michele C. Marra, Philip G. Pardey, and T.J. Wyatt, November 1998.

Technological Change, Technical and Allocative Efficiency in Chinese Agriculture: The
Case of Rice Production in Jiangsu, by Shenggen Fan, January 1999.

The Substance of Interaction: Design and Policy Implications of NGO-Government
Projects in India, by Ruth Alsop with Ved Arya, January 1999.

Strategies for Sustainable Agricultural Development in the East African Highlands, by
John Pender, Frank Place, and Simeon Ehui, April 1999.

Cost Aspects of African Agricultural Research, by Philip G. Pardey, Johannes Roseboom,
Nienke M. Beintema, and Connie Chan-Kang, April 1999.

Are Returns to Public Investment Lower in Less-favored Rural Areas? An Empirical
Analysis of India, by Shenggen Fan and Peter Hazell, May 1999.

Spatial Aspects of the Design and Targeting of Agricultural Development Strategies, by
Stanley Wood, Kate Sebastian, Freddy Nachtergaele, Daniel Nielsen, and Aiguo Dai,
May 1999.

Pathways of Development in the Hillsides of Honduras: Causes and Implications for
Agricultural Production, Poverty, and Sustainable Resource Use, by John Pender, Sara
J. Scherr, and Guadalupe Durén, May 1999.

Determinants of Land Use Change: Evidence from a Community Study in Honduras, by
Gilles Bergeron and John Pender, July 1999.

Impact on Food Security and Rural Development of Reallocating Water from
Agriculture, by Mark W. Rosegrant and Claudia Ringler, August 1999.

Rural Population Growth, Agricultural Change and Natural Resource Management in
Developing Countries: A Review of Hypotheses and Some Evidence from Honduras, by
John Pender, August 1999.

Organizational Development and Natural Resource Management: Evidence from Central
Honduras, by John Pender and Sara J. Scherr, November 1999.




EPTD DISCUSSION PAPERS

50

51

52

53

54

55

56

57

58

59

60

61

Estimating Crop-Specific Production Technologies in Chinese Agriculture: A
Generalized Maximum Entropy Approach, by Xiaobo Zhang and Shenggen Fan,
September 1999.

Dynamic Implications of Patenting for Crop Genetic Resources, by Bonwoo Koo and
Brian D. Wright, October 1999.

Costing the Ex Situ Conservation of Genetic Resources: Maize and Wheat at CIMMYT,
by Philip G. Pardey, Bonwoo Koo, Brian D. Wright, M. Eric van Dusen, Bent
Skovmand, and Suketoshi Taba, October 1999.

Past and Future Sources of Growth for China, by Shenggen Fan, Xiaobo Zhang, and
Sherman Robinson, October 1999.

The Timing of Evaluation of Genebank Accessions and the Effects of Biotechnology, by
Bonwoo Koo and Brian D. Wright, October 1999.

New Approaches to Crop Yield Insurance in Developing Countries, by Jerry Skees, Peter
Hazell, and Mario Miranda, November 1999.

Impact of Agricultural Research on Poverty Alleviation: Conceptual Framework with
1llustrations from the Literature, by John Kerr and Shashi Kolavalli, December 1999.

Could Futures Markets Help Growers Better Manage Coffee Price Risks in Costa Rica?
by Peter Hazell, January 2000.

Industrialization, Urbanization, and Land Use in China, by Xiaobo Zhang, Tim Mount,
and Richard Boisvert, January 2000.

Water Rights and Multiple Water Uses: Framework and Application to Kirindi Oya
Irrigation System, Sri Lanka, by Ruth Meinzen-Dick and Margaretha Bakker, March
2000.

Community natural Resource Management: The Case of Woodlots in Northern Ethiopia,
by Berhanu Gebremedhin, John Pender and Girmay Tesfaye, April 2000.

What Affects Organization and Collective Action for Managing Resources? Evidence
from Canal Irrigation Systems in India, by Ruth Meinzen-Dick, K.V. Raju, and Ashok
Gulati, June 2000.




EPTD DISCUSSION PAPERS

62

63

64

65

66

67

68

69

70

71

72

73

74

The Effects of the U.S. Plant Variety Protection Act on Wheat Genetic Improvement, by
Julian M. Alston and Raymond J. Venner, May 2000.

Integrated Economic-Hydrologic Water Modeling at the Basin Scale: The Maipo River
Basin, by M. W. Rosegrant, C. Ringler, DC McKinney, X. Cai, A. Keller, and G.
Donoso, May 2000.

