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A review of selected case studies

1

Arnoud Budelman, ToonDefoer

Farmers all over the world want to be more productive and to be able to respond to
changes in the market, the climate and resources on their farms. In this respect African
formers are no different from their counterparts on other continents. In principle there
are robust technologies available for most of the biophysical constraints found in African
agriculture (and agriculture in general), and there are many examples of technologies that
have been extensively tested and have proved their worth in the field. They cover a range
of activities, from composting and using fertiliser on crops to preventing erosion,
producing improved manure, using animal traction, planting new crop varieties and trying
out agroforestry techniques.
However, over the past forty years efforts to transfer technologies in Sub-Saharan Africa
have had remarkably litde impact as they have not been widely adopted and have often
failed completely. This raises the question of whether there is a problem with agricultural
technology itself or with the way it is brought to farmers' attention. The authors of this
Resource Guide believe that these disappointing results are due to the way that farmers
have been involved in the development of technology rather than the technologyper se, as
there is no evidence to suggest that African farmers are not interested in increasing their
productivity.
Agricultural scientists and development workers involved in technology transfer often
seem unaware that newly introduced technologies usually need some kind of final
adjustment, and that they invariably have to befine-tunedand adapted to specific
agroecological, social and economic circumstances. Thisfine-tuningis a process that
requires the active participation of the farmers who will eventually use the new methods,
and if they are not directly involved in adapting them they are unlikely to start using 'off
the peg' technologies. The conventional approaches to transferring technology generally
fail to take account of the importance of farmers' experimentation and learning as part of
thisfine-tuningprocess.
As its name suggests, the methodology ofparticipatory learning and action research
(PLAR) proposed in this Resource Guide sees farmers' experimentation and learning as
the central point of interaction between farmers, agricultural scientists and extension
workers. The content of the experiments is determined by a collaborative analysis of the
farming situation carried out by farmers and outsiders, and is not a 'pre-packed
technology' imposed by outsiders. When the experiments are being planned and
developed, researchers and/or development workers may help the farmers decide which
options to try out and how to make the experiments more effective and efficient, but their
role is to advise and not to impose.
This part of the Resource Guide brings together several case studies that show the wide
variety of farming systems in the savannah and highland areas of Sub-Saharan Africa. They
may be used as a point of reference when analysing other farming systems, and are also
meant to show the reader how the PLAR approach can stimulate and facilitate change.
These case studies also chart the development and use of nutrient flow analysis (NFA),
which was developed to help scientists analyse the farming situation in more detail.
However, we would like to emphasise that NFA is a tool and not an end in itself, and that
2
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the point of doing nutrient flow analysis is to use the results to inform discussions with
farmers and to help them improve their situation.
Background to the case histories

All the case studies in this volume share some common ground, but because of their
different origins and institutional contexts they have different objectives and have
produced various types of information. Such diversity is an important element of this
second part of the Resource Guide.
The chapter on cotton farming in southern Mali relates to the oldest programme covered
in this section, where participatory action research was developed so that farmers'
participation in a long-standing farming system research programme could be more
productive.* Earlier studies that had shown that most of the cropping systems in southern
Mali are unbalanced in terms of nutrient input and extraction, and farmers in the area
reported constant problems maintaining soil fertility. However, there was also growing
evidence that their strategies for soil management had become increasingly diverse, and
that interventions in the area should exploit this diversity and involve a variety of
stakeholders.' The farming systems research team working in southern Mali rose to the
challenge, and in 1994 they started to test andfine-tunemost of the methodological field
tools that are now central to the PLAR process. This case study documents how farmers
have changed their soil fertility management practices over the lastfiveyears and how
these changes have affected nutrientflowsand balances.
The case study describing catena farming in Tanzania is based on work that dates back
almost as far as that on cotton farming in southern Mali and has a similar institutional
background. An internationally respected scientific work inspired the team to use
nutrient flow analysis (NFA) to improve their understanding of land use and the potential
for change. As there was no direct focus on changing soil fertility management, the team
saw NFA primarily as a way to perfect the FSR methodology already in place, and not as an
aid to planning action research with farmers, as it was in southern Mali.
At the end of 1995 both teams presented and discussed their experiences at a workshop
with very interesting results. The research team from Mali saw the possibilities of using
resource flow analysis to inform the participatory research on soil fertility management,
and also realised that the outcomes of PLAR could be used for nutrient flow analysis. For
their part, the Tanzanian team was inspired by the tools developed to facilitate farmers'
learning in Mali. These tools included farm classification as a practical approach to
analysing diversity, and resource flow mapping as a way of analysing farmers' current
practices and enabling them to plan improvements. This workshop was also the first time
that teams of African scientists had reported on the results of research conducted in
Ethiopia, Mali and Zimbabwe within the framework of the 'Dynamics of soil fertility'
project funded by the European Union. This programme was co-ordinated by the
International Institute of Environment and Development (IIED), the Institute of
Development Studies (IDS) and KIT, and had grown out of a desire to show that much of
the international debate then current about the increasing unsustainability of African
agriculture failed to take proper account of the existing diversity and dynamism of African
farming.
The 'Dynamics of soil fertility' project's objectives meant that a lot of emphasis was placed
on collecting data to demonstrate diversity and dynamics, and on trying to understand the
historical context of the farming systems under observation. However, participatory action
research with farmers was also being extensively promoted, and as a result of
4
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experimentation and learning farmers changed their soil fertility management practices.
Two cases from central Mali report on this, one on irrigated rice farming and one on millet
farming.
In the meantime there had been considerable developments in PIAR methodology in
southern Mali, which greatly influenced the participatory research approach adopted by
the team in central Mali. The cases from central Mali are not only informative about the
teams' contribution to developing the approach, but are also valuable because of the data
that were carefully collected over three consecutive years.
The case study about enset farming in the Ethiopian highlands is limited in the sense that
the results of the research had to form the basis of a PhD, and therefore had different
objectives from the others presented in this section. Each case study should be considered
in terms of its particular objectives, as well as the context in which it was completed. It
should be noted that data collected through action research are not usually considered
sufficiently solid for academic purposes.
The team's experience of conducting PLAR with farmers in southern Mali has become an
example for other teams, and the tools presented in the third part of Resource Guide have
been used in training sessions and adapted to a variety of circumstances. For example,
the Tanzanian team based in northern Sukumaland has been using PLAR tools since 1995,
and has recently inspired the farming system research team based in Arusha, northern
Tanzania, to collaborate with the local extension services on starting PLAR. The case study
on mixed farming in northern Tanzania reports on thefindingsof the diagnostic phase of
PLAR conducted in one village.
9
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The chapter on mixed farming in the highlands of western Kenya originated from
collaborative work done by ICRAF (International Council for Research on Agro-Forestry),
KEFRI (Kenyan Forestry Research Institute), KARI (Kenyan Agricultural Research Institute)
and KIT (Royal Tropical Institute, Amsterdam). The KIT staff's previous experience with
PLAR encouraged the Kenyan researchers and extension staff to rethink the way they were
helping farmers to improve their soil fertility management. This case study documents
how the farmers and the team planned experiments, and describes their experiences
trying out new techniques and management practices to improve soil fertility.
The cases from Benin also developed out of experiences in southern Mali, this time as a
result of sharing information. The studies of western Kenya and Benin specifically
document farmers' experimentation, learning and changes in soilfertilitymanagement
practices. These case studies also consider the implications of extending PLAR beyond the
village boundaries and how the process can be sustained.
11
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A detailed look at the case studies' histories will reveal a number of important points about
institutional development. Thefirstpoint is that while PLAR is essentially meant to be a
strategy for agricultural extension, almost all thefieldworkreported in these cases began in
the context of national agricultural research carried out with varying degrees of assistance
from international research centres. The extension services did participate in most of these
programmes, but often only in a subsidiary role. Secondly, although PLAR and resource
flow analysis can be justified in a research setting, the average national agricultural research
service (NARS) only has limited opportunities to facilitate change with farmers. And thirdly,
although data collection in a participatory mode is genuine and generally fairly successful,
most institutions balk at making a commitment to compromise on data collection, analysis
and approaches in order to respect farmers' ideas and interests.
13
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Participatory rural appraisal (PRA) tools are becoming increasingly popular, even with the
NARS, but they are generally used as all-purpose methods with no consideration for the
specificity of the subject and the circumstances of the study. As the outcomes of such
exercises are frequently general statements of common knowledge rather than the basis of
action with farmers, researchers often return to their preconceived research agendas and
go back to using more conventional research methods. In some cases the agricultural
scientists' inability or unwillingness to participate in the process of change has been so
obvious that the farmers have become aware of it. This is partly due to the dominant
institutional culture of most NARS, and some researchers' reluctance to explore and
develop new methodologies. It seems that many of them prefer to continue with the
conventional methods of enquiry rather than rise to the challenge of change. We have
often noticed that individual scientists are uncomfortable about taking part in exchanges
where stakeholders clearly express their demands and question the role and inputs of
partners.
One of the most important points to be drawn from all our experience is that PLAR cannot
proceed without the full engagement of a lively and committed extension service.
Agricultural scientists can play a supportive role in the process, but they are generally not
equipped to take the lead. However, researchers do have the potential to play an
important role in identifying new options for farmers' experiments and in assessing the
impact of PLAR. It is quite a challenge to judge whether PLAR has changed the
experimental capacity of farmers, whether soil fertility management has changed, and
whether this can be shown in terms of changing nutrient flows and balances.
Diversity among the case studies

The case studies presented in this section illustrate the diversity of African farming
systems, which is most notably expressed in terms of 1) the history of the landscape, 2)
climatic conditions and 3) endowment of farm resources. One of the consequences of this
diversity is that management practices and soil resources develop quite differently, '' both
within and between systems.
The prevailing diversity also means that soil fertility problems cannot be defined in
universal terms, and it is therefore pointless to count on standard solutions and methods
to maintain or improve farming systems. While a specific agricultural technology may
have been successful in making labour more productive in one farming system, this is no
guarantee that it will succeed elsewhere.
When it comes to interventions, each farming system requires its own analysis and
adapted set of options to improve agricultural productivity. Agricultural science does have
a role to play in this analysis, and could usefully contribute by evaluating the history of the
farming system, past interventions, etc. We are lucky in that we do not have to reinvent the
wheel, as there is extensive documentation on most farming systems in Africa, which often
includes excellent analytical work and assessments of both failed and successful
interventions. This information should enable us to thoroughly assess the situation,
determine whether interventions have the potential to be effective, and to promote wellfounded solutions.
1

15

16
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In Part 1 of the Resource Guide we proposed that land users deal with problems of soil
fertility management through joint analysis, experimentation and learning. They can
combine their own knowledge and experiences with relevant outside information to
develop locally sustainable solutions appropriate to their various needs and possibilities.
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The case studies in this section have been selected to present practical examples of how to
support farmers' learning, and to illustrate the diversity of African farming situations,
taking the reader through the PLAR experience and illustrating the development and use
of nutrient flow analysis.
Table 1 shows a number of characteristics that highlight the relative differences between
the particular case studies presented here. More than half of the studies relate to lowland
areas (< 1,000 m above sea level), where it is much more difficult to build up soil fertility
stocks by increasing the soil's organic matter content than it is in the highlands. In the
highlands many farmers have created and maintained high levels of soil fertility by
systematically adding all kinds of organic matter to the soil. This procedure is less likely to
succeed in the lowlands as biomass production is generally lower and the average
temperature too high to allow a significant build-up of organic matter. When biomass is
only produced in limited quantities it becomes increasingly important to use other
sources of fertility.
Only two systems discussed in this volume grow perennial crops that guarantee a degree
of soil cover throughout the year - the enset-based farming system in Ethiopia and the
mixed farming system in southern Benin, where oil palm is important as both crop and
fallow. The soils in all the other farming systems are left bare for part of the year and are
therefore more susceptible to wind or water erosion.
The security of water supplies for crops is another variable factor. One case study refers to
irrigated crops grown in conditions where water is almost always available, while the
other farming systems have to depend on rainfall, which varies in terms of amount and
reliability. The low agricultural potential of the millet farming system in central Mali is
largely due to the highly variable moisture content of the soil which is caused by low and
unreliable rainfall. The rainfall is less erratic further south in Mali and in northern Benin,
enabling farmers to grow cotton and to cultivate more intensively, using fertiliser to do so.
Table 1
Contrasting characteristics of the case studies
Characteristic
Elevation from sea level
Degree of biomass production and soil cover
Degree of certainty about availability of water
Productive potential of the land
Labour productivity
Use of mineral fertilisers
Commercialisation of crop(s)
Intensification of crop production
Population density (> 100 persons per sq. km
is considered high)
Percentage of farmers in the system that are
seriously deprived of essential resources
a.figuresrefer to Chapter numbers: 1 = Enset farming in Bhiopia;

Relatively low"
3,4,7a,7b,8
2,3,4,5 7b,8
l,2 4,5,6,7a,7b,8
2,3,4,5,70,70,8
1,2,4,5,6,70,7b
1,2,4,5,6
1,2,4,5,6,7a
2,4,5,7b
4,7b,8

Relatively high
1,2,5,6
1,6,7a
3
1,6
3,8
3,7a,7b,8
3,7b,8
1,3,6,7a,8
1,2,3,5,6,7a

3,4,5,6,7b,8

1,2,7a

(

(

2 — Catena farming in northern Sukumaland,

3 = Irrigated rice farming in central Mali; 4 = Millet farming in central Mali; 5 = Mixed farming in northern

Tanzania;

Tanzania;

6 = Mixed farming in western Kenya; 7a — Mixed farming in southern Benin; 7b = Cotton farming in northern Benin;
8 = Cotton farming in southern Mali
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The farming systems in the tropical highlands in Ethiopia, western Kenya and northern
Tanzania are also dependent on rainfall, although in these cases the rainfall patterns are
bimodal, so the rainfall is better distributed over the year. However, there are considerable
spatial and temporal variations (which may result in periods of drought) as the total
rainfall in northern Tanzania is less than half that in western Kenya.
These case studies cover a wide variety of soil types within (e.g. northern Sukumaland)
and between sites, from very poor sandy soils to heavy, nutrient rich clays. The rainfall and
soil nutrient stocks determine how much biomass and soil cover is produced throughout
the year, and therefore shape agricultural productivity.
It is more difficult to compare the productivity of labour, particularly when a significant
proportion of the farming family's income comes from off-farm activities. However, the
case from central Mali shows rice productionfiguresamounting to 2.2 ton of high quality
grain per able-bodied farmhand, while labour productivity in the highlands of Ethiopia
and in northern Sukumaland in Tanzania is considerably lower.
There are two examples of successful commercial farming by small-scale farmers, both
from Mali: irrigated rice farming and cotton farming. Part of their success is due to a
suitable climate, a functioning infrastructure, enabling policies and favourable prices.
These farmers need to use mineral fertilisers to keep yields at economically interesting
levels. However, even when fertilisers are applied in relatively large quantities the farming
systems still make extensive use of land resources. The rainfall-based cotton farming
system is less intensive than irrigated rice farming, mainly because land is still relatively
freely available in most parts of southern Mali. As the rice growers only have limited land
at their disposal they have to farm it more intensively, and many farmers use the same
fields for off-season vegetable production for the market.
The chapters on Ethiopia and western Kenya demonstrate that land can also be used very
intensively with only minimal or even no external inputs. This may be largely determined
by whether or not farmers grow marketable crops, as they are unlikely to invest in mineral
fertilisers if there is nofinancialreturn on the crop. Despite small farms and a similarly
high population density, land is used much less intensively in northern Sukumaland,
Tanzania, partly because the poor sandy soils and unreliable rainfall simply do not
encourage intensive cultivation.
It is difficult to make meaningful comparisons about the population density of the various
systems because the point at which it becomes critical varies according to each situation.
When the soils are as fragile as they are in the millet farming system in central Mali, even
20 people per km may be too many to continue cultivating crops in a sustainable manner.
The farming systems in Ethiopia and northern Sukumaland are typical of situations where
farms are generally so small that they barely provide a living, and farmers have to rely
increasingly on off-farm activities to make ends meet.
The last characteristic listed in Table 1 relates to unequal access to farming resources.
Although each case describes considerable differences between farms in the system under
observation, the enset-based farming system in the highlands of Ethiopia is a typical
example of a situation where a large group of farmers have little or no agricultural
resources left. According to their own criteria for wealth (ownership of draught oxen and
cattle), 80% of the farmers are considered poor as they have practically no animals.
Looking at them in terms of available land and marketable crops, we can compare the
capacity of the farming systems to sustain and improve production. Some of the systems
produce highly marketable crops (rice in central Mali and cotton in southern Mali and
northern Benin) and/or have ample land available (the millet system in central Mali).
These systems obviously have the potential to increase production and should be
18

19

2
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sustainable, provided that there are no major changes in the systems or climate. However,
some of the other systems have little or no market for their produce and/or litde available
land. The enset-based farming system in Ethiopia and the catena farming system in
Tanzania seem to have entered a state of 'involution' (where farms are very small, off-farm
employment is low, andfinancialinvestment in agriculture unlikely) rather than evolution,
where they increase agricultural output and consequendy improve living conditions.
Although yields could be improved from an agronomic point of view, most farmers cannot
or will not invest in expensive mineral fertilisers, and the poorly developed markets for
products and credit facilities are a further disincentive to invest in agriculture.
The important point is that these situations present a number of challenges. The range of
options for improving agricultural productivity is seriously limited, and a PLAR restricted
to agricultural matters may completely fail to address people's main concerns. Such
situations require a broad view of regional development, and from this perspective it may
be better to provide access to markets for labour and products than to set up a project
trying to sell mineral fertiliser to farmers.
20

21

Table 2 uses nutrient flow analysis (explained in detail in Part 1 of the Resource Guide) to
further analyse the differences between the farming systems. We have taken the amount of
nitrogen seasonally mobilised on an average farm as the criterion for judging how farmers
use their resources. The nutrient acts as a common currency, so that we can add kilograms
of grain to kilograms of urea, and'subsequendy compare different systems. We have taken
the crop production system as part of the farm system as our unit of analysis.
The total in column two of Table 2 represents the nitrogen applied in the form of organic
and mineral fertilisers (column three), added to the amount of nitrogen found in the
Table 2
Approximate amount of nitrogen mobilised on a n average farm
within the crop production systems presented in the case studies
Crop production system"

Millet farming in central Mali
Irrigated rice farming in central Mali
Cotton farming in southern Mali
Mixed farming in northern Tanzania
Mixed farming in western Kenya
Catena farming in northern
Sukumaland, Tanzania
Enset-based farming in Ethiopia

Total N
mobilised
(kg/farm)
945
939
823
164
104
68
45

a. For millet farming and irrigated rice farming the crop production

N input
(kg/farm)
60
531
382
36
28
10
17

N output Farm
(kg/farm) size
(ha)
26.0
885
4.6
408
9.0
440
1.4
128
76
1
58
2.2
28

N
mobilised
(kg/ha)
36
204
91
91
104
31

0.75

systems only include the millet and rice crops

60
respectively.

These crops dominate. For cotton, crops grown in rotation such as sorghum and millet have been included in the estimates of
mobilised

nitrogen. Data sets: Irrigated rice farming in central Mali: 20 farms, data from 3 seasons; millet farming in central

Mali: 12 farms, data from 2 seasons; cotton farming in southern Mali: 20 farms, data from 1 season; mixed farming in
northern Tanzania: 60 farms, data from 1 season; mixed farming in western Kenya: 2 farms, data from 1 season; catena
farming in northern Sukumaland, Tanzania: 40 farms, yield data from various sources; Enset-based

farming in Ethiopia:

4 farms, data from 1 year of observation
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outputs of the crop production system (column four). Column four includes crop
produce (grain, fibre, etc.) and the N found in crop residues, including those left in the
field after harvest. We can learn about the size and intensity of the farm operation from the
volume of nitrogen mobilised within the crop production system.
In absolute terms the total nitrogen turnover per farm in the enset-based farming system
in Ethiopia and catena farming in Tanzania is low compared with the other systems. The
millet, rice and cotton growers in Mali manage to mobilise about fifteen times as much
nitrogen as their Ethiopian and Tanzanian colleagues. The millet farmers in central Mali
have relatively large farms with high N outputs, only about 10% of which is covered by the
N inputs. The large amounts of N mobilised on the cotton farms in southern Mali can be
explained by the fact that cotton is a cash crop, so farmers apply a lot of fertilisers to
obtain satisfactory yields. However, cotton is only grown once every two or three years on
the same field, and much less fertiliser is applied to the cereals grown in rotation with
cotton.
Table 2 also illustrates the different degrees of intensity with which land is exploited. In
absolute terms the millet farmers mobilise the same total amount of nitrogen as the rice
growers. However, because they farm extensively the millet farmers mobilise less nitrogen
per hectare than almost all the other farmers, and six times less than the rice growers.
Irrigated rice farming is the only system where the N input exceeds the N output. Farmers
growing cotton in southern Mali and those involved in mixed farming in northern
Tanzania and the highlands of western Kenya perform equally well in the amount of
nitrogen they mobilise per hectare, and do better than their colleagues in the highlands of
Ethiopia and northern Sukumaland.
Diversity within farming systems

There is further diversity within each of the farming systems described in the case studies,
including differences in access to productive resources. One of the central assumptions of
the Resource Guide is that these variations lead to differences in the way that farmers
manage their resources, and that they also mean that farmers will probably require
different options to make their farms more productive.
Three methodological tools have been developed through PLAR to enable participants to
come to grips with diversity in the analytical phase of the process. They are 1) analysis of
how the landscape is used; 2) analysis of soil fertility management strategies, as a prelude
to farm classification; and 3) analysis of farmers' organisations and information networks.
Table 3 shows how these tools were used in each case study.
The diversity of the landscape was analysed in all the case studies. This was mostly done
by groups of farmers who were divided up according to gender and/or age and asked to
draw a map of the community territory. This gave them a quick impression of the diversity
of soil types found within the territory, and they reported that land use and management
practices generally vary according to the major soil types and farmers' perceptions of their
potential and constraints. In the case studies from western Kenya and southern Mali the
farms andfieldswere also marked on the territory map, showing where people farm and
indicating the relative size of the farms. In some cases the territory transect walk was used
as the tool to analyse how the landscape is used, and revealedfindingssimilar to those
from the community territory map.
All the case studies except the one from northern Sukumaland analysed the farmers' soil
fertility management strategies and classified farmers according to their criteria for
16
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Table 3
Types of diversify analysis used in the different case studies
Crop production system

Analysis of
how the
landscape
is used

Enset-based farming in Ethiopia
Catena farming in northern
Sukumaland, Tanzania
Irrigated rice farming in central Mali
Millet farming in central Mali
Mixed farming in northern Tanzania
Mixed farming in western Kenya
Cases from Benin
Cotton farming in southern Mali

Analysis of

Analysis of
farmers'
organisations.
networks and
kinship

management
strategies and
farm
classification

•
•

•

-

-

•

•

•

•

•

•

•
•

•
•

•

•

-

-•
-

-

Table 4
Farmers' criteria for appropriate soil fertility management practices a n d
the underlying factors that enable farmers to implement them
Farmers' criteria
Soil fertility management practices considered appropriate
Production and use of organic fertiliser
Crop rotation
Recycling crop residues
Soil conservation
Use of mineral fertilisers
Leaving land under fallow
Underlying factors
Active household members
Number of animals, particularly cattle
Transport facilities
Courage or drive to work
Information and knowledge

Mentioned in cose study number"
3,4,6,7a,7b,8
4,6,7a,7b,8
3,4,7a,8
6,7a,7b,8
3,7a,7b,8
4 7a,7b
t

3,4,6,7a,7b,8
3,4,6,7b,8
3,4,7a,7b,8
3,4,6,8
6,70,8

a.figuresrefer to Chapter numbers: 3 = Irrigated rice farming in central Mali; 4 = Millet farming in central Mali; 6 = Mixed

farming in western Kenya, 7a = Mixed farming in southern Benin; 7b = Cotton farming in northern Benin; 8 = Cotton
farming in southern

Mali

appropriate soil fertility management. This was generally done by groups of farmers split
up according to gender and age, who began the process by identifying criteria for
appropriate soilfertilitymanagement and the factors underlying proper management.
Table 4 compares the cases in terras of farmers' perceptions of proper soil fertility
management. Despite their relative differences, the farmers have remarkably similar views
A REVIEW OP S E L E C T E D C A S E

STUDIES

17

on which practices constitute good soil fertility management, and all of them believed it is
good farming practice to produce and use organic fertiliser. The three case studies from
Mali show the importance farmers attach to recycling crop residues and rotating crops,
although most of the rice growers in central Mali grow rice continuously or alternate it
with vegetables. However, the only farmers able to leave land under fallow were those
growing millet extensively in central Mali and their colleagues in Benin, who did it on a
smaller scale. It was simply not a practical option elsewhere.
Groups of farmers identified the factors that enable them to implement appropriate soil
fertility management practices (Table 4). All of them mentioned the number of active
household members. It seems that in large households (such as those in Mali) the head of
the household's capacity to manage the labour force efficiendy is direcuy related to his/her
courage. Most of the farmers saw access to productive resources such as cattle and the
means to transport crop residues and organic fertilisers as the most critical factors
affecting appropriate soil fertility management. The farmers from western Kenya, whose
fields are relatively close to homestead and kraal, were the only ones who did not mention
means of transport as an important factor.
After listing their criteria for appropriate soil fertility management, the farmers classified
each farm according to how these practices were implemented. In most of the case studies
they distinguished three classes: 'the most capable managers', 'the least capable
managers', and an intermediate class. The outcome of the classification process shows a
strong correlation with thefiguresquantifying the factors identified as facilitating
appropriate soil fertility management. Table 5 shows that the farmers' perception of
appropriate soil fertility management invariably ties in with farms having more cattle,
more active members, more carts and larger land holdings.
However, it would be wrong to take the information in Table 5 as proof that the capacity
to manage soils is merely a function of the distribution of productive resources. The
Table 5
Underlying factors facilitating appropriate soil fertility
management for each class of farmer
Mixed farming
in western Kenya

Case studies

Cotton farming Rice farming
in southern Mali in central Mali

Miilet farming
in central Mali

Farmer classes"

Most

Least

Most

Least

Most

Least

Most

Least

capable

capable

capable

capable

capable

capable

capable

capable

managers managers managers
(n=8)

Factors:
No. of active adults
No. of head of cattle
No. of carts for transport
Area cultivated (ha)
a. 'Most capable

individual

9.3
14.6
1.2
10.7

(n=10)

4.2
3.4
0.8
6.8

managers' and 'least capable

managers managers

(n=8)

(n- 5)

17.0
8.0
1.2
6.2

6.0
0.7
0.4
1.8

17.3
39
1.5
38.4

managers managers managers
(n=4)

(n=8)

5.3
1.5
1.0
12.7

2.7
3.0
0.0
1.1

(n=80)

2.1
0.9
0.0
0.5

managers' were identified as such by groups of farmers who analysed

farmers' practices using agreed criteria for what constitutes appropriate

farmers did not mention the amount of land cultivated as a factor determining
added it as a criterion because it clearly correlates with the farmers'
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(n=4)

soil fertility management. Although the

appropriate

soil fertility management, we

classification.
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figures in this Table are averages. If a single criterion was used to judge a single farm,
some of the 'least capable' soil fertility managers could achieve higher scores on certain
factors than the 'most capable' managers' average scores.
This is not particularly surprising as farmers use a wide range of partly implicit criteria to
judge whether or not someone is a capable manager. The availability of resources certainly
willfigurein their assessment, but so will less tangible qualities such as knowledge and
experience. Moreover, when the classification is done by a group its members may
disagree about certain judgements that are passed, but these differences of opinion are
subsequently levelled out in the final classification. This exercise involves judgement,
negotiation and compromise. Some of the group may disagree with the 'cumulative truth'
of the final judgement, and it is also possible that the group may give a farmer a low
ranking for reasons that have nothing to do with his or her skill as a soilfertilitymanager.
However, the results of the farm classification have proved their worth as a sound starting
point for planning activities appropriate to the farmers' current ability to manage soil
fertility. From the PLAR standpoint it is not really important whether the participating
scientists think that the farmers' classification is scientifically satisfactory.
As we followed and supported PLAR activities in various sites it became clear that farmers'
organisations, kinship ties, and the informal networks used to spread knowledge are
important factors in the overall process. Only a limited number of farmers can direcdy
participate in planning, testing and evaluating options to improve the productivity of their
farms, and knowing their position in the local networks can enable us to make PLAR more
effective as an extension strategy. The case study from western Kenya reports on the
outcomes of an analysis of kinship and village organisations.
In most of the case studies selected farmers participated in detailed analyses of their soil
fertility management practices, and (with the exception of northern Sukumaland) farmers
from each class drew a resource flow map (RFM). Maps drawn by farmers have proved to
be a quick and effective tool for diagnosing the way farmers manage soil fertility and for
identifying potential improvements. The RFMs also form the basis for data collection for
the nutrient flow analysis (NFA).
The three case studies from Mali and the one from western Kenya reported how farmers
used farm mapping techniques to plan activities and experiments designed to improve
their use of resources, and then to evaluate changes in soil fertility management. The
farmers said that they found this tool motivated them to implement activities, and that it
was useful for prioritising improvements and recording changes. The RFMs, the planning
maps, and the maps of implemented activities all provide the information and data
required for nutrient flow analysis.
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From PLAR to NFA

Because the data used for NFA are based on maps drawn by farmers they will not always
be precise and will vary in their precision. It is not too difficult to be accurate about the
amount of nutrients added to afieldin a known quantity of mineralfertiliser,but it is
harder to assess how milch grain is produced in that field. There are several reasons for
this. Some of the grain is lost during threshing, and as estimates for straw production are
based on thefiguresfor grain yields they will probably be too low. It is even harder to be
accurate about manure, not only when estimating the amount transported to the fields,
but also when calculating its nutrient content. This varies gready according to the animals
that produced it, what they have been fed, the way the kraal is managed, whether crop
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residues are added as bedding, the age of the material, and how long the manure has
been exposed to the elements.
Since the farm maps only record flows that are observed by the farmers and do not
include losses through leaching or nitrogen volatilisation, it is only possible to calculate
partial balances for the nutrient inputs and outputs at field or farm level. However, we
can still learn a great deal from comparing and evaluating partial balances. Over time
partial nutrient balances can be calculated for the various farm classes by combining the
results of the farm classification and data derived from the farm maps with data from
published sources on nutrient content. The information provided by partial nutrient
balances can then be used to adapt the recommended doses of nutrients to specific
situations, and to combine mineral and organic sources to produce better balanced
fertilisers.
24

Table 6 shows a compilation of data from four crop production systems investigated in
Mali, and presents the average partial nutrient balances for the 'most capable' and 'least
capable' soil fertility managers. The unit of analysis for these partial balances is the crop
production system as a sub-system of the farm system.
The cropping systems in Table 6 represent the range of situations that may be revealed by
nutrient balance studies. The farmers who grow irrigated rice keep more or less to the
recommended dosage for nitrogen and phosphorus application, and the partial N and P
balances in this system are therefore generally positive. However, the potassium balance
is significandy affected by the fact that litde manure is used in rice cultivation and
enormous quantities of straw are removed after the harvest by passing animals.
The K balance is less negative in the cotton farming system as farmers here use better
balanced compound fertilisers and more manure than their rice-growing counterparts.
The situation in the outfields of the millet-based farming system is very different. As these
fields receive hardly any inputs because of their distance from the homestead, their soil
nutrient stocks are severely depleted. Some organic manure is used on the home fields,
which consequendy show fewer negative balances.
For the moment farmers can get away with using the outfields in this way because there is
still plenty of land available. The large amounts of nutrients extracted through crops
25

Table 6
Partial nutrient balances for selected crop production systems in Mall,
as a function of farm class (kg/ha)

Crop production system
Irrigated rice farming in central Mali
Cotton farming in southern Mali
Millet farming in central Mali
- home field
- outfield

Class of 'most capable'
soil fertility managers
N
P
K
-89°
+27
+7
-18
-1
-25

Class of 'least capable'
soil fertility managers
N
P
K
+8
-87
+37
+4
-8
+9

-18
-40

-14
-31

a. Figures in bold represent extraction rates that are considered

-3
-6
basically

-29
-55
unsustainable.

per hectare > than 20 kg for N and K, and > 3 kg for P. For rice farming n-8
n=5 farms, and for millet farming n=4 and n=4 farms
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-2
-4

The criterion used is yearly

-22
-40
extraction

and n=5 farms, for cotton growing n=S and

respectively.
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Table 7
Nutrient flows a n d partial balances of two farms in western Kenya
Level

Type of flow"

Crop
production
system
(CPS)
Animal
production
system
(APS)
Household
system
(HHS)
CPS-HHS

/Nop.
OUTv*

/Naps
OUTcps

OUTw»

Type of resource

'Most capable'
'Least capable'
soil fertility
soil fertility
manager
manager
N
P
K
N
P
K
Nutrients displaced
Nutrients displaced
(kg)
(kg)
0
Purchased mineral fertiliser (DAP)
21.0
0
4.5 5.3
18.0
0.7
6.2
0.5
1.0 0.1
Beans sold
3.9
0
0.1
Vegetables sold
0.9
0
0
0.9
0
Maize residues burned
9.2
0
0
0
0
0
1.6
2.1
0
0
Purchased cow feed
5.8
32.0
3.6
Grazing on common pastures
30.2
42.7 22.7 2.7
0.5
0
2.5
1.0
0
0
Milk sold
1.4
3.0
3.3
3.8 1.3
Dung left on pastures
9.0
0.7
0
0
3.1 0.6
Purchased maize
0
0
0
0 .
2.0
2.5
Maize stored and sold
10.9

2.7
/NTcps-hhs Maize stored
6.4
34.1
7.7 12.1 2.3
0.1
0.2
0.7
Beans consumed
2.1
1.0 0.1
7.5
0
Maize residues for fuel
0
4.3 0.5
0
0
/NTwu-cps Compost/household
1.4
5.5
0
4.8
0
refuse taken to field
0
0
CPS-APS
/NTcps^p, Napier grass grown for cow
41.8
4.3
54.5
0
5.1
Maize residues for cow
0.7
10.7
6.1
2.9 0.4
3.5
Bean residues for cow
1.8
14.1
5.5 0.5
21.8
4.3
7.8
3.5 1.3
/NTapj-cps Manure to fields
21.0
25.5
0.4
1.0
1.1 0.4
Dung left on fields
2.7
0.9
0
APS-HHS INTops-hhsMilk consumed
0.5
1.0
0
0
2.5
Partial farm balances:
INcps + INaps + <NM» - OUT** - OUT-* -OUTH*
+15.3 +20.0 +33.2+25.5+7.2+30.6
Partial CPS balances:
/H?» + /NTcps^ps + /NTu^q» - OUT** - INT**** - /NT^-H» - 7 5 . 7 + 1 6 . 1 - 6 1 . 0 - 1 7 . 7 + 3 . 1 - 1 5 . 5
(1.4 and 0.65 ha respectively)
Partial CPS balances per hectare (rounded figures)
-50 +11
-41 - 2 5 + 4 - 2 2
a. /NT: Internal Flow; a flow that remains within the farm system, e.g. /NT^w internal flow leaving the animal

production

system and entering the crop production system

standing and apparendy traditional systems such as millet farming in central Mali. We
should look at a system's overall development rather than taking snapshots and coming to
unwarranted conclusions about its fate. The danger is that such snapshots may be taken
out of context, wrongly assembled and subsequendy used to justify ambitious, cosdy and
conceptually simplistic soil recapitalisation programmes. If there is any need for soil
29

22

PART 2 CASE STUDIES

should be considered in view of the fact that these fields are generally cultivated for eight
to ten years and then left fallow for at least ten years. If we assume that there is a 20-year
cycle we can divide the extraction figures by a factor of two, and the resulting figures then
resemble those of the manured homefields,which are normally cropped continuously.
From the farmers' perspective this strategy for the outfields sub-system is actually
completely rational. Nutrients are still relatively abundant and freely available, and for the
moment it is cheaper to exploit these resources than it is to invest in producing organic
fertiliser or buying mineral fertilisers.
Comparing the partial balances of the two farm classes shows that on average the 'least
capable' farmers' performance is no worse than that of the 'most capable' farmers, and
that they actually obtain slighdy better balances despite the fact that they have less access
to manure. However, since the 'least capable' managers have significantly smaller farms
the absolute amounts of nutrients involved are also smaller. This kind of analysis can
provide the basis for useful discussions with farmers, enabling them to see things from a
new perspective and stimulating them to develop management practices that save
nutrients.
26

Table 7 looks at nutrient flows and balances within the farm system as unit of analysis,
including the crop production systems, the animal production system and the household
system as the three sub-systems. While the analysis is much more complex because more
flows are involved, it can produce revealing results that are of considerable interest to the
fanners. This Table compares two farms in western Kenya, one of which was classified as
belonging to a 'most capable' soil fertility manager and the other to a 'least capable' soil
fertility manager.
The partial nutrient balances at farm level are positive for both farms, but because of the
way the animal production systems are managed the nitrogen and potassium levels in the
crop production systems are significandy negative. The 'most capable' soil fertility
manager extracts large amounts of nutrients when producing Napier grass to feed his
stabled milk cow, and both farms are highly dependent on nutrients imported from the
commons. Both farmers could use this analysis as the basis for experimentation aimed at
using nutrients more efficiendy and redressing the nutrient balances.
The information in Tables 6 and 7 has a wider application than just supporting the PLAR
process. It shows that one should be careful about interpreting negative balances as
evidence that the farming system per se is unsustainable. In a number of cases negative
balances can be explained by the way farmers use their environment, but they do not
necessarily mean (as in the millet system) that the resource base is being degraded. There
are signs that farmers are starting to change their practices in order to maintain
production levels.
27

The intensively managed irrigated rice system in central Mali is an example of how
changes in practice can have far-reaching consequences for the nutrient balance. Table 6
shows that relatively large amounts of potassium were extracted from the system, mosdy
by passing cattle consuming huge quantities of crop residues. However, during the dry
seasons of 1997 and 1998 many farmers in this village started growing vegetables. Instead
of allowing the animals to graze the residues, they burned the rice straw and heavily
manured their high value crops. The downside of this development is that systematically
denying cattle access to an important source of roughage will seriously affect the
production and availability of manure in the region.
The important point here is that fanners' practices are far from static, even in long28
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Table 8
Evolution of potassium flows a n d partial balances for a farm in
southern Mali classified as belonging to a 'least capable' m a n a g e r
Level

Type
offlow

Type of resource

Potassium displaced
(kg/year)
1994 7995 7996 7997
42
58
Crop
/Ncps
Purchased mineral fertilisers
46
69
production
Dung/urine from non-farm grazing cattle
10
7
11
10
62
system (CPS) OUT«»
44
65
Cotton sold
56
0
1
0
Other produce sold
2
Crop residues burned
6
4
0
9
78
Crop residues grazed by non-farm cattle
79
79
47
Animal
/N«p>
6
2
Purchased cattle feed
8
3
production
Grazing on commons
128
55 112
128
44
34
system (APS)
Grazing crop residues on other fields
44
17
Dung/urine left by grazing on commons
8
16
19
19
5
Dung/urine left by grazing on other fields
7
7
3
14
/Nhhs
Grass from commons used to make compost
3
17
Household
0
3
system (HHS) OUT*** Produce sold
1
2
0
2
CPS-APS
INTcps-ops Crop residues grazed by own cattle
2
2
1
28
Crop residues used for bedding in kraal
37
38
0
0
Crop residues for feed
16
0
0
Dung/urine from grazing cattle (farmer's own
0
0
0
0
8
65
65
Manure applied to fields
10
/NTcpsJihs Crop used for compost/ash
124
46
CPS-HHS
17
14
24
12
21
Stored produce
19
33
(NTWcps Household waste applied to fields
40
22
40
0
63
Compost applied to fields
0
11
Partial farm balances:
/Ncps + /Nop + INhh, - OUTcp, - OUT«ps - OUTk,
77
19 59
93
Partial CPS balances:
-84
/Ncps + /NTopscps + /NTw>5<ps - OUTcps - /NTcps-ops - INTvs-hk
-125
-99 -16
-2
-17
-11
-12
Partial CPS balances per hectare
7.5
Area cultivated [hectare)
8
8.5
9
2
4
Number of cattle heads
5
5
0

a. Values are negligible
Note: their are no internal flows (INT) between APS and HHS

fertility recapitalisation it will be done by individual farmers reacting to market
opportunities, not through grandiose, inherendy top-down schemes. In fact,
recapitalisation takes place in many farming systems, such as the booming peri-urban
agricultural developments all over Sub-Saharan Africa.
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The case studyfromsouthern Mali shows that PLAR can have a significant impact on how
farmers manage soil fertility, and consequendy on nutrient flows and balances. Table 8
presents the evolution of the potassiumflowsand balances of a farmer who was
considered to be one of the 'least capable' soil fertility managers. This example shows that
in the course of PLAR the potassium balance of the crop production system moved
towards equilibrium. The internalflowsof potassium increased as the farmer recycled
large amounts of crop residues to produce more manure and compost, which improved
the partial K balance of the crop production system when they were applied to the fields,
resource flow mapping (RFM) and nutrient flow analysis (NFA) can be used to investigate
and explain the dynamics of farming. If they are used systematically these tools can help
farmersfind,out where the resources and nutrients needed for agricultural production
come from, their destination and what form they reach it in, and whether or not they can
be recycled. They can show farmers what is involved in mobilising nutrients in terms of
arranging transport, preparing the soil, and producing and managing manure efficientiy,
etc. In the wider context they can also reveal the links between various farm operations
and the village and its surroundings, its communally owned agricultural resources, and
markets for produce and inputs. Andfinally,NFA allows us to assess the differences
between farms and farm classes and to track changes in their management. In short,
resource flow mapping and nutrientflow analysis offer a comprehensiveframework for
analysingfarming systems and assessing their diversity and dynamics over time.
The cases presented in this part of the Resource Guide are intended to demonstrate that
analysing resource and nutrient flows is an effective way of deepening our understanding
of farming systems. In principle it does not require sophisticated equipment, as apart from
farm data, all that is needed for NFA is paper, a pencil and a pocket calculator.
30

Methodology on the move

This introduction shows how PLAR has gradually been developed to help farmers learn
about their farming systems, analyse their problems and identify solutions. Some of the
methodology evolved from questions that arose from our approach to working with
farming communities, and it is interesting to note how these case studies from different
countries and institutional settings are linked by shared experiences. We would not have
been able to write the Resource Guide without that common thread, or 'cross pollination'.
There are a number of conclusions to be drawn from the methodology's development.
One is the need to share experiences and insights with people outside the like-minded
group direcdy involved in PLAR. Although such a process may seem to call for a 'soft'
scientific approach, the 'hard' sciences obviously need to be involved as well, to cover
areas such as soils and crop husbandry. On their own, neither the 'soft' nor the 'hard'
sciences provide information that is appropriate to farmers' needs, but in combination
they can be very valuable. Improving the methodology of nutrient flow analysis will
require further involvement by soil scientists using the results of thematic research.
The second point is that the methodology presented in these case studies should not be
seen as afinishedproduct that can be used everywhere. It needs to be continuously
developed and adapted to specific situations. This kind of change is actually proof that the
methodology is being properly used and is engaged in the real world, and the material in
the case studies should be seen as a useful start for people who wish to become involved
in PLAR. Because we see the methodology as an 'unfinished product', the case studies are
presented so that the reader can see how it evolved. The first cases cover more formal
research in Ethiopia and northern Sukumaland and are followed by cases that gradually
51
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grew out of more action oriented approaches, where farmers were actively involved in
learning and trying out improvements.
Our final conclusion relates to the fact that some of the people who used the
methodology see it as complex and time consuming (and thus costiy). The case studies
from Benin, western Kenya and southern Mali call for the methodology to be adapted to
its users. However, anyone adapting the process should be clear about why they are doing
so. If the objective is to target agricultural technology more accurately by developing
farmers' typology that takes account of their social and economic diversity, then the
exercises on planning activities with farmers are not needed. However, although this
would shorten the process it would also deprive the farmers of the opportunity to learn
and innovate.
A methodology should not be rejected simply on the grounds that it is complex, as a good
methodology is appropriate to the subject for which it has been developed. The farming
systems described in this volume are all highly complex and therefore require a
methodology that reflects this fact.
Notes
1. See also: Toulmin C, Scoones I (1998) Dynamics of soilfertility management in savanna Africa. Final Report Research
funded by the European Commission's DCXU Science and Technology for Developing Countries (STD3)
Programme. London, UK: International Institute for Environment and Development/Brighton, UK: Institute of
Development Studies. Scoones I (ed.) (2000) Dynamics and diversity: soil management and farming livelihoods
in Africa. London, UKj Earthscan. Hilhorst T, Muchena FM (eds) (2000) Nutrients on the move. Soilfertility
dynamics in African farming systems. London, UK: 1IED.
2. None of the case studies in this section describe situations in lowland equatorial climates where rainfall is high
(2,000 mm annually or more), because the research programmes on which they are based concentrated on savanna
and highland farming systems. Unfortunately it seems that none of the research programmes in equatorial Africa
that we know of have adopted PLAR or carried out Nutrient Flow Analysis.
3. The Farming Systems Research team in southern Mali has been financially supported by The Netherlands since 1978
through DGIS, and has been technically assisted by the Royal Tropical Institute (KIT). The team is known as Equipe
Systèmes de Production et Gestion de Ressources Naturelles (ESPGRN) and is part of the Malian agricultural
research institute (l'Institut d'Economie Rurale, 1ER).
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Tropical Institute. Also: Budelman A, Pol F van der (1992) 'Farming System Research and the quest for a sustainable
agriculture". Agroforestry Systems 19:187-206.
5. See Pol F van der, Giraudy F (1993) Etude sur la relation entre les pratiques d'amélioration des sols et variables socioéconomiques dans la zone Mali-sud. Bamako, Mail: Compagnie Malienne pour le Développement des Textiles
(CMDT).
6. Reference is made to the work of Stoorvogel JJ, Smaling EMA (1990) Assessment of soil nutrient depletion in SubSabaran Africa, 1983-2000. Volumes HV Wageningen, The Netherlands: The Winand Staring Centre; and Smaling
EMA (1993) An agro-ecologicalframework for integrated nutrient management, with special reference to Kenya.
PhD Thesis, wageningen, The Netherlands: wageningen Agricultural University.
7. IIED/FARM-Africa Workshop, November 26 to December 2,1995, Soddo, Ethiopia.
8. A report prepared for the Department of International Development (DFID) extensively outlines the issues of diversity
and dynamics in soil fertility and its management, and the consequences this has for policy making. Scoones I,
Toulmin C (1999) Policies for soilfertility management in Africa London, UK: Department of International
Development.