Irrigation and Water Resources in Latin America and he Caribbean: Challenges and
Strategies, by Claudia Ringler, Mark W. Rosegrant, and Michael S. Paisner, June 2000.

The Role of Trees for Sustainable Management of Less-favored Lands: The Case of
Eucalyptus in Ethiopia, by Pamela Jagger & John Pender, June 2000.

Growth and Poverty in Rural China: The Role of Public Investments, by Shenggen Fan,
Linxiu Zhang, and Xiaobo Zhang, June 2000.

Small-Scale Farms in the Western Brazilian Amazon: Can They Benefit from Carbon
Trade? by Chantal Carpentier, Steve Vosti, and Julie Witcover, September 2000.

An Evaluation of Dryland Watershed Development Projects in India, by John Kerr,
Ganesh Pangare, Vasudha Lokur Pangare, and P.J. George, October 2000.

Consumption Effects of Genetic Modification: What If Consumers Are Right? by
Konstantinos Giannakas and Murray Fulton, November 2000.

South-North Trade, Intellectual Property Jurisdictions, and Freedom to Operate in
Agricultural Research on Staple Crops, by Eran Binenbaum, Carol Nottenburg, Philip
G. Pardey, Brian D. Wright, and Patricia Zambrano, December 2000.

Public Investment and Regional Inequality in Rural China, by Xiaobo Zhang and
Shenggen Fan, December 2000.

Does Efficient Water Management Matter? Physical and Economic Efficiency of Water
Use in the River Basin, by Ximing Cai, Claudia Ringler, and Mark W. Rosegrant, March
2001.

Monitoring Systems for Managing Natural Resources: Economics, Indicators and
Environmental Externalities in a Costa Rican Watershed, by Peter Hazell, Ujjayant
Chakravorty, John Dixon, and Rafael Celis, March 2001.

Does Quanxi Matter to NonFarm Employment? by Xiaobo Zhang and Guo Li, June 2001.




EPTD DISCUSSION PAPERS

75

76

71

78

79

80

81

82

83

84

85

86

The Effect of Environmental Variability on Livestock and Land-Use Management: The
Borana Plateau, Southern Ethiopia, by Nancy McCarthy, Abdul Kamara, and Michael
Kirk, June 2001.

Market Imperfections and Land Productivity in the Ethiopian Highlands, by Stein
Holden, Bekele Shiferaw, and John Pender, August 2001.

Strategies for Sustainable Agricultural Development in the Ethiopian Highlands, by John
Pender, Berhanu Gebremedhin, Samuel Benin, and Simeon Ehui, August 2001.

Managing Droughts in the Low-Rainfall Areas of the Middle East and North Africa:
Policy Issues, by Peter Hazell, Peter Oram, Nabil Chaherli, September 2001.

Accessing Other People’s Technology: Do Non-Profit Agencies Need It? How To Obtain
It, by Carol Nottenburg, Philip G. Pardey, and Brian D. Wright, September 2001.

The Economics of Intellectual Property Rights Under Imperfect Enforcement:
Developing Countries, Biotechnology, and the TRIPS Agreement, by Konstantinos
Giannakas, September 2001.

Land Lease Markets and Agricultural Efficiency.: Theory and Evidence from Ethiopia, by
John Pender and Marcel Fafchamps, October 2001.

The Demand for Crop Genetic Resources: International Use of the U.S. National Plant
Germplasm System, by M. Smale, K. Day-Rubenstein, A. Zohrabian, and T. Hodgkin,
October 2001.

How Agricultural Research Affects Urban Poverty in Developing Countries: The Case of
China, by Shenggen Fan, Cheng Fang, and Xiaobo Zhang, October 2001.

How Productive is Infrastructure? New Approach and Evidence From Rural India, by
Xiaobo Zhang and Shenggen Fan, October 2001.

Development Pathways and Land Management in Uganda: Causes and Implications, by
John Pender, Pamela Jagger, Ephraim Nkonya, and Dick Sserunkuuma, December 2001.

Sustainability Analysis for Irrigation Water Management: Concepts, Methodology, and
Application to the Aral Sea Region, by Ximing Cai, Daene C. McKinney, and Mark W.
Rosegrant, December 2001.




EPTD DISCUSSION PAPERS

87

88

89

90

91

92

93

94

95

96

97

98

99

The Payoffs to Agricultural Biotechnology: An Assessment of the Evidence, by Michele
C. Marra, Philip G. Pardey, and Julian M. Alston, January 2002.

Economics of Patenting a Research Tool, by Bonwoo Koo and Brian D. Wright, January
2002.