A REVIEW OF SELECTED CASE STUDIES

25

9. Research conducted by the team in Zimbabwe is not included here as a case study. However, the results of this research
can be found in Mavedzenge BZ, Murimbarimba F, MudzivoC (1999) Experiences offarmer participation in soil
fertility research in South Zimbabwe. Managing Africa's soils No. 5, Edinburgh, UK: International Institute for
Environment and Development (HED).
10. As a follow up to the 'Dynamics of soil fertility' project coordinated by HED, IDS and KIT, and in combination with two
other EU-funded projects - LEINUTS (Low-External Inputs plant-Nutrients research supported by LEI-DLO and ETC)
and VARINUTS (variability of plant-Nutrients research supported by AB-DLO) - a networking project on soil fertility
in Africa was set up called NUTNET (Nutrient Networking). It is funded by DGIS and includes fifteen organisations
from six African and two European countries. The Resource Guide was initiated under the 'Dynamics of soil fertility'
project and has now become part of this larger network. Several of the participating organisations have adopted
and are adapting the tools presented in the Resource Guide, and they are increasingly being used in training
sessions (e.g. those organised by the Kenyan Agricultural Research Institute in collaboration with LEI-DLO, and the
African Highland Initiative [AHI] project being conducted in several African countries).
11. Other farming systems research and development teams in Kenya have been inspired by the effectiveness of these
tools. The most recent spin-off is a PLAR for Integrated Soil Fertility Management that started in the Keyo-Marakwet
District of Kenya, which has been implemented in the context of the Arid and Semi-Arid Lands programme, financed
by DGIS.
12. ESPGRN documents reporting research results were widely distributed in West Africa and elsewhere. Specific reference
is made to Defoer T, Kanté S, Hilhorst T, Diana S, Bagayoko S, Bengaly M, Traoré M (1995) Vers une approche
gestion de la fertilité des sols. Résultats préliminaires du test méthodologique de Noyaraaougou. Document
no. 95/07. Sikasso, Mali: ESPGRN.
13. See also Sutherland A (1999) Linkages between farmer-oriented andformal research and development approaches.
AgREN Network Paper No. 92. ODI Agricultural Research & Extension Network.
14. Some of the current diversity in farming systems (particularly the way the least endowed farms operate) would
probably not exist if there were operational labour markets. There are often simply too few alternatives for people
to make a living outside agriculture, and the agricultural systems continue to absorb hugely under-employed labour.
If the history of western European agriculture is anything to go by, inefficient farming in Africa will also be
challenged in the long run as other sectors in society develop.
15. See Scoones I, Toulmin C (1998) 'Soil nutrient budgets and balances: what use for policy?' Agriculture, Ecosystems
and Environment 71: 255-267. The text also appears under the same title in the series published by HED 'Managing
Africa's Soils', no. 6,1999; and Scoones I (1997) 'Landscapes, fields and soils: understanding the history of soil
fertility management in South Zimbabwe'. Journal of South African Studies 23 (4): 615-634.
16. It is important to clarify our view of the agricultural scientist's role in the process of development Agriculture clearly
owes much to scientific progress, but there is a clear bias towards technology and intervention, despite the fact that
the interventionist road is littered with failures. Our point is that it is up to the land users, the farmers, and the
communities to which they belong to decide whether any intervention is necessary, and if it is, which technological
choices to make - in which case the average agricultural scientist wanting to play a meaningful role will have to
change his standard way of intervening. Agricultural development is much more than just the transfer of technology.
As Haug said: The sustainability of the process of agricultural improvement is not necessarily to be found in the
technologies introduced, but in the social process of active farmer managed innovation and dissemination of ideas'.
See Haug R (1999) 'Some leading issues in international agricultural extension, a literature review*. Journal of
Agricultural Education and Extension 5(4): 263-274 (particularly p 271).
17. It is unfortunate to note that the past is often quickly forgotten. In many African agricultural research settings scientists
tend to embrace new and fashionable subjects (which often come with external donor funding) rather than
building their knowledge on past research. It is true that it is not always easy to get hold of publications, but few
scientists actively research the past and use it to inform their opinions about the farming system in which they work.
Many interventions in agriculture fail simply because the people involved (such as policy makers) have been poorly
informed. In some cases agricultural research and the way it is conducted is part of the problem, as it Is at least
partly responsible for forming opinions.
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18. Soil groupings found in the case study areas and an indication of their productivity (average crop rooting zone, 0-40
an)
Cases

Soil groupings*

OMing/lkg sou '

CEC

Productivity*

Enset-based fanning in Ethiopia

Nitosols

12

20

High

Catena farming in northern

Arenosols

5-15

2-9

Low

Sukumaland, lar^ania

Cambisols

5-19

5-30

Fairly high

Verdsols

13-23

>30

High

Fluvisols

2-14

2-20

Fairly high

Cambisols

2-17

6-27

High

Arenosols

5-8

2-10

Low

Lixisols

4-7

5-9

Low

Andosols

20-70

4-16

Fairly high

Nitosols

840

22-27

Fairly high

Mixed fanning in western Kenya

Ferralsols

14-19

5-25

Fairly high

Cotton farming in Benin

Acrisols

8-11

4-11

Low

Luvisols

11-18

8-12

Low

Gleysols

17

12

Fairly high

Mixed farming in Benin

Nitosols

8.5-10

5-10

Fairly high"

Cotton farming in southern Mall

Leptosols

2-6

2-20"

Low

Acrisols

5-18

2-15

Fairly high

Irrigated rice farming in central Mali
Millet farming in central Mali
Mixed farming in northern Tanzania

1

a. According to the FAO soil classification; b. OM=organic matter, c. In cmol(+)/kg soil; d. This is a crude
assessment of the soil type's productivity. If nutrient stocks become exhausted, productivity decreases. However, if
the structure and Cation Exchange Capacity are still intact the soil can be made productive again by adding
nutrients. A CEC value of 3 to 4 cmol(+)/kg soil is taken as a benchmark value. Using mineral fertiliser when the
CEC is below 3 to 4 cmol(+)/kg soil will probably be uneconomical because too many nutrients are leached before
they can be used by the crop. e. Soils with high potential, but often poorly structured and exhausted by
uninterrupted use. £ Upper value for virgin soils, rarely found these days.
19. To put this in context, we can assume that an adult consumes 250 kg of grain per year. First class rice farmers produce
enough to feed about 8 additional adults. In northern Sukumaland land is scarce and mostly infertile, and on
average each adult has two-thirds of a hectare to live off As average maize yields are 500 kg/ha and millet yields are
300 kg/ha, this system can barely support its inhabitants, let alone generate a surplus.
20. By 'involution' we refer to Clifford Geertz' description of agriculture in Central Java, Indonesia. Geertz C (1963)
Agricultural involution, the process of ecological change in Indonesia. Association of Asian Studies. Los Angeles,
USA: University of Berkeley Press. The essence of his argument is that people are forced to continue farming
because there are no other economic sectors offering profitable employment The farm resources available to each
member of the household dwindle from one generation to the next, until at some point farms become untenably
small and unable to generate the financial resources needed for investment in agricultural production. People are
then reduced to subsistence farming and are forced to find sources of income outside agriculture, hiring out their
labour, going into small businesses, etc. This kind of work is generally seasonal, low quality, poorly paid, and
insecure. The cases from Sukumaland and Ethiopia are typical examples of farming systems that can no longer
support their population.
21. Of course, there are remarkable examples where people with minute farms still earn considerable incomes. One such
case is the I)ogon area in Mali. In a bare and agriculturally very uninviting area farmers literally carry their soil and
sources of fertility to places where they can be watered from man-made water reservoirs. The main products are
onions and garlic, which are famous for their quality and are widely marketed in the capital, Bamako, as well as in
neighbouring countries. It is horticulture exemplified. Apart from the farmers' obvious skills in producing a high
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value product, other factors thai make this system possible include the excellent road connections to rapidly
expanding urban markets, and a suitable ecology to grow these crops. See Diawara M (1997) "Dieu d'eau', eau du
barrage. Les populations du Plateau Dogon face aux contraintes; pluviométrie, terre et démographie'. Africa 67(4):
602-624.
22. The way a farm is classified should be seen as the farmers' judgement at a given moment, which may change over time.
The case study from southern Mali reports on this and shows how the farm classification changed after several years
ofPLAR.
23. For background see Engel PGH (1997) The social organisation of innovation: a focus on stakeholder interaction.
Amsterdam, The Netherlands: Royal Tropical Institute; and Engel PGH, Salomon M (1997) RAAKS; A resource box
Amsterdam, The Netherlands: Royal Tropical Institute.
24. The balances may be partial but they do include most of the nutrients that are mobilised when fanning takes place
under normal circumstances. In cases where there is serious erosion, significant losses would be omitted from the
balance, so in these situations it is advisable to adapt the analysis and include the relevant loss factors.
25. The nitrogen balance in the irrigated rice system may in fact not be positive. It is well known that nitrogen (especially
in the form of urea) is quite volatile. Field research in the Sahellan rice-based irrigation systems has shown apparent
nitrogen recovery rates of as low as 5%, and an average recovery of 30 to 40%. However, for several reasons we tend
not to routinely include a correction factor when preparing partial balances. Firstly, recovery rates were found to be
highly variable, making it difficult to apply a correction factor across several situations. Secondly, losses may be
partially compensated by nitrogen fixing processes, such as those that take place naturally in watery environments,
and in the water-born ferns of the genus Azolla. As soon as one tries to establish a balance that includes functions
invisible to the naked eye, it is sensible to correct for losses through volatilisation. For details about irrigated rice
cultivation see: Wopereis MCS, Donovan C, Nébié B, Guindo D, Ndiaye MK, Hâfele S (1998) 'Nitrogen management,
soil nitrogen supply and farmers' yields in Sahellan rice-based irrigation systems'. Advances in Ecology 31:
1261-1266; Wopereis MCS, Donovan C, Nébié B, Guindo D, Ndiaye MK (in press) Soil fertility management in
irrigated rice systems in the Sabel and Savanna regions of West Africa. Part 1. Agronomic analysis. Field Crops
Research.
26. For more details see Defoer T, De Groote H, Hilhorst T, Kanté S, Budelman A (1998) 'Farmer participatory action
research and quantitative analysis: a fruitful marriage? 'Journal of Agriculture, Ecosystems and Environment 71:
215-228.
27. Similar observations about farms' dependence on commonly managed land have been made in Defoer let at (Ibid.).
28. It is reported that over 200 cartloads of manure were transported to fertilise a five-hectare plot This amounts to over
three tons of manure per hectare, which is slightly more than the seasonally recommended amount
29. See FAO (1996) Recapitalisation of soil productivity in sub-Sabaran Africa. Washington DC, USA: World Bank/Rome,
Italy: Food and Agriculture Organisation. A debate is currently developing around these types of initiatives, which Is
largely fed by people's analysis of situations and the fact that (judging from their papers) the leading international
experts supporting these massively ambitious schemes seem unaware of the many faces of African agriculture - its
Inherent resourcefulness, its constant change, Its diversity and especially its history. In fact, there is growing
evidence that factors such as social upheaval and war have far more effect on agricultural systems' sustainability
than depleted soils. Killer pests and diseases that have virtually wiped out specific crops in certain regions over a
relatively short time are also seen as more destabilising than decreasing soil fertility. If decreasing soil fertility has
led to changes in crop composition in agricultural systems, these changes are comparatively slow and gradual. For a
thorough investigation of these issues, see Goldman A (1995) "Threats to sustainability in African agriculture:
searching for appropriate paradigms'. Human Ecology 23(3): 291-334. For further discussion about the difficulties
of making the concept of sustainability operational, refer to Hansen JW (1996) 'Is agricultural sustainability a useful
concept?' Agricultural Systems 50:117-143, and Harrington LW (1992) 'Measuring sustainability: issues and
altematives'./otaTOz/ of Farming Systems Research-Extension 3:1-19. Finally, an excellent review of the debate and
analysis of the suspected lack of sustainability of African agriculture is found In Scoones I, Toulmin C (1999) Policies
for soil fertility management in Africa. London, UK: DFTD.
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30. Part 4 of the Resource Guide consists of a computer software package called ResourceKIT and an accompanying
manual to guide users through the calculations. However, the Resource Guide can be used effectively by people
who do not have access to a computer. In fact it is advisable to do the initial flow analysis on paper, following the
procedures outlined in Chapter 4 of Fart 1, and the section in Chapter 6 on drawing resource flow maps. The
advantage is that people, including participating farmers, learn to look at farm operations in a systematic manner.
Besides, making rough calculations beforehand using a pocket calculator is a check on outcomes provided when
using a computer. The data presented in the cases in this volume can be used as benchmarks against which readers
can check the results of their own analysis.
31. For further discussion on this Issue see Röling N (1996) 'Creating human platforms to manage natural resources: first
results of a research program'. In: Budelman A (ed.) Agriculture R&D at the crossroads: merging systems research
and social actor approaches. Amsterdam, The Netherlands: Royal Tropical Institute.
32. In soil science the current convention is to express values for the availability of plant nutrients on the basis of 1 kg of
soil. For example, a soil may contain 4 g/kg of organic matter, 0.42 g/kg of nitrogen, 6 mg/kg of phosphorus and
0.25 cmol(+)/kg of potassium. Values are thus expressed as parts per 1,000 or as 'pro mille'. This is now standard
practice, and the soil nutrient data in this Resource Guide are presented accordingly. In daily language, however,
percentages (or parts per 100) are very widely used. Throughout the Resource Guide, except in the case where soil
nutrient analysis data are presented, we decided to stick with the 1/100, % or percentage convention. So, a soil is
65% sand, grain has a 2% nitrogen content, urea is 46% of nitrogen, 51% of the cropped area is under cotton, etc.
At this point it would be strange to base the Resource Guide's information entirely and consistently on the 1/1,000
convention in stead of the 1/100 convention. Users would then encounter an extra hurdle to calculate. In practice,
apart from the need to always be aware which units are used, there is only one place in the Resource Guide where
unit confusion may lead to incorrect conclusions. This is where soil analysis data for nitrogen are used as a basis to
calculate the availability of that nutrient in the soil. When soil analysis tells of a nitrogen content of 0.42 g/kg soil, it
means that you are looking at a soil with a nitrogen percentage of 0.042. This figure can subsequently be entered
into the procedure given by the Resource Guide to calculate soil nitrogen availability.
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1 . Enset farming in the highlands
of Ethiopia
Elias Eyasu'

Introduction

Enset, or false banana (Ensete ventricosum (Welw.) Cheesman) is a food crop particular
to Ethiopia. It is the mainstay of the farming system in the southwestern highlands, and is
the staple food of about ten million people in the south of the country."
This chapter will discuss enset farming in the Kindo Koisha District, which is situated
about 450 km south of Addis Ababa in North Omo Province. Topographically the area is
characterised by an undulating plateau regularly intersected by V-shaped valleys. A
significant amount of the agricultural land is made up of very steep slopes, and in some
places lower lying areas of around 1,200 m above sea level alternate with land of up to
2,100 m above sea level. More than 85% of the total human and livestock population of
the highlands is concentrated in the higher areas, which account for over 90% of the
region's agricultural produce.
The climate in the highlands is semi-humid, with a mean annual temperature of 20°C and
average annual rainfall of 1,270 mm. The rainfall is bimodal, with a short rainy season
(Belg) from March to May and heavy summer rains (Kremt orMeher) between June and
October, peaking in August. The dry season lasts from November to February. In recent
years the rainfall has been very variable, both in terms of time and volume. While the
higher areas are free from tsetse and malaria, the lower-lying regions suffer from
increasing incidence of both diseases, which partly explains why these areas are sparsely
populated.
The dominant soil types in the area are Nitosols. These well-structured, red clayey soils
hold water well and are among the more fertile tropical soils, although in some areas
nutrient reserves may have been depleted by leaching and continuous cultivation.
Phosphorus fixation occurs and the soils require fertilisers containing P to produce good
yields, especially for cereal crops.
The average population in the highlands is 375 people/km . In some areas is it as high 520
people/km , which makes Kindo Koisha District one of the most densely populated parts
of Ethiopia outside urban and peri-urban centres. The population in the District is
increasing annually by about 4.8% (compared with a national average of around 3%), but
food production in the area does not seem to be keeping pace with this rate of growth.
This case study consists of a detailed analysis of four farms representing the full range of
agricultural resource endowments found in the highlands of Kindo Koisha District. By
investigating and quantifying the resource and nutrient flows on these farms the study
aims to provide insights into the way farmers manage soil fertility and into how variations
in farmers' access to resources result in different types of farm management.
2

3

2

2

5

6

Methodology

Several methods offieldresearch were used to investigate the farming situation. The first
step was to use a combination of participatory rural appraisal techniques (PRA) to
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informally interview people at the research site; semi-structured interviews and group
discussions, getting farmers to draw up maps of their farm, and observing households'
resources. Locally perceived indicators of wealth were used as the basis for a participatory
wealth ranking exercise to classify farmers into different socio-economic categories. The
farmers' resource flow maps were used to analyse their crop production systems.
A structured questionnaire was used to survey a sample of 50 households, and one
household from each of the four wealth categories defined by farmers was selected for
year-long observation. This involved studying the soil fertility management practices for
each of the four farms' crop production systems, and monitoring their resource flows
using nutrient flow analysis. The crop production system was taken as the unit of analysis,
and the different crop production systems were distinguished by which crops are
cultivated and how they are fertilised. The input/output functions used for this were: IN 1
= mineral fertilisers, IN2 = organic fertilisers (such as manure and mulch material), OUT
1 = crop products leaving the field, and OUT 2 = crop residues leaving the field (to be
used as feed or fuel). The nutrient flow analysis quantified only nitrogen and phosphorus.
The resulting nutrient balances are partial, for they do not include factors that are difficult
to quantify, such as leaching, gaseous losses and erosion. The nutrient content data used
for converting resources came either from the author's own analysis or from published
sources.
7

8

The enset-based farming system of Kindo Koisha

Agriculture in the highlands is based on crops and livestock, and there is considerable
interaction between these components. Livestock provides draught power and manure,
and also constitutes an investment. The main source of animal feed is crop residues, as
most grazing areas have been converted into arable land where farmers grow many
species of cereals, root crops and vegetables, often in quite complex production systems.
These more or less permanendy occupy the fields, and very little land is left fallow
nowadays.
The traditional food staple in this area is enset. This crop is characteristic of the region,
and because of certain typical features fields under enset are regarded as a separate crop
production system. The most notable distinguishing features of this system arefirsdythat
it is grown in thick stands that are generouslyfertilisedwith organic materials. Secondly,
because the starchy trunk can be harvested over a long period, the standing crop acts as a
food store. Lasdy, the fact that it is a perennial means that enset fields are permanendy
covered, which reduces the risk of soil erosion.
Other distinguishable crop production systems are more seasonal in nature and are
principally defined by the strategies used to manage their soil fertility. Maize is grown in
both the darkua and sbokafields,but while farmers apply heavy dressings of manure to
the darkua crop production system, they use only relatively small amounts of mineral
fertilisers on their sbokafields.There is a transitional crop production system between
darkua and sboka, which is known locally as the taro field. These are areas that farmers
are trying to convert from relatively infertile sboka into more productive darkua, thereby
creating a 'moving fertility frontier'. Because of the relationship between the three types
offieldsthe size of each crop production system is determined by the farmer's access to
manure (see Table 1).
The most important cereal in the region is maize, which is sown during the short rainy
season and harvested at the end of September. Other cereals include sorghum and t'ef
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Table 1
The crop production systems in the highlands of Kindo Koisha District
Distinguishing
features
Main crop(s)

The enset crop
production system
Enset or false
banana

Management
of soil fertility

Heavy dressings
of animal manure

The shoka crop
production system
Maize in rotation
with root crops
and other cereals
Heavy dressings
Heavy dressings
Limited amounts
of animal manure of animal manure of mineral
fertilisers

The darkua crop
production system
Continuous
cropping of maize

The faro crop
production system
Taro or Wollaita
potato

Table 2
Distribution of resources between selected farmers
Wellendowed
farmer
Farmers' criteria
1. Number of draught oxen
2. Number of cattle (expressed in TLU)°
Additional criteria
3. Land cultivated (ha)
4. Number of adults per family
5. Off-farm income

Moderately
well-endowed
farmer

Poorly
endowed
farmer

Least
endowed
farmer

4
10.5

4.8

0
0.4

0
0.0

1.02
2
20

1.05
5
2

0.70
5
2

0.25
3
1

2

b

0

a. TLU = tropica/ livestock unit,fa.Derivedfromquestionnaire, c. Off-farm income is given in relative terms; I=50 Birr
(7 US$=6.3

Birr).

(Eragrostis tef (Zucc.) Trotter), which is another fine-grain species typical of Ethiopia.
Sorghum and t'ef stalks are used as construction materials, animal feed and fuel. Farmers
also grow a range of root crops, mainly sweet potato and taro (fiolocasia esculenta (1.)
Schott) and to a lesser extent Irish potato and Wollaita potato (Coleus edulis Vatke), which
is another crop typical to the region.
9

Nutrient balances

The farms in the Kindo-Koisha area are small, with most of them comprising a total
cultivated area of less than one hectare. Of the four resource endowment groups classified
during the wealth-ranking exercise, the best-endowed was the first group, which consists
of a small minority with a relatively large amount of land, sufficient draught power and
many animals. They generate marketable produce and manure, and are also relatively
successful as small-time traders. The second group has the same basic range of resources
but only half the number of animals available compared with the first group. These two
groups together represent about 20% of the population. The third group owns fewer
livestock than the second, but still has some access to the benefits they provide. This
10
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Table 3
Partial nutrient balance for the enset crop production system
of the moderately well-endowed farmer (0.2 ha)
Function

Resource
(kg)

Mineral fertiliser IN 7 Animal manure IN 2
Total IN
Food produced OUT 7
Feed produced OUT 2
Total OUT
Partial balances for the crop production system
Partial balances for a hectare, per year

-

952

100
451

Nutrients
displaced (kg)"
N
P

-

-

+2.2
+2.2
-0.1
-0.7
-0.8
+1.4
+7.0

+ 16.0
+16.0
-0.9
-8.5
-9.4
+6.6
+33.0

Table 4
The shoka crop production system of the moderately
well-endowed farmer (0.6 ha)
Function

Mineral fertiliser IN 1
Animal manure IN 2
Total IN
Food produced OUT 7
Maize (short season)
Sweet potato (main season)
Sorghum (short season)
T'ef (main season)
Feed produced OUT 2
Maize (feed, fuel)
Sweet potato (feed)
Sorghum (construction)
T'ef (construction)
Total OUT
Partial balances for the crop production system
Partial balances for a hectare, per year

Resource
(kg)
43

-

Nutrients
displaced (kg)
P
N
7.7
8.6
3

-

-

+7.7

+8.6

1,022
1,300
108
120

-12.8
-3.4
-1.4
-2.1

-1.8
-0.5
-0.4
-0.5

3,000
750
538
368

-10.5
-4.8
-2.3
-2.2
-39.5
-31.8
-53

-0.9
-0.7
-0.5
-0.4
-5.7
+2.9
+5

group still has access to relatively significant land resources. The least endowed group has
no livestock and only a very limited amount of land. About 40% of the population fell into
each of these last two groups. Table 2 shows the resources available to the four selected
farms, which each represent a resource group. It indicates that although the resources
generally available are limited, there are considerable differences in their distribution
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The shoka crop production

Table 5
of the least endowed former (0.1 ha)

System

Function

Mineral fertiliser IN 7
Animal manure IN 2
Total IN
Food produced OUT 1
Maize (short season)
Sweet potato (main season)
Sweet potato (short season)
Haricot beans (main season)
Feed produced OUT 2
Maize (feed, fuel)
Sweet potato (feed)
Sweet potato (feed)
Haricot beans (feed)
Total OUT
Partial balances for the crop production system
Partial balances for a hectare, per year

Resource
(kg)
4
86

Nutrients
displaced (kg)
P
N
0.8
0.7
1.4
0.2
+2.1
+ 1.0
8

39
250
160
35

-0.5
-0.7
-0.4
- 1.2

-0.1
-0.1
-0.1
-0.1

137
56
144
42

-0.5
-0.4
-0.9
-0.3
-4.9
-2.8
-28

0.0
-0.1
-0.1
0.0
-0.6
+ 0.4
+4

among the four groups.
Tables 3, 4 and 5 show how nutrient flow analysis can be used to analyse farming systems.
They show the partial nutrient balances for the enset and the shoka production systems of
the farmer representing the moderately well-endowed group (those who have their own
draught oxen and cattle) and the shoka production system of the poorest farmer.
It has already been noted that the enset crop production system is basically a food store
that is only used as and when it is needed. Table 3 shows how little was actually taken for
family consumption during the year reported by the farmer. The partial nutrient balance is
of course a snapshot, which in this case was taken during a year when cereal supplies
were good (Table 4). There will be times when the balance is less positive - when other
fields produce no harvest because of drought, or when people sell their enset stores to
raise money.
Table 4 shows the nutrient flow analysis of the same farmer's shoka crop production
system. These fields are not usually given any organic inputs as they are furthest away
from the homestead, and it requires too much time and labour to manure them. The
women of the household have the hard task of taking manure to the fields, carrying it in
baskets that are cumbersome and often leaky.
While the World Bank-sponsored Wollaita Agricultural Development Unit (WADU) project
was operational, shokafieldsgot their share of subsidised mineral fertilisers, particularly
DAP. The crop production system under scrutiny did receive a small amount of DAP during
the season studied, but much more nitrogen and phosphorus left the field, mosdy in the
form of maize grain for domestic consumption, feed for domestic animals and fuel for
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cooking and heating (see Table 4).
Table 5 shows the partial nutrient balance of the poorest farmer's sboka system, which
yields a range of products similar to that of the moderately endowed farmer, but on a
much smaller area. Although this farmer only applied tiny amounts of organic and mineral
fertilisers, the system is actually only seriously deficient in nitrogen.
Discussion a n d conclusions

Each of the four study farms has all the distinct crop production systems. We can use a
matrix to analyse these systems in relation to the farms' resource endowments and to
produce a sustainability map, which is presented in Table 6. Rather than give the partial
nutrient balance as figures per hectare, which would enable us to compare fields of
different sizes, we have used qualitative indicators:'++' stand for a highly positive partial
balance, and '—' for a severe deficit. The benchmarks used here are based on data from
Stoorvogel and Smaling,7 who estimate deficits for Sub-Saharan Africa as 20 kg/ha/year for
nitrogen and 3 kg/ha/year for phosphorus.
In Table 6 , ' + + ' for nitrogen means a nutrient surplus of 20 kg/ha/year or more,'+'
means a surplus of between 2 and 20 kg/ha/year, 'o' means that the system is in
equilibrium, give or take 10% or 2 kg. Next,'-' indicates a net yearly loss of 2 to 20 kg per
hectare, and '—' indicates a net loss per hectare of 20 kg/ha/year of nitrogen or more.
Similarly, for phosphorus the legend is as follows:'++' indicates a surplus of 3 kg or
more,'+' denotes a surplus of 0.3 to 3 kg, and 'o' means that the system is in equilibrium,
give or take 10%, or 0.3 kg. Finally,'-' stands for a net loss of 0.3 to 3 kg, and '—'
represents net losses of over 3 kg/haA ear of the nutrient.
r

The pattern emerging from Table 6 is clear. The individual crop production systems of all
four farms have positive partial balances for phosphorus, which is either the result of
applying P in the form of mineral fertilisers (to the sboka crop production system) or
organic manuring (all other crop production systems). The partial balance for nitrogen is
consistendy negative for sboka fields, indicating that there is significant N depletion in this
particular system. The darkua and taro production systems show positive balances for
both nitrogen and phosphorus as a result of farmers enriching the soils so that taro fields
Table 6
M a p p i n g the crop production systems' sustainability:
a glimpse at diversity"
Wellendowed
farmer
Nutrient:
Enset crop production system
Darkua crop production system
Taro crop production system
Shoka crop production system

Moderately
well-endowed
farmer

N

P

N

P

++
+
++

++
+
++
++

++
+
++

++
++
++
++

--

--

Poorly
endowed
farmer
N
P

-

++
++

--

++
++
O

++

Least
endowed
farmer

N

P

+
++

+
+
++
++

-

--

a. + +/- = >20 leg N per ha per year or >3 kg P per ha per year respectively; +/- = 2-20 kg N per ha per year / 0.3-3 leg
P per ha, per year; o = balanced
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can be turned into darkua fields.
The nitrogen balances seem to decline from highly positive in the enset fields to a severe
deficit in the sbokafields.This trend is confirmed when we look more closely at the
relative sustainability of the crop production systems as shown in Table 7.
This Table gives the nutrient balances infiguresand shows the size of the fields, enabling
us to add up the balances for the individual crop production systems and to calculate a
partial balance for each farm."' We can then assess the current soil fertility management
strategies and look at ways of improving them. In principle it is possible tofine-tunethe
overall balance of the farm, redressing the balance if over-fertilised fields are found next to
under-fertilised ones. Table 7 shows that all the crop production systems have a small
positive phosphorus balance, so there is no real need (or much potential) to change
current practices. However, all the sboka crop production systems have nitrogen deficits
well in excess of the adopted benchmark of -20 kg/ha/year (ranging from -66 in the
wealthiest farmer's fields to -53 in the relatively well-endowed farmer's system, -32 for the
poorly endowed farmer, and -28 kg/ha in the poorest farmer's system).
u

The overall farm nitrogen balance of the best endowed farmer could be redressed, given
that some crop production systems show considerable positive balances. However, the
positive balance in the ensetfieldsmay just be due to the fact that very little was removed
from them for sale or domestic consumption. In another year they may be much more
heavily harvested, which would change the balance of nutrients. Furthermore, reallocating
the applications of organic fertiliser could negatively affect the P balances. Although in
theory reallocating inputs may seem possible, it could be complicated in practice.
The overall impression is that all the farmers do a remarkably good job maintaining their
soils' fertility status. The poorest farmer does not do significandy worse than the other
farmers in the study. When manure is available, all the farmers use it carefully to extend
the fertilised area. The sboka crop production system seems to be most liable to nutrient
exhaustion because of the farms' limited capacity to produce organic fertilisers, and if
farmers are unable to produce or acquire manure they will need to use a certain amount
of mineral fertiliser to redress the negative nutrient balances. The WADU project proved
that farmers are fully aware of the usefulness of mineral fertilisers, and that they will use
them if they are available and affordable (see also endnote 8).
Table 7
Partial nutrient balances for the various crop production systems

Crop

production
system

Well-endowed
farmer

Moderately wellendowed farmer

Nutrient
N
P
Enset +12.2 +2.3
Darkua +3.1 +0.8
Taro
+5.6 +0.8
Shoka
-33.1 +5.9
Kg/farm

Size
(ha)
0.20
0.30
0.02
0.50

+6.6
+3.2
+2.6
-31.8

+ 1.5
+0.7
+0.4
+2.9

per year -12.2

1.02 -19.4

+5.5
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+9.8

Nutrient
N
P

Size
(ha)

Poorly endowed
farmer
Nutrient
N
P

Size
(ha)

Least endowed
farmer
Nutrient
N
P

Size
(ha)

0.20 -0.4 +0.2
0.20 +0.8 +0.3
0.05 +0.3
0
0.60 -9.6 +2.7

0.10 -0.1
0.20 + 1.7
0.10 +0.5
0.30 -2.8

+0.1
+0.2
+0.1
+0.4

0.04
0.10
0.01
0.10

1.05

0.70

+0.8

0.25

-8.9 +3.2

-0.7
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One of the main problems in this region is that the majority of the people are poor. At
least half of the farms have so little land and few available agricultural resources that they
cannot be expected to meet their occupants' needs, let alone raise extra cash to buy
fertilisers on the market. The situation in Kindo Koisha fits the picture drawn by Clifford
Geertz of a farming system heading for 'involution', where resources are so thinly spread
that farms cannot be expected to increase their production. One of the reasons why this
has happened is that there are no functioning markets for labour or high value agricultural
products, etc. If there were other, more profitable opportunities for people to make a
living, the smallest farms in the District would probably not exist, as people would have
chosen to leave farming for another occupation rather than dividing up already small
farms.
For policy makers the point here is that good roads connecting the communities in Kindo
Koisha to markets would probably be more helpful than a repetition of the WADU
experience. Interventions aimed at improving soil fertility cannot stand on their own, but
should be part of a coherent plan for regional development.
13

9

Notes
1. Former member of staff, FARM-Afrlca, Ethiopia.
2. All Latin plant names are according to Westphal E (1975) Agricultural systems in Ethiopia. Wageningen, The
Netherlands: Centre for Agricultural Publishing and Documentation: 204-231.
3. In Ethiopia there are four main types of farming systems: 1) the continuous cultivation of cereals, which is practised in
the northern, central and southeastern highlands of the country; 2) the enset-based system of the southwestern
highlands, 3) shifting cultivation practised by the lowland tribes in the southwest; 4) the pastoral way of life which
is practised in the hot and dry zones of eastern Ethiopia. Westphal E (Ibid.).
4. Enset is a member of the banana family (Musaceae). It takes four to seven years to produce the first crop, which is
harvested from the carbohydrate-rich pseudostem rather than the fruit Enset plays an important role in providing
food security as it is drought-resistant and highly productive, both in terms of food and forage. In a study of the
local diet and household food consumption, Wollaita Agricultural Development Unit (WADU) stafffoundthat enset
and root crops accounted for about 50% of the total calorie intake per person in the area. The other 50% is mainly
derived from maize and other cereals, and a small amount of animal products. Anon. (1974) Annual Report July,
1974. Soddo, Ethiopia: Wollaita Agricultural Development Unit
5. The results discussed here deal only with farms in high altitude areas. Four other farms in the lower regions of the
highlands were studied, but as enset is not grown as a crop there they were not included in this case study.
6. The material in this case study was the basis of a PhD degree (See Eyasu E (1997) Soil fertility decline and coping
strategies: the case of Kindo Koisha, southern Ethiopia PhD Thesis. Norwich, UK: School for Development Studies,
University of East Anglia). Its objectives were consequently different from those of most of the other cases presented
in this volume, and the specific aims of this study explain the lack of references to participatory learning and action
research, or to farmers' experimentation.
7. For details on the methodology of nutrient Sow analysis see Stoorvogel JJ, Smaling EMA (1990) Assessment of soil
nutrient depletion in Sub-Sabaran Africa, 1983-2000. Volumes I-IV Wageningen, The Netherlands: The Winand
Staring Centre; and Stoorvogel JJ, Smaling EMA, Janssen BH (1993) Calculating soil nutrient balances in Africa at
different scales. I Supra-national scale. Fertiliser Research 35: 227-235.
8. To arrive at 'nutrients displaced' from 'resource' in Tables 3 to 5, see the Table below. Data come either from the
author's own analysis or from FAO (1994) Plant nutrients exported by crops at optimal productivity level. Rome,
Italy: FAO.
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Product

Nutrient
_________

Di-ammonium phosphate (DAP)
Animal manure

content

.*N

%P

18

20

1,68

0.23

Grains/other food products
Enset

0.87

0.10

Maize

1.29

0.18

Sweet potato

0.26

0.09

Sorghum

1.30

0.35

Tef

1.76

0.45

Haricot bean

3.47

0.26

Enset

1.89

0.15

Maize

0.35

0.03

Sweet potato

0.64

0.22

Sorghum

0.42

0.09

0.65

0.03

Residues

Tef

0.10

Haricot bean

9. The traditional cereal fef has gradually been replaced by the more rwoductfre maize. This eta
World Bank sponsored development project, the Wollaita Agricultural Development Unit (WADU), whose activities
were prominent in early 1970. WADU promoted an improved maize technology package that included better seeds
and the use of DAP, an mineral fertiliser containing nitrogen and phosphorus.
10. Atinyminority (estimated at 2% of the population) is relatively weltendowed In terms of the land they own and
cultivate, the number of draught oxen and size of their herds. They play an important social role, for when titties
are hard (periods of hunger, drought, sickness) they are able to buy cattle from! people that need Money or food.
While this partly explains how they accumulate wealth, their existence lit the community probably represents the
only safety net available when life gets rough for the poor. More generally, farmers who own" draught oxen (c. 20%
of the farming population) often help those who do not have the draught power to plough' theirfieldsin time. They
often also supply seeds and nîmCral fertiliser to the owner^c^
This support does not come cheaply; the recipient is expected to give from $0 to 7$% of thefinalyield, depending
cm the extent of the support package. While the farmers who own draught power may seem to be exploiting their
poorer counterparts, the net result Is that the owners of the land are ultimately better off, simply because timely
land preparation is such a critical factor in the final yield. At the same time, oxen owners also cultivate and profit
from much larger areas of arable (and than the land they actually own themselves.
11. The 'farm' here is defined as the sum

the crop prod

more titan just the sxtm of its crop production systems, as it also irtdtwles a-livestock production system and
resource Cows (hat are part of the compound where household members live.
1

12. In another publication (see Elias E, Morse S, Belshaw DGR (1998) 'Nitrogen and phosphorus balance» of Kindo Koisha
1

farms in southern Ethiopia'. Agriculture, Ecosystems and Environment 71: 93-113), nutrient balances have been
produced that include factors such as leaching, erosion and gaseous losses. It is noteworthy to compare the results.
The patterns for the four farms are stalfiaj?for thé N and P balances. However, the nitrogen balances are far more
negative In the publication mentioned above than in tile case described' here'. This Is because heavy losses are noted
for leaching, erosion arid gaseous losses. However, it should not be forgotten fliat these factors were not measured
but were estimated on the basis of other published material. The resulting balances for P are remarkably similar to
the ones given here. In' Ellas etal wefind +11.7, +4.8, +3.6, +1.1 for the four'farms, compared with +9.8, +5.5,
1

+3.2, +0.8 kg P in this ease. We suspect that this is because factors such as leaching inay be important for nitrogen,
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but are far less so for phosphorus. Ignoring them (as we do here) does not produce a very different result from the
balance that includes the complete set of loss/gain factors. It is suggested that partial P balances probably reflect
what is happening in terms of resource/nutrient flows more reliably than partial N balances because of the relatively
limited mobility of phosphorus in the soil.
13. Geertz C (1963) Agricultural Involution, the process of ecological change in Indonesia. Association of Asian Studies.
Los Angeles, USA: University of Berkeley Press.
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2. Catena farming in northern
S u k u m a l a n d , Tanzania
Arnoud Budelman, Firmin Mizambwa, Ann Stroud, Robert Kileo'

Introduction

The northern Sukumaland narrow valley farming system is located south of Lake "Victoria
in Tanzania. This is a seasonal crop production system where the most important food
crops are maize, cassava, sorghum and millet, with cotton and rice grown as cash crops.
The rice is grown in water that is harvested in small, bunded fields on the lower slopes of
small hills. The crop production systems here are determined by the presence of a distinct
toposequence along the slope that is known as a 'catena'. The soils of a catena are all
derived from the same parent material, although topography and the movement of water
cause differences to develop between them over geological time scales. The catena is
basically divided into three sections. The first section is at the top of the hill, where soils
lose material in the form of soil particles, water and nutrients. These run down onto the
slopes, which are the second section, where soils gain material from the first section and
lose it to the third section in the valley.
The soils on the upper part of the slope in northern Sukumaland are typically welldrained, light and sandy, and are locally known as luseni. The slopes are covered with
poorly drained, sandy topsoils overlaying a clayey subsoil, which are known as ttogolo. In
the valley the soils are heavy crack and swell clays (mbuga) that are rich in nutrients but
very difficult to work by hand. In some areas of the luseni there is an impermeable layer
deeper in the subsoil that may cause water to be pushed to the surface. These soils are
known as inyalala or sota and because they retain moisture better than the other soils,
farmers can cultivate crops such as sweet potatoes, sugar cane and bananas, and
horticultural crops such as tomatoes, which would not normally thrive in the area. Figure
1 shows that the major soil types differ considerably in terms of structure, composition
and nutrient resources.
Looking at the history of the Sukumaland farming system one can dearly see how it has
evolved over time. Generations of farmers have gradually exhausted the lightly textured,
easily workable soils on the top of the catena, but when they developed a system of water
harvesting they were able to use hardpan soils to cultivate rice on the lower slopes.
Another fundamental change was the introduction of animal traction, which made it
possible to cultivate the previously unusable soils in the valley bottom. Both these
developments occurred over the past 50 years as a result of farmers' ingenuity and need
to adapt to increasing population density.
Today in villages like Mwagala, the site of this case study, most land is occupied. Although
farmers invariably complain about exhausted soils and steadily decreasing crop yields, we
cannot judge how serious or imminent the decline of the farming system is or advise on
the potential for intensifying land use because we have no solid information about it. This
has brought us to the understanding that we need a practical methodology to assess how
the farming system functions. This ease is based on field research undertaken: by the
forming system research team of the Agricultural Research Institute in Ukiriguru, Lake
Zone. This research was aimed at improving our understanding of the complex way that
2
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land is used in northern Sukumaland, and was part of a series of on-farm research
actívitíes. While it was in progress, an important new methodology was developed that
was seen to reinforce the role of land use analysis as part of farming system research. This
was the nutrientflowanalysis (NFA), which provides a comprehensive framework for
farming system analysis, enabling researchers and farmers to monitor nutrient losses and
assess the options for recycling nutrients more efflciendy. NFA provides information that
can help focus agricultural research and facilitate the development of more relevant
extension messages.
5