Assessing the Impact of Agricultural Research On Poverty Using the Sustainable
Livelihoods Framework, by Michelle Adato and Ruth Meinzen-Dick, March 2002.

The Role of Rainfed Agriculture in the Future of Global Food Production, by Mark
Rosegrant, Ximing Cai, Sarah Cline, and Naoko Nakagawa, March 2002.

Why TVEs Have Contributed to Interregional Imbalances in China, by Junichi Ito, March
2002.

Strategies for Stimulating Poverty Alleviating Growth in the Rural Nonfarm Economy in
Developing Countries, by Steven Haggblade, Peter Hazell, and Thomas Reardon, July
2002.

Local Governance and Public Goods Provisions in Rural China, by Xiaobo Zhang,
Shenggen Fan, Linxiu Zhang, and Jikun Huang, July 2002.

Agricultural Research and Urban Poverty in India, by Shenggen Fan, September 2002.

Assessing and Attributing the Benefits from Varietal Improvement Research: Evidence
from Embrapa, Brazil, by Philip G. Pardey, Julian M. Alston, Connie Chan-Kang,
Eduardo C. Magalhaes, and Stephen A. Vosti, August 2002.

India’s Plant Variety and Farmers’ Rights Legislation: Potential Impact on Stakeholders
Access to Genetic Resources, by Anitha Ramanna, January 2003.

Maize in Eastern and Southern Africa: Seeds of Success in Retrospect, by Melinda
Smale and Thom Jayne, January 2003.

Alternative Growth Scenarios for Ugandan Coffee to 2020, by Liangzhi You and Simon
Bolwig, February 2003.

Public Spending in Developing Countries: Trends, Determination, and Impact, by
Shenggen Fan and Neetha Rao, March 2003.




EPTD DISCUSSION PAPERS

100

101

102

103

104

105

106

107

108

109

110

The Economics of Generating and Maintaining Plant Variety Rights in China, by
Bonwoo Koo, Philip G. Pardey, Keming Qian, and Yi Zhang, February 2003.

Impacts of Programs and Organizations on the Adoption of Sustainable Land
Management Technologies in Uganda, Pamela Jagger and John Pender, March 2003.

Productivity and Land Enhancing Technologies in Northern Ethiopia: Health, Public
Investments, and Sequential Adoption, Lire Ersado, Gregory Amacher, and Jeffrey
Alwang, April 2003.

Animal Health and the Role of Communities: An Example of Trypanasomosis Control
Options in Uganda, by Nancy McCarthy, John McDermott, and Paul Coleman, May
2003.

Determinantes de Estrategias Comunitarias de Subsistencia y el uso de Practicas
Conservacionistas de Produccion Agricola en las Zonas de Ladera en Honduras, Hans
G.P. Jansen, Angel Rodriguez, Amy Damon, y John Pender, Juno 2003.

Determinants of Cereal Diversity in Communities and on Household Farms of the
Northern Ethiopian Highlands, by Samuel Benin, Berhanu Gebremedhin, Melinda
Smale, John Pender, and Simeon Ehui, June 2003.

Demand for Rainfall-Based Index Insurance: A Case Study from Morocco, by Nancy
McCarthy, July 2003.

Woodlot Devolution in Northern Ethiopia: Opportunities for Empowerment, Smallholder
Income Diversification, and Sustainable Land Management, by Pamela Jagger, John
Pender, and Berhanu Gebremedhin, September 2003.

Conservation Farming in Zambia, by Steven Haggblade, October 2003.

National and International Agricultural Research and Rural Poverty: The Case of Rice
Research in India and China, by Shenggen Fan, Connie Chan-Kang, Keming Qian, and
K. Krishnaiah, September 2003.

Rice Research, Technological Progress, and Impacts on the Poor: The Bangladesh Case
(Summary Report), by Mahabub Hossain, David Lewis, Manik L. Bose, and Alamgir
Chowdhury, October 2003.




EPTD DISCUSSION PAPERS

111 Impacts of Agricultural Research on Poverty: Findings of an Integrated Economic and
Social Analysis, by Ruth Meinzen-Dick, Michelle Adato, Lawrence Haddad, and Peter
Hazell, October 2003.

112 An Integrated Economic and Social Analysis to Assess the Impact of Vegetable and
Fishpond Technologies on Poverty in Rural Bangladesh, by Kelly Hallman, David
Lewis, and Suraiya Begum, October 2003.

113 Public-Private Partnerships in Agricultural Research: An Analysis of Challenges Facing
Industry and the Consultative Group on International Agricultural Research, by David
J. Spielman and Klaus von Grebmer, January 2004.




EPTD DISCUSSION PAPERS