6

Methodology

This case study looks at land use in Mwagala village in the Kwimba District. This site is
typical of northern Sukumaland, where the landscape is dominated by nutrient-poor
sandy soils. The analysis was based on a village territory map drawn by a surveyor that
shows the topography, soils and land use in the village territory. Farm data relating to field
size, cropping patterns, crop yields and crop production management practices were
obtained from about 70 interviews with male and female farmers from the village. Forty
farms were randomly selectedfromthis sample of 70 farmers, and theirfieldswere
measured and soil types and land use recorded. About ten of these farmers then drew
maps of their farms, listed all possible resource flows and estimated their size. A third
source of basic information was the crop yield data systematically collected between 1988
and 1995 by the Lake Zone Farming System Research team. We also used data from our
ownfieldexperimentation and from farmers' trials and tests, two land use studies
conducted in the neighbouring divisions of Kwimba 0181x1«? and texts on Sukumaland
agriculture. Data on estimated yields and use of residues, etc. used in the nutrient flow
analysis were extensively discussed with a group of farmers that acted as a consultative
body to this study of land use.
In this case study the unit of analysis is the crop production system, which consists of the
individualfieldwith its particular soil type, the crops grown in it, and the way soil fertility
is managed. We used Smaling's model of nutrientflowanalysis, which is based on how
farmers' management of their agricultural resources affects the ways in which a farm or
individual fields gain or lose nutrients. The nutrient balances only take account of the
resources managed by farmers, such as crops harvested, manure applied, etc. Other
factors of loss and gain such as leaching, erosion and biological nitrogen fixation have not
been taken into account, partly because they are difficult to measure, and partly because it
is usually expensive to produce reliable data on these factors. The resulting nutrient
balances are therefore partial balances. The relevant input/output functions used are: IN 1
= mineral fertilisers; IN 2 = organic fertilisers (such as manure, compost, mulching
material cut and brought to thefield);OUT 1 = crop products removed from thefieldfor
home consumption or the market; and OUT 2 = crop residues that leave thefield,e.g. to
be used for feed. Data were collected on the nutrient content of all kinds of resources,
farm products, etc., and used to convert resource flows into nutrientflows.The data
mainly come from published material.
7
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Land use in Mwagala village

Mwagala is a village where the natural resource base has been depleted by high
population pressure. There are over 200 inhabitants per km in Mwagala village territory,
and in 1975 a law was passed in the village prohibiting outsiders from permanendy
2
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Figure 1 Major elements of the catena in northern Sukumaland, northwestern Tanzania"
Crop production systems
(Vernacular names)
FAO soil classification
General soil characteristics
Relative importance (cropped area)

Luseni

Inyalala

Itogolo

Mbuga

Arenosol
Sandy soils

Plinthic Arenosol
Sandy soils with hiç
water table
3%

Gleyic Eutric Cambisol
Loamy soils with sandy
top soil
40%

Pellic Vertisol
Black cotton soils

5

1

%

o

HL

2%

*o«ui-

Farmer' major soil fertility indicators:
Soil texture
Soil colour
Depth profile
Soil fertility
Workability of the soil

Light sand
Grey
Variable
Low to very low
Excellent

Sandy loam
Grey
Variable
Low to
Moderate

Farmers' management practices:
Major crops
Fertilisation

Cotton, cassava
Limited; manure only

Vegetables,
• Rice
sweet potatoes
• Limited; some urea
Limited use of manure
and urea on vegetables
Low fertility
• Drought
Low fertility

Major constraints
Relevant scientific characteristics:
Soil pH
% Organic matter
%N
P Bray (mg/kg)
C E C (cmol(+)/kg of soil)
Potential improvements

Low fertility
Low moisture
6.8
0.4
0.03
6
3.4
Manuring with
organic material

As in luseni (inyalala
is a niche of the luseni
complex where the
water table is high)
• Increased fertiliser
use; use of organic
matter

Loamy clay
Dark grey
Hard pan
Low to moderate
Moderate

6.7
0.6
0.06
3
4.9
Increased fertiliser use

Heavy clay
Grey- blackish
Deep, cracking
High to very high
Difficult when wet,
very hard when dry
Rice, sorghum
None
Water logging
Difficult soil preparation
7.7
1.5
0.12
13
62.7
Improved drainage
(cambered beds, etc.)

a. The situation described is for a particular village in the northern half of Sukumaland where soils are predominantly luseni. In the south itogolo and then mbuga soils become
The soil data given refer to the topsoil, c. 20 cm. In case of itogolo, below 20 cm the CEC increases to over 20 cmol(+)/kg of soil.

dominant,

settling and acquiring land. There were 1,907 villagers in 1978, 2,025 in 1988 and 2,067 in
1995, which represents an annual increase of less than 0.5% and suggests that the village
is full to capacity.
Table 1 shows the land available to the population of Mwagala village in 1995. In principle
all the land apart from the hilltops can be farmed, so potentially the average family farm
would be about 2.4 ha. Virtually all of this would be cultivated, as very litde land is left
fallow any more. Cattle used to be an important part of the northern Sukumaland farming
system, but as a result of high human population density they now compete direcdy with
man for land. As Table 1 shows, cattle have to feed on the same land that produces crops,
for there is only a limited amount of land left uncultivated on the hilltops.
The dominant soil types in Mwagala village territory are luseni and itogolo, with very little
of the fertile mbuga soil. Luseni contains about 10% clay, is chemically poor, and has a low
cation exchange capacity, or CEC (see Figure 1). A CEC of 3-4 cmol(+)/kg of soil is
generally seen as the minimum required for economical use of mineral fertilisers. As the
cation exchange complex is likely to consist mainly of humus, farmers need to carefully
manage the organic matter content of this sandy soil in order to maintain what little
fertility there is.
Farmers achieve modest yields of maize (average 500 kg/ha), millet (300 kg/ha), cotton
(300 to 400 kg/ha) and cassava (11 ton/ha fresh weight) on luseni. Cassava is the most
dependable food crop, as the cereal crops regularly fail because of drought, particularly
maize and rice. However, crops grown on luseni do make an important contribution to
farmers' overall food production.
The itogolo soils are widely used for growing rice, which is cultivated with water collected
from the slope. Although these soils have an impermeable layer, it does not really
Table 1
Land resources a n d users on a n average farm in the village territory
(as of March 1995)
Village territory (ha)
Luseni
Itogolo
Inyalala or sofa
Mbuga
Other soil types
Hill top areas
Total village land
Total excluding hilltops
Number of inhabitants
Number of resident families
Persons per km
Number of cattle
Cattle owning households
Persons per ha
Number of cattle per ha
2

a. NS = not

46

486.3
377.0
31.8
18.4
6.4
29.1
949.0
920.0
2,067
390
218
985
22%
2.2
1.0

Farm average (ha)

1.25
0.97
0.08
0.05
NS

a

0.07
2.43
2.36
5.3
2.5

significant
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Table 2
Access to a n d ownership of land (sample size = 40 households)
% of households
with access to this soil
98%

Soil type
____
Luseni

/fogo/o

48%

% of land owned by
the ten largest farms
50%

86%

38%

Inyalala

89%

Table 3
Access to different types of soil (sample size = 40 households)
Farm/household

category

Access to 1 soil type
Access to 2 soil types
Access to 3 soil types
Average farm size for sample

Number of
households

12
17
11
40

Average

farm size (ha)

1.0
2.7
3.0
2.2

Ha per adult
person

0.25
0.75
0.90

constitute a hardpan. The long-term deposition of material from higher up the slope
makes the topsoil rather sandy, but the subsoil is rich in clay and has reasonable CEC
values and nutrient availability, and when water is available these soils can produce
relatively high yields of about 3 ton/ha of rice."
It is generally accepted that farms are more viable when soil of all types is found on their
land, as farmers can then cultivate a variety of cropping systems. Table 2 shows that land
distribution is rather skewed, for while almost every household has access to the relatively
poor luseni, the ten best endowed farms (in terms of land) joindy own half of the luseni
land resources of all the sample farms. They also own nearly 90% of the productive itogolo
and inyalala land in the sample area.
Table 3 shows that the best endowed farms in Mwagala have access to three soil types and
average a modest 3.0 hectares. Land ownership is really critical for the poorest third of the
farming population, who generally only own small amounts of land with a limited range of
soil types. When farms cover only a single soil type it is almost invariably the nutrient-poor
luseni.
As land resources are so limited, people in the village have to look beyond agriculture for
alternative livelihoods. Our interviews with farmers revealed a range of individual
responses to the limited potential to earn a living from farming. The traditional reaction to
overcrowding has been to emigrate to less populated areas north and west of Kwimba
District. Many people also earn seasonal income selling their labour or harvesting the
natural vegetation for firewood and charcoal to sell in the townships. However, as the
hilltops are limited in size and are now almost bare, opportunities in this area are
increasingly limited (Table 1). Another common option for young landless males from the
District is to earn money transporting produce such as tomatoes, beer, milk, chickens and
CHAPTER 2
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firewood to the nearby town of Mwanza, returning with fish from Lake Victoria. Each
product has its typical bicycle rigging.
Many of the farmers who do remain in the District are trying to intensify crop production,
growing tomatoes and off-season maize on inyalala soils to meet the growing demand
from Mwanza. They use buckets to irrigate the crops with water from hand-dug ponds,
and are increasing their use of manure and mineral fertilisers. While this indicates that a
more market-oriented agriculture is developing in the village, only some of the farmers
will be able to exploit the opportunity profitably. Less than 40% of the households have
access to inyalala soils, and the averagefieldsize is about 0.2 ha per household.
Farmers are also growing more cassava now than they used to. In a relatively short time
the traditional late-maturing cassava (which takes two years or more to reach maturity) has
been replaced by varieties that mature early. This may be because the yields of rainfed
cereals such as maize, sorghum and millet having been progressively declining as the
luseni soils become increasingly impoverished. When soil fertility is marginal, cassava
clearly produces more calories per calorie of labour invested than cereals, so this would
seem to be a logical adaptation to changes in the farming system.
The nutrient flow analysis
Assumptions and data used

We analysed the nutrient flows of the crop production systems grown on luseni and
itogolo soils, noting the following observations, assumptions and data when estimating
the nutrient input/output functions:
12

IN 7: mineral fertilisers

Farmers reported that they use less mineral fertiliser than they used to, mainly because it
has become more expensive and there are problems with supply. (This was confirmed by
other surveys.*) One-third of the farmers said that they use mineral fertilisers on luseni,
with average use amounting to the equivalent of 3 kg/ha^ear of nitrogen. More fertiliser is
applied per unit of land to tomatoes grown on inyalala, but as thefieldsare small the
overall amount spent on mineral fertilisers is still modest.
IN 2: organic inputs

To calculate manure production in the village we multiplied the total herd size by 0.75 to
arrive at the number of Tropical Livestock Units (TLU). A TLU represents an animal of 250
kg that annually produces an estimated 1,000 kg of dry dung, of which 650 kg is thought
to be deposited in the kraal. Air dried farmyard manure is estimated to contain 0.5% N,
0.3% P and 1.3% K. These are conservative estimates that reflect the fact that manure is
poorly managed, as it is usually left in the kraal for a long time before being carted to the
fields. The village herd is equivalent to 739 Tropical Livestock Units (see Table 1), and we
estimated that it deposits 480 tons of air-dried manure in the kraals per year. This manure
contains an estimated 2,400 kg of nitrogen, 1,440 kg of phosphorus, and 6,240 kg of
potassium. It is mosdy applied to the sandy luseni soils, and although some is put on the
horticultural crops grown on inyalala this analysis is restricted to its use on luseni (see
Table 1). The results of our study showed that on average one hectare of luseni receives
about 990 kg dry manure per year. This ties in with farmers' reports that they apply
between 800 kg/acre (non-cattle owners) and 1,300 kg/acre (cattle owners) of manure
once every two to three years, which averages out at about 1,000kg/ha/year. This is well
8
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Table 4
Crop yields
Yield (kg/ha)
Average
3,100
500°
300°
300°
11/400

Low

Crop

Rice
Maize
Millet
Seed cotton
Cassava

2,600

4,200

n"
High

3,600

73

18,600

19

a. Data based on farmers' estimates.

b. Number of measurements

from on-farm

trials.

For crop yields, 'high' and 'low' is calculated

as average ± one time the standard

deviation. Although farmers do grow a

variety of grain legumes, the quantities are so small that they have not been taken into consideration

in this analysis.

Table 5
Partial nutrient balance for the luseni crop production system
Field size
(ha)
1.25
1.25

Source/process

IN 1: mineral fertilisers
IN 2: organic fertilisers
Total IN:
OUT 7: crop products taken from field
Cassava; home consumption
0.54
Maize; home consumption
Cotton; marketed
0.38
Millet; home consumption
0.33
OUT 2: crop residues taken from field
Cotton; residues are burned
0.38
Millet; 50% used as construction material 0.33
Total OUT:
1.25
Partial balances for average field (1.25 ha)
Partial balances for the luseni crop production
system per ha (rounded figures)
0

N(kg)

P(kg)

KM

+3.8
+6.2
+ 10.0

NS°
+3.7
+3.7

NS
+ 16.1
+ 16.1

11,400
500
300
300

-10.6
-4.2
-2.7
-1.8

-1.3
-0.8
-0.5
-0.3

-10.6
-1.0
-1.2
-0.5

1,200
525

-3.3
-1.2
-23.8
-13.8

-0.2
-3.1
+0.6

-3.6
-16.9
-0.8

Amounf

(kg/ha)
3
990

-11

0

-1

a. NS = not significant.
b. Relay cropped on the same plot as cassava, maize is harvested well before the cassava crop begins to dominate the field.

below the five tons per hectare generally accepted as the minimum required to sustain
productive agriculture.
O U T 7: crops harvested
The nutrients in crops that are harvested and taken from thefieldare removedfromthe
crop production system. Table 4 gives thefiguresfor average yields, which are partly based
on farmers' estimates and partly based on data from on-farm experimentation.
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OUT 2: crop residues
We estimated the nutrient content of crop residues on the basis of the information
presented in Table 4 and the conversion factors given in endnote 9.
Partial nutrient b a l a n c e for t h e luseni b a s e d c r o p p r o d u c t i o n s y s t e m

Table 5 presents the partial nutrient balance for the crop production system grown on
luseni soils. The inputs and outputs of this system are very modest because, apart from
cassava, only small quantities of nutrients are exported in the form of crop produce or
residues. Livestock are not allowed to graze the maize residues because the cassava is left
standing in the fields after the maize is harvested, and although cassava stems are
occasionally used for firewood, farmers say that only small quantities are taken for
burning. Table 5 shows that few of the major nutrients are extracted because levels of
production are so low. However, although the estimated nitrogen deficit is not considered
to be very serious, it is probable that this is the most limiting factor for production in this
system. This is a normal situation for this kind of nutrient-poor, sandy soil.
13

Partial nutrient b a l a n c e o f t h e i t o g o l o - b a s e d c r o p p r o d u c t i o n s y s t e m

Table 6 shows that more nutrients are extracted from itogolo soils than from luseni soils.
This is because a significant amount of rice is grown on itogolo soils and most of the crop
residues are removed from the fields. Rice straw is increasingly used as thatching material,
even though it is less durable than the grass (Hyparrbenia spp.) traditionally used for this
purpose, which is disappearing along with the commons. Large amounts of rice straw are
removed from the fields through grazing, and it is also used as bedding material in kraals.
In fact, farmers estimate that 90% of the straw is removed for use outside the field of
origin. Most of the nutrients contained in the straw probably end up somewhere near the
homestead and are released from decomposing roof material or found in feed or manure,
if the straw has been used for bedding. While the nutrients are not necessarily removed
from the farm, the itogolo crop production system incurs considerable losses.
Farmers estimate that because of unreliable rainfall they only manage a good rice crop five
out of every eight years, which may actually be a blessing in disguise for the sustainability
of the itogolo crop production system. However, grazing cattle can still remove significant
quantities of nutrients even when farmers do not sow a crop because of poor rains at the
start of the season, or when a standing crop is abandoned after failing to ripen because of
poorly distributed rains.
Discussion a n d conclusions

The itogoloriceproduction system certainly has potential, partly because there are ample
stocks of nutrients in the deeper layers of soil." Although little can currentiy be done to
improve the availability of water, the system's productivity could be significandy improved
using urea without necessarily increasing the risk to the farmer. On-farm experimentation
has shown that urea use is a robust technology, and that nitrogen can be usefully applied
if the doses are timed and calculated according to how the season develops. Experience
has shown that farmers are quite capable of developing their own strategies for this input
without needing much outside guidance."
However, the partial nutrient balance shown in Table 6 indicates there are reasons for

so

PART 2 CASE STUDIES

Table 6
Partial nutrient balance for the itogolo crop production System
(average field sîze, 0.97 ha)
Source/process

Amount

N(kg)

P(kg)

K(kg)

NS°
None

None
None

None
None

(kg/ha)
IN 1: mineral fertilisers
IN 2: organic fertilisers
Total IN:
OUT h crop products taken from field
-rice grain ; on average 40% is sold
OUT 2: crop residues taken from field
-rice straw, 90 % removed and used as
bedding, thatching, etc.
Total OUT:
Partial balances for average field (0.97 ha)
Partial balances for the itogolo crop production
system per ha per year (rounded figures)
b

a. 'NS' = not

0
0

0

0

0

3,100

-21.8

-3.8

-7.3

3,348

-12.6
-34.4
-34.4

-2.2
-6.0
-6.0

-38.4
-45.7
-45.7

-35

-6

-47

significant

b. Farmers estímate that crops will grow successfully every five out of eight years. This has been taken into consideration
estimating nutrient

when

extraction.

concern about nutrients such as potassium. Although on average the stocks of this
particular nutrient may be sufficient now, the picture may well change in the future,
especially if urea is widely used. In the long term the system would benefit from a wellbalanced composite fertiliser that is reasonably economical, or farmers could experiment
on itogolo with a combination of manure and small amounts of urea.
The dominant soil type in northern Sukumaland is the inherently infertile luseni. The
organic matter and nitrogen content of this soil type are 'poor' to Very poor' (see Figure
1), and farmers' general observation that their land is exhausted is confirmed by soil
analysis. The nutrient flow analysis in Table 5 shows that there is a low turnover of
nutrients, and although farmers may hope to increase the soil's productivity by adding
nutrients in the form of fertilisers there is no guarantee that they will actually improve
crop growth. Part of the problem with luseni soils is their low organic matter content,
which results in a low Cation Exchange Capacity (CEC) and high nutrient losses through
leaching, especially when farmers use easily soluble mineral fertilisers such as urea. The
soil's inability to store nutrients efficiendy makes mineral fertilisers potentially
uneconomical, and a major field study on cotton cultivated on luseni in the neighbouring
Magu District recommended against using fertiliser on cotton on these grounds." Farmers
in our study site seem to agree, as they never mentioned using mineral fertilisers on
cotton when we interviewed them (see Table 7). However, the cotton crop does profit
indirectly from fertilisers applied to maize, as cotton is grown in rotation with maize or
cassava.
14

It seems that the key to increasing the productivity of these sandy soils lies in improving
the management of their organic matter content. In such marginal conditions, farmers
need to adopt a variety of complementary soil fertility maintenance practices, such as
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Table 7
Use of manure a n d mineral fertiliser

village forms part of Usagara

Where used

Where used

55%
43%
2%

O n maize/cassava on luseni soils
On horticultural crops on inyalala soils
O n rice on /fogo/o soils
fa. Fertiliser use in Usagara

Farmers using
mineral fertiliser

77%
70%

In Mwagala village"
Overall for Usagara Division"

a Mwagala

Farmers using
manure from ccrft/e

Division. Data for Usagara

relates to the 1989/90

35%
30%

35%
57%
8%

Division come from Ravnborg.

season.'* Other data come from this survey.

using manure on cotton inter-cropped with legumes like cowpea. Mineral fertilisers also
have a useful role to play when judiciously combined with sources of organic matter.
However, one of the limitations of this strategy is that manure is not available in large
quantities. Farmers who own cattle say that they can no longer afford to keep large herds
nearby because there is no space for grazing. The figures for this farming system reveal
that on average two people have to share one hectare of land with one head of cattle (see
Table 1). Over the years cattle have been progressively pushed out of the system, and
these days many animals are kept permanendy in the south-west of the Lake Zone area,
where there is still a considerable amount of open land available for grazing.
Farmers need to concentrate on improving and increasing their manure production.
Surveys indicate that manure is currendy poorly managed and subject to significant losses,
and it was found that some kraals had not been moved for such a long time that their
underlying soil was seriously polluted. When soil fertility levels on half of their land are
so low, farmers simply cannot afford to let nutrients go to waste in this way.
Regional development programmes need to work with farmers on integrating domestic
animals more closely into the crop production system. For example, increasing stabled
animal's milk production would not only offer farmers the opportunity to increase their
income from selling the milk in Mwanza, but would also enable them to produce more
manure. This would certainly not answer all their problems as many farmers have no
means of transporting manure to their fields, but it is one of many issues that an
integrated approach to agricultural development should also be addressing.
No strategy for enhancing the sustainability of land use can be effective unless the
available agricultural resources are used efficiendy. Essentially this is not a matter for
research but boils down to using known technologies and practices that are based on
continued diagnostic and trial work with and by farmers. One way in which farmers could
improve their productivity and soil fertility is by recycling nutrients within the farm
systems. Table 8 shows the three main destinations for plant nutrients once they have left
the field:
1. Crop produce sold at market: these nutrients are definitively removed from the farm;
2. Domestically consumed crop produce: some of these nutrients end up in pit latrines
and some in household refuse;
8
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Table 8
Annual total of nutrients mobilised on a n average farm
(the average farm is taken as 1.25 hectare of luseni a n d 0.97 hectare
of ftogo/o soil; figures are rounded)
Places where nutrients in crop production end
Nutrients in marketed crops"
Nutrients in locally consumed food crops
Nutrients that arrive in the compound as crop residues

N(kg)
15
30
14

P(kg)
2
5
2

K(kg)
4
16
42

a. Including nitrogen lost while burning cotton crop residues, see Table 5

3. Crop residues removed from the field in various forms and taken to the compound to
be used as animal fodder, thatching material, bedding in kraals, etc.
When losses are expressed on a per hectare basis, only a modest amount of nutrients
leave the farm in crops sold on the market. Far more end up in or near the homestead,
and the compound is one obvious place to look for ways of recovering nutrients and using
them more efficiendy. The nutrient balances for the two crop production systems (Tables
5 and 6) offer more clues to where farmers could improve their soil fertility management
strategies. They could use their nutrient resources more efficiendy by cultivating home
gardens in or near the compounds, where the soil is often more fertile than on other parts
of the farm.
One of the advantages of home gardening is that it does not entail transporting manure to
distantfields,which is a recurrent problem for farmers. Another benefit is that it can
improve food security. Home gardening is becoming an increasingly important means of
sustaining the livelihoods of people in areas of high population pressure elsewhere in
Sub-Saharan Africa. It is based on the intensive cultivation of high value and high yield
crops, which are fertilised with organic matter collected in or around the compound such
as kitchen ashes, animal dung, discarded roofing material, household refuse, or dust
swept from the compound floor. Home gardens may be surrounded by live hedges that
protect the crops within, are a source of green manure, and also yield firewood,
construction wood, and special products such as medicines.
CatdeK)wning households can integrate their home garden and kraal by fencing off a piece
of land and dividing it up into three sections. One section can then be manured by
kraaling the household's animals in it overnight, while the other two are used to grow
crops. The size of the sections and speed with which they are rotated should be based on
size of the herd and the amount of manure the land requires, which is relatively simple to
calculate.
17

The northern Sukumaland narrow valley farming system certainly operates against a
number of constraints, most notably the poverty of its luseni soils. The current low levels
of production (even when mineral fertilisers are used) have shown that the sandy soils are
too marginal for farmers to rely on cash crops such as cotton for their economic future,
unless they are prepared to invest heavily in increasing the soil's organic matter content.
One area where agriculture in this region could develop is in supplying the growing
market with high value products such as milk, eggs, chicken, vegetables and rice, etc.
Kwimba District is geographically well positioned to exploit this potential, as the rapidly
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expanding town of Mwanza is easily accessible from most villages by bicycle or small
motor vehicles.
Notes
1. Farming System Research Programme, Ukiriguru, Tanzania.
2. See Chapter 2 of Part I for more information on catenas. Useful discussions on the concept of catenas and their
influence on land use are found in Milne G (1935) 'Some suggested units of classification and mapping, particularly
for East Africa'. Soil Research 4:183-195; Vierten HID, Stoop WA (1990) 'Changes in West African savanna
agriculture in response to growing population and continuing low rainfall'. Agriculture, Ecosystems and
Environment 31:115-132; and Stoop WA, Brlnkman WJ, Veldkamp WJ (eds) The "Ibposequence Concept. Methods
for linking partners in on-farm research for rural development. Working Paper series no. 1. Amsterdam, The
Netherlands: Royal Tropical Institute.
3. According to the FAO Soil Classification, luseni is a Ferralic Arenosol, myalala a Plinthic Arenosol, itogolo a GleyicEutric Cambisol and mbuga a Pellic Vertisol.
4. For more information see Rounce NV (1946) The agriculture of the cultivation steppe of the Lake, Western and Central
Provinces. Department of Agriculture Tanganyika Territory. Cape Town, South Africa: Longmans, Green and Co.;
Milne G (1947) 'A soil reconnaissance journey through parts of Tanganyika Territory, December 1935 to February
1936'. Amani memoir of 1936 reprinted inJournal of Ecology 35:192-265; and Meertens HCC, Ndege LJ,
Enserink HJ (1995) Dynamics in farming systems: changes in time and space in Sukumaland, Tanzania
Amsterdam, The Netherlands: Royal Tropical Institute.
5. The Lake Zone FSR Project made use of Farmer Research Groups (FRGs) that had been organised (and partly selforganised) to test a series of proven technologies: new crop varieties, ox-drawn weeders, product conservation
techniques, etc. For a short account of the FRG approach used by the project, and preliminary results, see Norman
DW, Worman FD, Siebert JD, Modiakgotla E (1995) 'The farming systems approach to development and appropriate
technology generation'. PAO Farm Systems Management Series no. 10:153-156. Rome, Italy: FAO.
6. Reference is notably made to Smaling EMA (1993) An ecologicalframework for integrated nutrient management with
special reference to Kenya PhD Thesis. Wageningen, The Netherlands: Wageningen Agricultural University.
7. The results presented in this case study have already been published/presented in a more extended form as Budelman
A, Mizambwa FCS, Stroud A, Kileo RO (1995) The application of the nutrientflow analysis in land use diagnostics:
the case of North Sukumaland, Lake Zone, Tanzania Paper presented at the IIED/FARM-Africa Workshop,
November 26 to December 2,1995. Soddo, Ethiopia. Also as Chapter 2 in Budelman A (1996) hi search of
sustainahility - Nutrients, trees and farmer experimentation in North Sukumaland agriculture. Working Paper
no. 16. Mwanza, Tanzania: ART! Ukiriguru/Amsterdam, The Netherlands: Royal Tropical Institute. Finally, the text
was presented to the Catena workshop in Sikasso, Mali in August 1995, Budelman A, Mizambwa FCS, Stroud A,
Kileo RO (1997) 'Nutrient flow analysis in land use diagnostics: the North Sukumaland narrow valley catena
system'. In: Stoop WA, Brinkman WJ, Veldkamp WJ (eds) The Ibposequence Concept: methodsfor linking partners
in on-farm research for rural development. Working Paper series no. 1: 41-60. Amsterdam, The Netherlands: Royal
Tropical Institute. The various texts and titles differ because of their evolution over time, as well the editorial
processes involved.
8. For details see Ahmed AH, Autreve A van, Binder K, Haag W, Katinila N, Merltan R, Ravnborg HM (1990) An analysis of
agricultural and livestock systems in Usagara Division, Tanzania; and Ebong C, Gijsman A, Husson O, Kivunge K,
Li X, Rusami E, Timmermans M, Wongchanapal P (1991) An analysis of agricultural and livestock production
systems in Misungwi Division, Lake Zone Tanzania. Both studies were undertaken by ICRA, Wageningen, The
Netherlands: International Centre for development-oriented Research in Agriculture.
9. Notably Rounce NV (1946) The agriculture of the cultivation steppe of the Lake, Western and Central Provinces.
Department of Agriculture Tanganyika Territory. Cape Town, South Africa: Longmans, Green and Co.
10. Crop nutrient content data are summarised in the Table below. The data are mostly derived from Duivenbooden N van
(1992) Sustainabilay in terms of nutrient elements with special reference to West Africa Report 160. Agricultural
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Nutrient content
N%

P%

K%

Notes

grain

1.16

0.20

0.39

Conversion factor grain to straw = 1 . 2

straw

0.62

0.11

1.89

Maize grain

1.55

0.29

0.35

0.31

0.48

Crop
Rice

Millet grain

1.85

straw

0.70

0.09

2.09

2.33

0.41

1.01

0.73

0.09

1.11

0.42

0.05

0.42

Seed cotton
residue
Cassava roots

Intercropped with cassava
Conversion factor = 1.4

straw

Conversion factor = 3.5
Conversion factor = 4.0
Dry matter = 0.41 x fresh weight

Research Department, Wageningen, The Netherlands: Centre for Agrobiological Research. Data relating to the
production and nutrient content of manure are taken from Stoorvogel JJ, Smaling EMA (1990) Assessment of soil
nutrient depletion in Sub-Sabaran Africa, 1983-2000. Volumes I-IV Wageningen, The Netherlands: The Winand
Staring Centre.
11. Kajiru GJ, Kileo RO, Stroud A, Budelman A (1998) "Validating a fertiliser recommendation across a diverse cropping
environment'. Nutrient Cycling in Agroecosystems 51:163-173.
12. There was not sufficient information on vegetable and sweet potato cultivation on the relatively wet inyalala to do a
separate nutrient extraction analysis. Collecting information is a complex process, and as this cropping system is
highly diverse and harvesting is a rather piecemeal affair, it is difficult to obtain reliable figures for yields.
13. There are frequent thunderstorms in the Lake Zone, which result in the rainwater containing considerable quantities of
nitrogen. It is estimated that 8 kg/ha of nitrogen is deposited in rainwater every year; Bootsma HA, Hecky RE (1993)
'Conservation of the African Great Lakes: a limnologlcal perspective'. Conservation biology 7(3): 644-655.
14. See also Part 1 of the Resource Guide, Chapter 3, Table 3.4. An organic matter content of <0.9% is considered 'poor';
for lusent soils it is on the order of 0.4 %. Nitrogen contents of <0.05% are supposedly 'very poor'; N percentages
of 0.03 have been recorded in lusent
15. Linde M van der, Heemskerk WCS, Kaitaba EG, Law LI (1995) Ginnery location study, Tanzania Wageningen, The
Netherlands: Winand Staring Centre/Rotterdam, The Netherlands: Economic Institute/Amsterdam, The Netherlands:
Royal Tropical Institute/Ianga, Tanzania: National Soil Service.
16. Ravnborg HM (1992) Sensing sustainability: Farmers as soil resource managers. CDR Working Paper 92.6.
Copenhagen, Denmark: Centre for Development Research.
17. See Lagemann J (1977) Traditional African farming systems in eastern Nigeria: an analysis of reaction to increasing
population pressure: 30-41 for Nigeria. Munich, Germany: Wfeltforum Verlag.
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PART 2 CASE STUDIES

3 . Irrigated rice farming in the
Office du Niger, central Mali
Ibrahim Dembelé, Loes Kater, Idrissa Dicko, Arnoud Budelman'

Introduction

Rice farming in central Mali is an illustration of what can happen to productivity when the
conditions are right: when soils are relatively fertile, there is a functioning marketing
infrastructure and a reliable water supply. This case study is based onfleldworkdone in
the village of Tissana, which is one of the many settlements of so-called 'colons' in the
irrigated area administered by the State-run Office du Niger (ON). The scheme started in
1932 when the Niger valley was sparsely populated. It was originally intended to produce
cotton, but in the early 1970s cotton was abandoned as the main crop and replaced by
rice. The area currentiy comprises 55,000 ha of irrigated rice land, where farmers now also
produce off-season vegetables as an increasingly significant alternative source of income.
The ON is one of the oldest and biggest irrigation schemes in West Africa. Its long history
is part of the heavy State involvement in the country's agriculture, both in terms of
influencing production and marketing produce. Although it has often been criticised, the
ON has always managed to provide the conditions essential to productivity. It supervised
land and water use (evicting farmers who did not meet their obligations), organised the
supply of inputs (including fertilisers and seeds) and stimulated the use of animal draught
power. It also bought the crop yields at a guaranteed price minus any credit taken by
farmers (and often subject to late payment), and took care of milling the rice and selling
it. Finally, the ON ran an extension service that advised farmers on how to improve their
productivity.
By 1982 the scheme's physical infrastructure and management was in need of an overhaul,
and the Netherlands government became one of the major donors to fund the renovation
through the ARPON project. One of the funding conditions was that the Malian
government liberalise production and marketing, and give the farming families more
influence over the scheme's management. Land was levelled and the irrigation
infrastructure was rehabilitated, village-based credit schemes were established, and more
attention was focused on mechanisation and small-scale rice threshing. In 1984 Village
Associations (AVs) were established to facilitate local management. They were responsible
for buying and distributing fertilisers and threshing with small motorised machines. The
profits generated by these threshers were an important source of funding for the
associations, which were also supported by the Village Development Funds (FDV), which
provided credit for inputs.
The rehabilitation of the scheme rapidly improved productivity, pushing yields up from
1.5 to 5.5 ton/ha. The slow process of liberalisation began in 1984, but it took until 1991
before the private sector had any real significance in marketing. The ON has gradually
withdrawn from its wide-ranging (and effectively rather suffocating) role, and the AVs now
control the marketing of inputs and produce. By 1994, after ten years of gradual change,
the ON settled into its new and leaner role supplying water and information to farmers,
allocating land and maintaining the infrastructure.
This case study is the result of collaboration between the farming system research team of
2
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the Centre Regional de Recherche Agronomique based in the town o f Niono and European
research and development institutes. The village of Tissana was one of four sites where
the FSR team from Niono worked with groups of farmers to improve their understanding
of local strategies for managing sou fertility. On-farm resourceflowswere monitored over
three years as researchers and farmers worked collaboratively,followingthe principles of
participatory learning and action research (PIAR). This case reports on the way farmers
manage the fertility of their soils.
4

5

Methodology

The research in this case study was based on PLAR and formal survey methods. The PIAR
process consists of four phases: 1) diagnosis/analysis, 2) planning activities and actions on
individual farms, 3) implementing these activities, and 4) evaluating them. While the
diagnostic and analytical phases are only carried out at the beginning of the PLAR, the
other phases are repeated on an annual basis.
T h e d i a g n o s t i c p h a s e : a n a l y s i n g o n - f a r m diversity a n d soil fertility
m a n a g e m e n t strategies

A group of farmers were chosen by the village assembly and asked to identify factors that
they considered important for managing soil fertility in their village. Their list of factors
fell into two categories: socio-economic factors such as the number of adult workers in a
household or the number of draught oxen at the disposal of a household, and those more
direcdy related to managing soil fertility, such as manure production. Having identified
these factors several farmers were then chosen to classify all the farms in the village. They
identified three classes of farmer: 'the most capable managers' (Class 1), 'managers of
average capability' (Class 2) and 'the least capable managers' (Class 3). This was done
through a process of compromise that did not necessarily take account of the agreed
criteria, as farmers may have implicidy used criteria unknown to the participating scientist.
Neither the classification as a process nor its outcome can be considered to be objective,
but the main point is that the classification can be used as the basis for defining activities
with farmers.
The next step was to select a number of farmers and to analyse their farm and
management practices by making resource flow maps (RFMs). They used big sheets of
paper to draw the flows of resources in and between all theirfields,the compound, the
kraal, etc., and noted the estimated quantities of each flow. This visual record of the use of
organic and mineral fertilisers and crop residues was then used as the focus for group
discussions about the strengths and weaknesses of each individual farmer's soil fertility
management.
Planning, i m p l e m e n t i n g a n d e v a l u a t i n g activities u n d e r t a k e n by f a r m e r s

A second map was drawn of the farm, this time to plan the next season's farming activities.
How much fertiliser would be used, and where? How much crop residues would be
collected and what would they be used for? Which activities were planned for improving
fertility management? At the end of the season individual farmers and researchers used the
planning maps to evaluate the planned activities that had actually been implemented, and
all the farmers participating in planning activities then discussed the evaluations as a
group.
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T h e partial nutrient b a l a n c e m o d e l

The partial nutrient balance model used In the study is a simplified version of the
analytical framework of Stoorvogel and Smaling. The input and output functions used in
the partial balance are as follows:
6

IN 1 = application of mineral fertilisers: urea and di-ammonium phosphate (DAP)
IN 2 = application of organic materials: animal manure
OUT 1 = grain produced
OUT 2 = crop residues removed from the field; burning (loss of N), residues grazed or
used as fodder
These resource flows are the result of farmers managing their farming enterprise, and are
all visible to the naked eye. They are therefore easy for anyone participating in the PLAR
process to understand, and data are relatively easy to collect and quantify. The rice crop
production system was used as the unit of analysis for partial nutrient balances.
C a l c u l a t i n g partial nutrient b a l a n c e s

Data from the resource flow maps are collected on monitoring forms that are then fed
into a computerised data base. This data base is used to calculate the yields (output), the
amount of fertiliser used per hectare on a given crop (input), to quantify the use of crop
residues (output), and to compute the partial nutrient balances. This case study only
considers rice because it is by far the most important crop. We have calculated the partial
balance between inputs and outputs, and calculated the crop residues using the grain-tostraw conversion factor of the rice crop. The conversion factor equals 1.2 for the short
straw cultivars found here.
The data presented in the partial nutrient balances were collected from the resource flow
maps (RFMs) and planning maps drawn up by farmers in Tissana from 1995 to 1997
inclusive. The flows represent the inputs to and outputs from the rice production system.
We used data from several publications to transform resource flows into nutrient flows.
The partial nutrient balances presented below are based on farmers' information and are
therefore based on farmers' estimates. Our aim was to record and monitor the farms'
resourceflowsand to analyse them as a function of the farm classes. Despite their
shortcomings in terms of precision, we consider the results trustworthy enough to
represent the resource flows on the farms, and the information they provide is useful in
discussions between farmers and extension agents. All calculations were done with figures
with one decimal, which were then rounded to thefinalfiguresfor the partial balances
presented at the bottom of the Tables.
7
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Agricultural production in Tissana

A total of 20 farmers and their household members took part in the PLAR process, which
lasted for three years. During this period one farming family broke up, one left in the final
year of the study and one was voluntarily added. (This family was not included in the
analysis of data.) The diagnostic work and the various resource flow maps made by
farmers over the three years give detailed information about the resources available on
individual farms, the rice they produced, how much of which inputs were used, and what
happened to the crop residues.
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Table 1
Average resources available to each class of farms
Farm class

Class 1
Class 2
Class 3

Number
of farms

8
7
5

Area
Number
irrigated (ha) of adults

6.7
3.9
1.5

11.0
9.7
3.6

Number of Number
draft oxen
of donkeys

4.3
4.0
1.4

1.8
1.7
1.2

Donkey carts
per farm

1.4
1.7
0.8

Table 2
Relative availability of resources on the farm, a n d the economy of scale
Farm class

Class 1
Class 2
Class 3

a. Rice produced

Ho per adult

0.61
0.40
0A2

per adult as art indication

Ha per draft oxen

1.6
1.0
1J

Rice production/season per adulf (ton)

2.7
1.7
L8

of the 'economy of scale' is based on the production

over three seasons; see

Table 4

Table 1 gives the essentials regarding the farms' available resources, such as land, active
farm hands and draught animals. These factors are the same as those listed by farmers as
criteria for classifying the three different classes of farms.
9

Table 1 shows that the distinctions farmers made between the different classes of farms
were partly based on their available resources. For example, the 'most capable soil fertility
managers' generally cultivate more land with the help of more able-bodied farm hands.
Table 2 shows that if the information in Table 1 is expressed another way it accentuates the
differences between the classes. Circumstances apparendy favour Class 1 farmers more
than those in the other two classes. With a higher land-to-worker ratio farmers in Class 1
achieve significantly better results in terms of rice production per worker ( + 50%). There
seems to be some kind of 'economy of scale' operating, as on average Class 1 farmers
produced more efBciendy over the three year period of the study.'
Table 3 shows the inputs used over three seasons expressed in quantities per farm and per
hectare. Comparison is possible with recommendations promoted by the extension
service. The Table shows that farmers do follow the recommendations for applying urea
and DAP when cultivating rice during the rainy season, but that manure is used much
more erratically. In most seasons fewer than 50% of the farmers used manure, and they
only applied it in limited quantities. They obtain small amounts of it from their few
resident animals (notably oxen and small ruminants), orfromthe kraals of the Peulh who
live just beyond the boundary of the irrigation scheme. It is not freely acquired and must
be paid for either with money or in kind, with tea and sugar.
Although on average none of the farmers managed to apply the recommended dose of
organic manure, the general impression given by the data is that they do take care to
60
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Table 3
Average inputs applied by each class of farm; average data
for three seasons (1995-1997)°

Farm class

Class 1
Class 2
Class 3
a. Quantities

Input per farm
DAP (kg)
Manure (carts)

Urea

Input (kg/ha)
DAP

Manure

203
222
225

96
102
99

173
250
282

per ha: urea 200 kg; DAP 100 kg; manure 2,500

kg/season

Urea (kg)

1,357
875
338
recommended

642
403
148

14.5
12.3
5.3

Table 4
Average rice production per farm a n d yield per h a for each class of farm

Farm class

Class 1
Class 2
Class 3

Average for three seasons (1995-1997)
Ton/farm
Ton/ha

29.5
16.8
6.4

4.4
4.3
4.2

fertilise the rice fields correcdy. Table 4 gives the yields per farm class and the results per
hectare.
Discussions with farmers during the PLAR process revealed that they are well aware of the
benefits of using manure. Some mentioned that they feared that one-sided use of urea and
DAP would eventually reduce the quality of their soils and affect productivity, and many of
them also reported that mineral fertilisers had become more expensive since the
devaluation of the Franc CFA in 1994. Table 3 shows that on average most farmers use
considerable quantities of mineral fertilisers, so one of their priorities will be to find
alternative sources of fertility" and more efficient ways of using them. The low levels of
manure use should not be interpreted as a failure to understand its importance as a
source of fertility.
The main reason why so little manure is used on the rice fields is that farmers have very
limited access to it, largely because of the way cattle are managed in the context of the
irrigation scheme. Although there are many animals in the area around the irrigated zone,
about 60 to 70% per cent of them belong to people living in Mono or to 'colons', in which
case Peulh herdsmen look after them in a profit-sharing arrangement. After the harvest the
cattle spend about 6 months in the rice fields grazing on straw and regrowth.
According to some estimates around 72,000 head of cattle occupy an area of about 27,000
ha after the harvest. The fields are thoroughly grazed, and farmers estimate that livestock
remove between 80 and 98% of all residues. While the farmers usually collect some rice
straw to feed their resident oxen and donkeys they cannot take much because they only
have limited storage space, so most of the rice straw is removed by passing animals.
Ultimately it is the cattle owners who benefit from the arrangement, as uncultivated fields
lose a significant amount of nutrients to grazing livestock. As many of these animals
10
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belong to people who do not cultivate the irrigated rice scheme, they are enjoying free
grazing at the expense of the rice growers, particularly the Class 3 farmers who lose the
most as they own very few large animals. Although the grazing animals drop dung on the
fields, most of it stays with the Peulh, whose herds spend the night in kraals on the edge
of the irrigated land. The dung left on the field has little impact on soil fertility because
after six months lying around in the dry season most of the nitrogen is lost, and the rest of
the material usually turns to dust and is blown away by strong winds at the end of the dry
period.
In the final analysis rice residue consumption costs farmers dearly in terms of nutrients
lost, while the profits are not very clear; cattle fed only on rice straw will not be very
productive unless they are given a good supplementary source of protein. The Office du
Niger's general plan to intensify crop production takes very little account of the role cattle
play in the whole farming system, and would seem to be marginalising them as it is
difficult to integrate extensive livestock rearing and double cropping. Add to this the
eternal issue of cattle damaging the irrigation infrastructure and the increasing number of
farmers taking up vegetable production in the dry season, and conflicts between livestock
keepers and farmers seem set to increase in the future.
15

14

Partial nutrient balances

It is possible to develop nutrient balances for any rice farming situation provided that
figures are available for rice production and the use of fertilisers and crop residues. This
involves making a number of assumptions about the nutrient content of the various
products concerned, which are presented in the Table in note 8. The nutrient content of
urea and DAP is usually accurately specified on the fertiliser bag. When calculating the
balances we assumed that an average donkey cart of manure has a dry weight of 80 kg,
and we estimated straw production by multiplying the rice grain weight by the conversion
factor 1.2. We assumed that when crop residues are burned only nitrogen is lost.
Table 5 is an example of how this information can be used to produce a partial nutrient
balance. It shows the average nutrient balance for the 1995 season for farms in Class 1, the
'most capable' soil fertility managers.
Thefiguresin Table 5 confirm what has previously been argued in qualitative terms.
Farmers' careful adherence to the recommended doses of urea and DAP fertilisers has
resulted in positive partial balances for nitrogen and phosphorus. The partial balance for
potassium confirms our analysis of the negative effect of free grazing, as the small amount
of potassium in the manure applied by farmers is not sufficient to compensate for these
losses. The outcomes of the nutrient flow analysis shown in the partial balance support
the idea that in the long run farmers would be better off using a compound fertiliser.
As the average yields and inputs over the three seasons are so similar (see Tables 3 and 4),
there is not much difference between the average partial balances for this period, which
are shown in Table 6. The pattern for nitrogen, phosphorus and potassium is the same as
the average balance over a single season for the Class 1 farmers (see Table 5). This
similarity in outcomes obviously masks some variation in performance, which would be
revealed by a closer look at individual farms. On the whole, however, we are looking at a
remarkably stable system in terms of inputs and outputs. The fact that the water supply is
assured is probably the most important single factor affecting performance.
15
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Table 5
Example of a partial nutrient balance for a n average Class 1 farm,
1995 rainy season
Source/process

IN 7:
/N2:
Total IN
OUT 7:
OUT 2:

urea 1,403 kg
DAP 694 kg
manure 16.6 cart loads
Rice grain 32,288 kg
Rice straw 38,746 kg
Residues grazed 73%
Residues burned 16%
Forage 9%

Total OUT
Balances for average farm
Partial balances per hectare, per year
(rounded figures)

N(kg)
645.4
124.9
13.3
783.6
393.9
203.6
44.6
25.1
667.2
+ 116.4
+17

P(kg)

K(kg)

145.7
2.7
148.4
64.6

17.3
125.9

31.1

452.6

3.8
99.5
+48.9

55.8
634.3
-617.0

+7

-92

Table 6
Average partial nutrient balance over three seasons for
each farm class (kg/ha)
Farm class

Class 7
(n= 8 farms)
Nutrient
N
K
P
IN 7:
Urea
93.2
DAP
17.2 20.1
IN 2:
Manure
0.3
1.7
2.2
Total IN
20.4
112.1
2.2
OUT 7: Rice grain
53.8
8.8
17.2
OUT 2: Residues used 34.3
5.2 7 6.2
Total OUT
88.1
14.0 93.4
Partial balances per
+24
+6
••91
hectare, per year (rounded figures)

Class 2
( n = 7farmsj
P
K
N
103.2
18.6 21.7
2.5
0.5
3.3
124.3 22.2
3.3
52.6
8.6 16.8
33.5
5.1 74.5
86.1
13.7 91.3
+38

+9

-88

Class 3
(n=5 farms)
N
P
K
103.7
17.8 20.7
0.6
2.8
3.7
124.3 21.3
3.7
8.5 16.6
51.7
5.0 73.3
32.9
84.6 13.5 89.9
+40

+8

-86

Table 7 gives a more detailed picture of how each class performed over the three seasons
that their farms were monitored. It shows the average ratio kg rice produced (:) kg
nitrogen supplied as an indicator of the efficiency of production. The sources of nitrogen
covered in this Table are urea, DAP and manure.
Regression analysis based on the ratios for how efflciendy each farm used its sources of N
revealed that neither class nor seasonal differences are statistically significant. However,
we observed that between classes the differences favour Class 1 farmers (who had already
emerged as the most efficient producers), and that there were more marked differences
CHAPTER 3

63

Table 7
Rice yield per k g of N supplied as a function of farm classes
a n d seasons ('N-use efficiency ratio')
Form class
Season

Class 7

Kg rice/kg N supplied
Class 2
C/ass3

Average

Difference in %
from average

1995

44

40

37

40

+13

1996

37

31

30

33

-9

1997

37

32

34

34

-3

Average
Difference in %
from average

39

34

34

36

+ 10

-4

-6

between seasons than between classes. These were related to variations in yield rather
than total applications of nitrogen, which were actually fairly constant. In 1995 average
yields were 5.0 ton/h, in 1996 3.7 ton/ha and 1997 4.3 ton/ha. Farmers explained these
variations as being due to widespread drainage problems during heavy rainfall, which
were particularly prevalent in 1996 and which affected subsequent yields.
Discussion a n d conclusions

We are well aware that not all the data used to analyse and quantifyflowsare precise. The
data relating to nutrients added to the system in the form of mineral fertilisers are reliable,
but the amounts of rice produced per farm will be less accurate, as a certain amount is lost
during threshing. When this is done by hand some rice is set aside for any members of the
threshing party who do not belong to the household and some is left on the stalk and
collected later, but usually not recorded. A certain amount is also left on the field after
harvesting, which may be reaped by people who do not own the field. Officials from the
Office du Niger estimate that rice harvests are routinely under-reported by up to about
20%. Estimates for straw production will also be inaccurate as they are based on the
figures for grain yields, and other data such as estimates of the amount of manure brought
to thefieldswill probably be even more unreliable.
These variations in the precision of data are inherent in the methodology used, although it
is always possible to make data collection more precise if it is deemed necessary and if
funds are available to do so. When monitoring fertility management in the future it would
make sense to collect more precise data on factors such as variations in the weight and
nutrient content of a cartload of manure, and to look into ways of estimating rice yields
more accurately. This will make it possible to give statistical confidence intervals for
nutrient extraction. It would also be useful to gather data on dung dropped in the field
while animals graze the straw.
As the soils have very low levels of available nitrogen and low to average levels of available
phosphorus farmers achieved good results from applying both nutrients in the form of
urea and DAE Potassium levels are good, as there is about 600 kg/ha immediately available
for uptake by plants in the first 40 cm of soil. This suggests that there are significant
reserves of this nutrient, and also explains why fertiliser trials including potassium so far
have not resulted in rice yield increases in the Niono area. However, although the
potassium levels may look reassuring there could be other nutrients with much lower
16

17

18
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Table 8
Development of in situ compost making, 1995-1999
Form class
Class 1
Class 2
Class 3
Farmers in sample"

Number of farmers composting during rainy season

7995
0
0
0
0/20

7996
1
3
0
4/21

a. In 1996 one farmer outside the sample spontaneously

7997
3
4
0
8/22

7998
0
3
0
3/22

7999
0
2
0
2/22

started making compost; and in the 1997 season two farmers did

so. In all three cases farmers outside the sample of 20 belong to Class 2

inherent stocks, such as magnesium, sulphur or one of the essential spore elements such
as zinc. If farmers continue their rather one-sided use of fertilisers, the stocks of essential
nutrients other than N and P may become seriously depleted." This may have already
happened in the Macina area east of Niono, where irrigated cultivation was begun far
earlier than in Tissana, and where soils are generally more sandy and less naturally fertile.
If the irrigation scheme is to remain sustainable in the long term, farmers will need to
broaden the range of nutrients they apply to their soils, and work must be done to
develop a compound fertiliser that corresponds to the actual nutrient extraction in this
type of cultivation.
However, although the overall sustainability of the irrigation scheme would be improved
by broadening the range of nutrients applied in mineral fertilisers, farmers still need to
use organic supplements to keep their soils productive. Cattle manure would be a logical
choice of supplement, which makes the uneasy relationship between crop growers and
cattle keepers doubly unfortunate. If there was enough grazing land available outside the
scheme, cattie owners could sell manure to farmers who need organic sources of fertility,
which would supplement the nutrient reserves of land under irrigated rice. The problem
is that there are now so many animals that they cannot survive the dry season without rice
straw, and our analysis suggests that cattle actually extract more nutrients from the
irrigation scheme than they contribute to it.
20

21

22

It is therefore becoming increasingly important for farmers to find alternative sources of
organic fertiliser." During the PLAR in Tissana, some farmers started composting rice crop
residues in the field as a result of what they had learned through the process (see Table 8).
This method is particularly appropriate here as water is abundandy available, and some of
the urea saved can be used in the compost pit to speed up the decomposition of the straw.
Farmers with limited access to transport could certainly benefit from in situ composting,
although not many Class 3 farmers seemed interested in the idea, probably because they
lack sufficient available labour. Only two farmers continued composting through the 1998
season when the PLAR was over, but there were two other developments relating to soil
fertility management. Firsdy, farmers in Tissana started large-scale cultivation of vegetables
in the rice fields, burning rice straw and effectively barring animals from entering their
fields. Secondly, a number of farmers began stall-feeding resident animals and producing
manure from their dung. The production of off-season feed crops could become a
profitable option that would further stimulate stall-feeding, and would be an important
CHAPTER 3

65

way of keeping oxen in condition so that they can provide the draught power to make the
main season a success.
Notes
1. Institut d'Economie Rurale, Niono, Mali.
2. Before the Office du Niger came into being and started land development the area was poorly populated. Most of the
inhabitants were indigenous people known as the 'Kala'. Most of the villages are now populated by people from
outside - Bambara, Minianka and Peulh (who previously only kept cattle), who grow rice. These people are known
as 'colons', or setders. The villages differ in ethnic composition and size, with populations ranging from 900 to
2,800. (See Soumaoro and co-workers, who studied a sample of seven villages). Other differences relate to the
average amounts of land available to each family (2.6 to 5.3 ha in the sample mentioned), debt burden and the
availability of draught power and farm equipment. For details see Soumaoro S, Karabenta O, Ducrot R, Bah S,
Traoré OB (1996) Evolution des coûts de production dans les parcelles rizicoles d'hivernage des zones de Niono et
Molodo; campagne 95/96. Version provisoire. Niono, Mali: Unité de Recherche Développement Observatoire de
Changement (URDOC).
3. For a short history of the Office du Niger see Mendez del Villar P, Sourisseau JM, Diakité I. (1995) Les premiers effets de
la dévaluation sur les filières riz irrigué au Sabel. Le cas de Mali Bamako, Mail: IER/Paris, France: CIRAI). More
extended texts are found in Schreyger E (1984) L'Office du Niger au Mali. Wiesbaden, République Fédérale
d'Allemagne: Harmattan, and Jamin JY (1995) De la norme à la diversité: l'intensification rizicole face à ta
diversité paysanne dans les périmètres irrigués de l'Office du Niger. Montpellier, France: CIRAD-SAR.
4. Toulmin C, Scoones I (1998) Dynamics of soilfertility management in savanna Africa. Final Report Research funded
by the European Commission's DCXII Science and Technology for Developing Countries (STD3) Programme.
London, UK: International Institute for Environment and Development/Brighton, UK: Institute of Development
Studies.
5. DefoerT, Budeiman A (eds) Managing soilfertility. A resource guide for participatory learning and action research.
Textbook, Amsterdam, the Netherlands: Royal Tropical Institute/London, UK: International Institute for
Environment and Development. See Part 1, Chapter 6 and Part 3, the cards.
6. See Stoorvogel JJ, Smaling EMA (1990) Assessment of soil nutrient depletion in Sub-Sabaran Africa, 1983-2000.
Volumes I-IV Wageningen, The Netherlands: The Winand Staring Centre, and Smaling EMA (1993) An agroecologicalframework for integrated nutrient management, with special reference to Kenya PhD Thesis.
Wageningen, The Netherlands: Wageningen Agricultural University.
7. In fact, we only look at rainy season rice cultivation. Although there is a certain amount of cultivation during the dry
season (particularly vegetables and rice) less land is cultivated than in the main season. Officials of the Office du
Niger estimate that less than 5% of the total irrigated area is cropped during the dry season Q. Ngoro (1999)
Personal communication). In Tissana, farmers are relatively active during the off-season: in the 1996 dry season
Class 1 farmers cultivated an average 1.73ha or 26% of the irrigated area; Class 2 farmers cultivated 1.09ha or 25%
of the irrigated area, and Class 3 farmers cultivated 0.52 ha or 33% of the farm area under irrigation. The dry
season's results are not taken into consideration for these nutrient balances as only a part of the land is cultivated
and the data sets are incomplete (for example, it was not known how the residues were used).
8. Nutrient content of various products
Product

%N

%P

%K

Rice, grain

1.16/1.22

0.20

0.39/0.39

Rice, straw

0.62/0.72

0.11

1.89/1.60

Animal manure

1.0

0.2

1.3

Urea

46

DAP

18
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Sources: Estimâtes of crop material come from Duivenbooden N van (1992) SustainabUity in terms of nutrient
elements with special reference to West Africa Report 160. Wageningen, The Netherlands: Centre for Agrobiological
Research, Agricultural Research Department, pages 13,14 and 24. Those for manure from Stoorvogel and Smallng
(see note 6) and partly from W Veldkamp (1996) Personal communication. The N and Kfiguresafter the slashes are
from field research done by WARDA in 1995 in the Niono rice growing area. In the balance tables these figures are
used to estimate nutrient flows. The phosphorus figures used are from van Duivenbooden's study.
9. It is of interest to note that the factors mentioned by farmers as crucial to successful production exactly reflect those that
are generally seen as most important in pre-industrial agricultural development. Slicher van Bath argues that during
pre-industrial agricultural times, there was an optimal relationship for each agricultural enterprise between the
amount of land, the available draught power, and the size of the family in terms of consumers of produce and the
number of able-bodied people that could provide labour. He concludes his discussion by stating (our translation)
'...that in the marginal farms of the old agriculture there were few possibilities to diverge from this optimal
reladonship' (p. 26). This relationship may be closer to the ideal for Class 1 farms than for the two other classes,
and therefore favour output per person. Slicher van Bath BH (1960) \Tbe agrarian history of Western Europe: In
Dutch]. Utrecht, The Netherlands: Uitgeverij het Spectrum.
10. For details see note 2, Soumaoro S et al.
11. Land for habitation is so scarce in Niono and the villages in the irrigated area that there is no room to dig new pit
latrines to replace full ones, and groundwater pollution from pit latrines is a real threat to wells used for human
consumption. An increasing number of private enterprises now collect the contents of pit latrines and dp It onto
any remaining wasteland, or straight onto the fields. There are also local initiatives to compost 'humanure' and
produce pellets by heating the material so that it is relatively harmless to users. These are then sold to vegetable
growers as an alternative source of fertiliser. On-farm research has recendy started with a group of farmers to find
out how to integrate this compost Into farmers' soil fertility management. For further details see Timmer L (1999)
Gestion des excréments humains et leur utilisation comme fertilisant pour l'agriculture dans la zone de Niono,
Mali. Etude diagnostique. Amsterdam, Pays Bas: Institut Royal des Tropiques (KIT)/Niono, Mail: ALPHALOG/Niono,
Mali: Centre de Recherche Régionale Agronomique (CRRA), and Timmer L, Visker C, Budelman A (1999)
'Menselijke mest in Mall: van last tot lust' ['Humanure in Mall; from burden to profit': In Dutch]. Tijdscbrift voor
Mediscbe Anthropologie 11(1): 128-142.
12. R Ducrot (1997) Personal communication. Other studies mention higher numbers, see Anon. (1999) Etude
environnementale de la zone de l'Office du Niger. Rapport de synthèse. Bamako, Mali: Ministère du
Développement Rural et de l'Eau.
13. See for example Vearasilp T (1981) 'Digestibility of rice straw supplemented with Leucaena leucocepbala and
Gliriddia maculata'. ThaiJournal of Agricultural Sciences 14: 259-264.
14. 'Schéma Directeur': policy document for the next ten years of the Office du Niger (in preparation).
15. For nitrogen the positive balance may not exist in reality, as it is well known that nitrogen (especially when given as
urea) is quite volatile. Field research in the Sahelian rice-based irrigation systems has shown apparent nitrogen
recovery rates of as low as 5%, and an average recovery of 30 to 40% (see references below). However, we have not
routinely included a correction factor in this case. There are various reasons for this: firstly, if losses through
volatilisation are to be included in a balance it would only be fair to include nitrogen gains through nitrogen fixing
processes that take place naturally In a watery environment, as well as in the water-born ferns of the genus Azolla
Secondly, recovery rates were found to be highly variable, making it difficult to apply a correction factor across a
variety of situations. Finally, consistently high rice yields cannot be achieved when there are serious shortages of
nitrogen, and we know that the soils show naturally low percentages of available N (see also Table of note 18). For
discussion on this issue see Wopereis MCS, Donovan C, Nébié B, Guindo D, Ndiaye MK, Hâfele S (1998) 'Nitrogen
management, soil nitrogen supply and farmers' yields in Sahelianrice-basedirrigation systems'. Advances in
Ecology 31:1261-1266, and Wopereis MCS, Donovan C, Nébié B, Guindo D, Ndiaye MK (in press) Soil fertility
management In irrigated rice systems in the Sabel and Savanna regions of West Africa. Part I. Agronomic analysis.
Field Crops Research. When making balances with all loss and gain factors included, these publications provide
important information for estimating nitrogen recovery rates.
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16. In the millet-based systems found around the irrigated zone, Ibulmin estimated that 10% of the yield is used as
payment for the winnowing work. Toulmin C (1992) Cattle, women and wells: managing household survival in
tbeSabel. Oxford, UK : Clarendon Press, p. 282.
17. See for background Pol F van der (1992) Soil mining: an unseen contributor to farm income in Southern Mali
Bulletin no. 325. Amsterdam, The Netherlands: Royal Tropical Institute.
18. The Table presented below gives some essential data on the rice soils in Tissana. There are two different main types of
soils, although there are great variations within these types. According to the FAO classification, one is a Dystric
Fluvisol and the other is a heavier clay, Verde Cambisol. For more information see Keita B, Kounkandl B, Dioni L
(1991) Etude morpbopédologique Kola inférieur au 1(:) 20,000. Tome 1. Bamako, Mall: Ministère de l'Agriculture,
IER/DRA/SRCVO, and Veldkamp WJ, Traoré A, N'Dlaye MK, Keita MK, Keita B, Bagayoko M (1991) Fertilité des sols
du Mali-Sud/Office du Niger. Interprétations des données analytiques des sols et des plantes. So tuba, Mali: 1ER,
Cellule Agro-pédologie.
Dystric

Fluvisol
Depth 0-20 cm

Depth 20-40 cm

Parameter

(5 samples)

(6 samples)

• Sand%

49

37

• Clay%

20

33

• pH-water

6.4

• Nitrogen (g/kg)

0.16

0.07

• P Bray (mg/kg)

6

4

• K available (cmol(+)/kg)

0.023

• CEC (cmol(+)/kg)

11.7

6.9

0.028
16.3

19. For information on the effects of supplying a single nutrient fertiliser to a cropping system see Kajlru GJ, Kileo RO,
Stroud A, Budelman A (1998) 'Validating a fertiliser recommendation across a diverse cropping environment'.
Nutrient Cycling in Agroecosystems 51: 163-173.
20. There is little chance that essential nutrients will be supplied through irrigation water, as the water of the river Niger
carries a very low nutrient load. See Keita B, Kounkandl B, Dioni L (note 18), particularly p. 18.
21. The concern about the negative effects of unbalanced fertiliser use is more generally expressed elsewhere, see
Operations Review Unit-IOV (1995) Fertiliser aid. Evaluation of Netherlands fertiliser aid 1975-1993, with special
reference to Bangladesh, Mali and Zambia. Netherlands Development Cooperation. The Hague, The Netherlands:
Ministry of Foreign Affairs, particularly p. 208.
22. See for background Anon. (1999) Etude Environnementale de la zone de l'Office du Niger. Synthèse. Bamako, Mali:
Ministère du Développement Rural et de l'Eau.
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4. Millet farming in central Mali
Loes Kater, Ibrahim Dembelé, Daouda Koné, Karen Brock, Arnoud Budelman'

Introduction

Millet cultivation is the main agricultural occupation of the Bambara communities in the
Segou region of central Mali. Farmers have been growing bulrush millet (Pennisetum
typboides) in the area for at least 300 years, and there are many settlements that are 100
years old or more. However, despite its long history the farming system itself is far from
static, and Bambara agriculture has gone through some profound changes, particularly
since the 1950s.
During French colonial occupation of what was then known as western or French Sudan,
the southern part of the region of Segou was the de facto agricultural heart of what is now
Mali. Between 1930 and I960 this area had a mixed crop system based on millet and
sorghum, with smaller amounts of groundnuts, cotton, tobacco and indigo grown as cash
crops. It was during this period that agriculture gradually became mechanised, and the
introduction of ox-drawn ploughs was particularly important for boosting agricultural
production. There were 35 ploughs in the region in 1929, 2,053 in 1940, and well over
5,000' by 1955. The widespread acquisition of donkey and ox carts was also an important
factor in increasing production. However, these technologies were not evenly spread
around the country. It took until the early 1950s for the plough to reach the villages of
Dalonguebougou' and Dilaba, by which time farmers in Siguine had been using them for a
while. Several of the larger sedentary Bambara households in Dalonguebougou built up
their wealth by using the profits made in the 1950s and 60s from mechanised groundnut
cultivation to invest in livestock.
Market-oriented agriculture continued to develop until the severe droughts of 1968-73
and 1983-84, which changed the face of agriculture in the region. Many cattle died, and at
the height of the first drought one sheep was equal in value to two cows because the
sheep had a better chance of surviving the drought. The droughts in 1972 and '73 also
almost wiped out cash crop cultivation in the Segou region. Since then farmers have noted
a drop in the yearly amount of rainfall, greater variability in annual rainfall, shorter rainy
seasons and greater geographical differences inrainfallreceived. They now cultivate few
groundnuts and use millet as both a food and a cash crop. From the mid-fifties onwards
the cultivation of cotton as a cash crop moved southwards to areas that had been mainly
wooded in the first half of this century. The result is that Mali's most important cash
cropping activities shifted from the centre of the country to the south, with the exception
of irrigated rice which is cultivated in the northeast of the S6gou region, in the zone
known as the Office du Niger.
Since the droughts, more and more farmers in the region have been saying that soil
fertility is a serious constraint on production. The increasing use of manure everywhere in
the region is witness to this fact. This case study describes various elements in farmers'
soil fertility management strategies and how they have changed over time.
We decided to study more than one village because there is so much diversity in the
millet-based farming system of the Segou region. The three villages in this case study
represent different expressions of the system. Dalonguebougou and Siguine both benefit
from access to ample available land, while Dilaba only has limited arable land since it is a
2
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small village. Because of its geographical location and relatively accessible water
resources, Dalonguebougou also profits from a system of informal contracts whereby
manure from transhumant cattle is exchanged for dry season watering from privately
owned wells on the millet fields. Neither Siguine nor Dilaba have such wells because
Dilaba is not located on a transhumance route and Siguine is relatively close to the Office
du Niger irrigation scheme. Both villages also have a deep water table.
Although thefieldworkconducted in the three sites had different objectives and
methodology, the resulting information is of complementary value. The primary focus of
field research in Dilaba and Siguine was farmers' soil fertility management. Researchers
used the participatory learning and action research (PLAR) methodology to work with
farmers, and the results of their research are presented in the analysis of nutrient flows of
the millet crop production system, and documentation of some of the consequences of
the action research carried out with farmers. The objective of the research in
Dalonguebougou was to analyse how sustainable livelihoods are achieved in different
contexts through access to a range of different types of capital: natural, economic, human
and social. The results of this research show that soil fertility management can only be
properly understood in the wider context of how people earn their livelihoods.
9

10

11

Methodology

PLAR andformalsurvey methods were used to carry out the research in Dilaba and
Siguine. The PLAR process consists of four phases: 1) analysis of diversity in farming
situations, 2) planning activities with farmers, 3) implementing these activities, and 4)
evaluating them at the end of the agricultural season. Phases 2 to 4 are repeated on an
annual basis.
12

Analysing diversity a n d soil fertility m a n a g e m e n t

A group of farmers were chosen by the village assembly to represent the village and asked
to identify a list of factors that were considered important in soil fertility management.
The list included two types of factors: socio-economic factors such as the number of adult
workers in a household or the availability of draught oxen, and factors relating to what is
seen as 'proper' soil fertility management, such as the production of organic manure and
recycling crop residues. Once these factors had been identified a small group of farmers
were chosen by the village assembly and asked to classify all the farms in the village. They
identified three distinct classes: 'the most capable soil fertility managers' (Class 1),
'average managers' (Class 2) and 'the least capable managers' (Class 3). They arrived at
this classification through a process of discussion and negotiation, rather than as a direct
outcome of evaluating the identified factors in relation to each farmer's particular
situation. Neither classifying the farms as process nor its outcome should therefore be
seen as objective, but the exercise achieved its aim of devising a system of classification
that could be used as basis for defining activities with farmers.
The next step was to select a number of farmers and to analyse their farm and
management practices by making resource flow maps (RFMs). They used big sheets of
paper to draw the flows of resources between all their fields, the compound, the kraal,
etc., and noted the estimated quantities of each flow. This visual record of the use of
organic and mineral fertilisers and crop residues was then used as the focus for group
discussions about the strengths and weaknesses of each individual farmer's soil fertility
management.
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Planning, i m p l e m e n t i n g a n d e v a l u a t i n g activities u n d e r t a k e n by f a r m e r s

Farmers then drew a second farm map so that they could plan the next season's activities.
How much fertiliser would be used, and where would it be applied? How much of the
crop residues would be collected and what would they be used for? Were farmers
planning any activities to improve soil fertility management? At the end of the season
individual farmers and researchers used the planning maps to evaluate the planned
activities that had actually been implemented, and all the farmers participating in planning
activities then discussed the evaluations as a group.
T h e partial nutrient b a l a n c e m o d e l

The partial nutrient model used in the study is a simplified version of the analytical
framework developed by Stoorvogel and Smaling." The input and output functions used
in the partial balance are as follows:
IN 1 =
IN 2 =
OUT 1 =
OUT2 =

application of mineral fertilisers
application of organic fertiliser
harvested products
crop residues.

These are all functions that are used by farmers and which are visible to the naked eye.
They are therefore easy for anyone participating in the PLAR to understand, and data are
relatively easy to collect and quantify. In making partial balances only the three most
important plant nutrients - nitrogen (N), phosphorus (P) and potassium (K) - are
considered.
Crop residues can be used in several ways: as litter in the kraal, fodder for animals, and
material for making compost. They may also be grazed by animals after the crop is
harvested, or burned and the ashes removed and used to preserve millet to, the region's
main dish. The first three uses are not seen as a loss for the crop system because most of
the nutrients are returned to the soil as organic fertiliser. When the residues are grazed,
nutrients are mosdy lost from the farm because any animal is free to graze the stubble, not
just those belonging to the owner of the field. In this model we consider grazing to be a
loss from the crop system. When the stubble is burned we consider the nitrogen in the
crop's residues to be lost from the system, and when the ashes are subsequendy collected
and removed from the field, phosphorus and potassium are also lost. Not all crop residues
are lost or used, as some of them remain on the field, where they are usually broken down
by termites and returned to the soil.
C a l c u l a t i n g t h e partial nutrient b a l a n c e

Data from the RFMs are collected on monitoring forms and are then fed into a
computerised database consisting offivefiles.The first file contains information about the
farm, and lists variables such as the number of cattle, workers, oxen, donkeys and carts.
These data are used to describe the farm and to assess how these means of production are
distributed across the farm classes distinguished by farmers. The second file holds data
about all the fields, noting which crops were cultivated, their respective area and the soil
type they were cultivated on. The third file contains information on the type and quantity
of organic and mineral fertilisers used and where they were applied. The fourth file gives
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detailed information about the use of the crop residues from each field, and thefifthfile
contains information on crop yields per field or per crop. This information is collected in
a formal survey conducted after the harvest.
Thesefivefilesform the database that is used to calculate the yields, quantify the use of
crop residues, and compute the amount of fertiliser used per hectare on any given crop
on every farm. This analysis only considers the millet crop, as it is by far the most
important crop in the farming system, and is used to calculate the partial balance between
inputs and outputs.
There are two ways of estimating the quantities of crop residues. The first involves
establishing the average weight of a cart of millet stalks and then noting the number of
cartloads leaving a field. The farmer is asked to estimate what fraction of the total crop
residue has been removed, and it is then possible to calculate how much crop residue has
been exported. The second method is to estimate what fraction of the total amount of
crop residue is removed for each type of use. The quantity of residue is then estimated
using a conversion factor based on amount of grain produced. We have used a
combination of these two methods.
12

Partial nutrient b a l a n c e s in Dilaba a n d S i g u i n e

The data presented as partial nutrient balances were collected from the RFMs and
planning maps drawn by farmers. There are three years of data for Dilaba (1995-97) and
two years for Siguine (1996-97). The flows represent the inputs and outputs of the millet
crop production system, with the field as unit of analysis. To transform resource flows to
nutrient flows we used datafromvarious publications and estimates of the weight of local
units of crop produce and residues.
The partial nutrient balances are based on farmers' information and are therefore
estimates. While these estimates are certainly not always precise, the results presented are
considered to be sufficiendy trustworthy to represent the resource flows found on the
farms, and the information was useful in discussions with farmers and extension agents.
Thefigurespresented at the bottom of the Tables are roundedfigures.However, all
calculations were made withfigureswith more than one decimal, which were rounded for
final presentation in the balance.
14

R e s e a r c h in D a l o n g u e b o u g o u

The data on Dalonguebougou were collected over the 1997-98 agricultural season.
Researchers worked with a stratified sample of farms measuring and collecting data
related to crop yields, the number of workers per farm, the size of home fields and bush
fields, and the area under fallow. Where appropriate the information was contextualised
with two years' farm and yield data that had been gathered from every household in the
village in 1981 and 1982. Further data were collected using the following methodologies:
1. Rapid rural appraisal (RRA): making a map of the village's natural resources; focus
group discussions between women, older men and younger men about migration and
changes over the last 20 years; transect walks; institutional mapping.
2. Structured survey: household level population census and survey of assets of the
Bambara population. The results were used to select a representative sample of
households (within a certain range of size and structure) for agricultural data collection.
3. Semi-structured interviews about population, agricultural practices and ownership of
assets. Where possible these covered all Peulh households, each migrant Bambara hamlet
2
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(clusters of between two and six households) and representatives of all three Maure
lineages (groups of seven to twelve households).
4. The history of wells: Household heads related the history of each well in the village,
including historical and present details of water exchange contracts.
5. Conversations with herders about herding and the terms of water exchange contracts.
6. Monitoring and measuring harvests: Winnowing and threshing in seven sample
households were monitored to estimate how much millet was given as wages before it was
stored. As soon as the harvest was stored the granaries were measured to calculate total
volume of the millet harvest.
7. Measuring fields: the home fields and bush fields of the sample households were
measured with a geo positioning system (GPS) so that their areas could be estimated.
8. Field histories: while the fields were being measured the researchers established the
fertility strategies and cultivation history for each field.
The millet farming system

All of the case study villages were founded around the turn of the century. In a Malian
context they are relatively old setdements, and each has a particular history of how people
developed their own way of earning a livelihood. All the villages were founded by the
Bambara people. They are descendants of the once powerful kingdom that had Segou as
its capital. Today there are various ethnic groups who have come to live in or around the
villages for a variety of socio-economic reasons.
The Bambara manage their millet farming strategies around the household unit. This
mainly consists of complex, multigenerational households that cultivate the same fields
and eat from the same granary. It has been argued that these domestic groups, which are
often extremely large, have advantages over smaller groups in terms of reduced risk,
diversification of income, economies of scale and better control over labour resources and
other productive assets. Larger households seem to be more able to amass wealth and
assets. Before farmers used animal traction the availability of labour was of central
importance to agriculture, and large households had the advantage of being able to
cultivate more land. Since the almost universal adoption of the plough, larger households
also often have cattle, sufficient plough capacity, and the means to maintain the soil
fertility offieldsnear the village as they generally have better access to manure.
Social differentiation has an important bearing on resource investment strategies in farm
management. While there are considerable differences in wealth between households,
there are also levelling mechanisms, notably the help given to poorer households in the
form of grain and various informal contracts for access to ploughs, oxen and manure.
Bambara farms often contain privatefieldsalongside the communal household fields.
These are allocated to women (wives, sisters, daughters) and men (sons or brothers) by
the head of the extended family, and are a source of individual income and supplementary
food. The head of the household uses the distribution of individualfieldsas a strategy to
give household members some independence and to provide them with a certain amount
of personal returns for their communal labour.
Students of these fanning systems like to think of them in terms of concentric rings, with
each ring representing a specific way in which soil fertility of the fields is managed. Millet
cultivation in this area generally follows a characteristic pattern of land use, but there are
local variations between individual sites. Thefieldswithin a radius of about 2 km from the
village centre are known as the home or villagefields.They are usually relatively
intensively cultivated, and fertilised with household refuse, manure and topsoil from the
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kraal. Additional minor crops are cowpea for fodder (grown in combination with millet),
tobacco, maize, and vegetables such as peppers, tomatoes, African eggplant and
ladyfingers. In Dalonguebougou the land further away from the village that used to be old
bush fallow is now used to develop fields for groundnut, vegetables and Bambara
groundnut (Voandzeia subterránea).
The fields furthest from the village are known as the bush fields. In Dalonguebougou and
Siguiné these fields are developed and managed in a more extensive way than the home
fields, while in Dilaba as a village with limited land resources there is no distinction
between home and bush fields. The extensive cultivation of land is a function of the
availability of ox-drawn ploughs. Bush fields are left fallow after aboutfiveto eight years,
depending on crop performance.
Villages and home fields are usually found on soils with a higher loam content, which are
(or used to be) relatively fertile. Because they are quite often situated in depressions there
is also a greater likelihood that village wells will have a permanent water supply. In years
of plentiful rainfall these loamy soils usually produce a good millet harvest, but when the
rains are poor they produce less than the sandier soils of the bushfields.As these sandy
soils tend to be light they allow the millet plant to develop an extensive root system that
can catch what little water is available. In Siguiné the farmers say that the sandy soils of
their bush fields hold water well.
Millet yields in the bush fields are normally lower than those in the home fields. In 198081 the bush fields in Dalonguebougou produced 200 kg/ha while the homefieldsyielded
1,000 kg/ha. Farmers do not usually use organic fertiliser on their bushfields,which they
cultivate extensively. However, when Dalonguebougou was revisited in 1997-98 it was
observed that farmers had begun to use mineral fertiliser on the bush fields, and that
several hamlets of herders who had settled over the last 20 years were cultivating large
bush fields that they fertilised with manure from their livestock.
Millet dominates the home and the bush fields. In Dalonguebougou there are two
cropping sub-systems: the bush fields are planted with a millet cultivar that takes 120 days
to mature (long cycle millet, known as sanyo), while the home fields support a cultivar
that completes its cycle within 60 to 80 days (short cycle millet, or sounan). Farmers time
and maintain their crops so that the two sub-systems compete as litde as possible for
labour and other resources as the season develops. This is part of an overall strategy
aimed at distributing the available resources efficiently while minimising the risks of crop
failure.
Farmers in Siguiné and Dilaba also cultivate different varieties of millet. Some of the local
cultivars are photosensitive and will flower on afixeddate regardless of when they were
sown. In Siguiné there are short-cycle cultivars such as boboni that take 90-100 days from
sowing to maturing, and in Dilaba many farmers grow a short cycle millet cultivar known
as 'Toroniou'. Nowadays the short-cycle millet is dominant in both villages and farmers in
Siguiné cultivate it on both home and bush fields. In Siguiné 95% of the cultivated land is
covered with millet most of it inter-cropped with cowpea. In Dilaba the millet is also intercropped with cowpea, covering almost 80% of the cultivated area. Sorghum is grown on 4
to 5% of the cropped land and is cultivated in depressions and wetter niches. The seed
legumes - groundnut, Bambara groundnut and sole-cropped cowpea - account for
approximately 10% of the cultivated surface. Farmers in both sites grow maize, finger
millet and Bambara groundnut as early yielding crops that are an important source of food
before the millet crop ripens.
As we have already noted, the bush fields are some distance from the village. In
Dalonguebougou and Siguiné they are about 7 km away, so donkey carts are essential for
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transporting equipment, produce and people to these fields. In both sites family members
move to the bush fields and live there temporarily while thefieldsrequire the most work.
Farmers practise mechanised weeding using oxen that doubles as land preparation for the
following season, as the weeding forms ridges where millet seed is then sown at the
beginning of the next rainy season. After a good rain, farmers in Siguine often sow straight
onto the field without first ploughing it. This method of sowing and land preparation
makes the system quite flexible because there is no need to plough first, and direct sowing
takes very little time. The drawback is that if the seed is sown too early and the rains stop
soon after the millet germinates, the farmer has to sow a second time. In most years the
bush fields are sown two or three times to ensure a good crop.
Each season the bush fields are prepared before the home fields are ploughed, but the
homefieldswill be the first to be harvested. The millet is heaped up in the field so that
the stalks provide protection against passing animals, and when both types offieldhave
been harvested all the millet is threshed and winnowed at once and stored in granaries.
The bush fields are weeded at least three times each season, which is a very labour
intensive exercise that involves most of the household. This leaves little time to weed the
homefields,which are usually only weeded once. As one farmer in Siguine commented,
•When the millet plants are taller than the weeds the crop has to take care of itself'.
Farmers are prepared to invest more time and labour in the bush fields because they are
so important for millet production. As they are large, these fields have the potential to
produce enormous quantities of millet. Strategies have changed since the 1970s, when
more work was done in the home fields than in the newly opened bush fields, and as a
result the home fields now produce smaller yields than they used to.
In Dilaba farmers plough the field into ridges, which does not usually take long on the
predominandy sandy soils. The field is sown at the same time, and sometimes the person
ploughing will only be afewlines ahead of the one that is sowing. The ground between
the rows of millet plants is weeded with a pair of oxen, and weeds within the row are
removed by hand. As they do not grow very vigorously on these soils this is not a very time
consuming task. The millet is harvested in November or December by the farming family
and their neighbours, who steadily work their way around all the fields.
The Bambara are essentially cultivators who grow millet as their main crop. However,
since the 1950s cattle have become increasingly important in the farming system,
providing draught power and manure, and also as a form of investment. In Dilaba the
cattle used to stay within the village boundaries, grazing on fallow land and designated
grazing areas, but these days there are about 400 head of cattle in the village and they
cannot all spend the dry season on village land. Towards the end of the dry season the
herds have to look elsewhere for fodder, particularly in dry years. Resident draught oxen
are given millet and sorghum stalks and some cowpea residues as supplementary fodder,
although most of the cowpea residue is kept for fattening sheep for sale or slaughter. The
rest of the small ruminants roam the village land looking for fodder during the dry season
and are fed Faidherbia albida (ex. Acacia albida) twigs cut by women or young people.
The cattle are watered from deep wells (40-45 m) situated on the edge of the village,
which are owned by the village and not by individuals.
While Dilaba is an almost exclusively Bambara village, there are a number of Bella in
Siguin6. Many of them settled there in the first half of the 1980s when the north of the
country was suffering from a severe drought, bringing their herds of small ruminants and
settling on the edges of the village land. The Bambara claim that the newcomers' goats are
damaging the village's natural resources, especially the bush vegetation. The village land is
also invaded by herds belonging to the farmers who cultivate the irrigated part of the
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Office du Niger." In the rainy season these herds graze the village bushland, moving on to
the irrigated zone after the rice crop is harvested.
Farmers in Siguine own around 700 head of cattle, which are tended by Peulh herdsmen.
These animals remain within the village boundaries, grazing on pastures and fallow land
during the rainy season and on stubble and pasture during the dry season, when they
spend most nights on the home fields. Farmers in Siguine do not recycle much of their
crop residues, but sell cowpea residues for fodder at the market in Niono. Since 1997 they
have been cultivating a small plot of irrigated rice in a new extension of the Office du
Niger irrigation scheme.
Our fieldwork in Dalonguebougou showed that we can only properly analyse farmers' soil
fertility management strategies (and the potential to improve existing situations) within
their social context. Agricultural production is often only one of several ways in which
farmers earn their livelihood, as they have to look at a variety of survival strategies that
may even include migration. These strategies are based on a set of complex relationships
between different ethnic groups, some of which have a direct bearing on soil fertility
management.
The Bambara are politically and numerically dominant in Dalonguebougou, but there are
three other distinct communities in the village. The southern Sahel was on the seasonal
route of transhumant Maure and Peulh herders long before sedentary farmers settled
there, and a small group of Peulh has been living alongside the Bambara for at least twenty
years. The Bambara employ the Peulh as herders and have given them access to small,
permanendy cultivated home fields as part of their informal herding contracts.
Transhumant Maure herders have also been bringing their livestock to find dry-season
water at the wells of the Bambara village for years, and there is a large group of migrant
Bambara farmers who cultivate a millet crop on village land and return to their own
village for the dry season. Some households have been migrating in this way for fifteen
years since the installation of a sugar cane plantation close to their own villages attracted
large flocks of granivorous birds (Quelea queled) that nest and attack millet crops on the
neighbouring farms.
Demographic changes have also affected livelihoods. In the early 1980s the village
Bambara grew short-cycle millet on heavily manured home fields and long-cycle millet on
unfertilised shifting bush fields. The homefieldswere fertilised with manure from the
farmers' own animals and from herds that passed through in the dry season. By 1997, 700
migrant Bambara farmers and 130 formerly nomadic Maures had established hamlets on
village land, where they cultivate large bush fields. The small Peulh community continues
to cultivate small home fields.
In the early 1980s many of the setded Bambara households dug wells to attract visiting
herders so that their livestock would manure the homefields.This practice of exchanging
well water for visiting herders' manure began in the late 1960s and continued until the
late 1980s. It declined in the late 1990s, partly because many of the wells were drying up,
and partly because many of the settled Bambara lost cattle to diseases in the early 90s and
began exchanging the water in their wells for the use of oxen for ploughing, instead of for
manure. The newly setded Maures preferred to pay for water by lending their oxen for
ploughing, as this allowed them to use the animals' manure for their own agriculture and
to be more flexible about where they grazed in the dry season. No new wells have been
dug since 1992, and the shallower old wells have now started drying up during the dry
season. The millet yields in the home fields have fallen dramatically since the early 1980s
as they receive less manure than before, and farmers do not apply any other inputs to
them. However, as the village Bambara have invested more inputs (including mineral
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fertiliser) and labour per unit of land, the yields in their bush fields have increased.
All four ethnic groups in Dalonguebougou make their living by growing crops and rearing
livestock. The stronger households also pursue a variety of activities that subsidise their
investments in agriculture, and many rely heavily on remittances from migrant family
members. The weaker households' choice of investment strategies is usually more limited,
often because of a shortage of labour or because they have problems managing household
labour. Table 1 summarises the range of livelihood strategies in the village, and their
implications for soil fertility management in richer and poorer households. It illustrates
the complexity of livelihood strategies in a single dryland village that produces millet.
Apartfromthe migrant Bambara farmers, each group relies on at least one activity that is
exclusive to them and which gives them a niche in the local economy. The settled Bambara
dig wells and exchange water for inputs, the Peulh earn money as herders, and the Maure
exchange manure and draught power for water. These activities are exclusive to each
group because they are the only group with the appropriate combination of skills,
opportunities and entidements to exploit a particular resource, rather than because they
earn money from them. All three activities are central to the management of soil fertility in
the agro-ecosystem of the village lands. Any external intervention to support more
sustainable soil fertility management practices would subtiy alter the differentiated access
to these activities and the resources necessary to carry them out.
Analysis of on-farm resource flows in Siguiné a n d Dilaba
Farming characteristics

Extensive crop production is undoubtedly the most efficient and cost effective approach in
a situation where rainfall is low and erratic and millet prices tend to drop after a good
harvests. When arable land isfreelyavailable the millet production system is characterised
by large farms. Some of the farms in Siguiné cover 80 ha or more, almost half of which is
traditionally left to fallow to restore soil fertility and yield levels (see Table 2).
Farmers apply whatever fertiliser is available to the home fields and do not normally
fertilise their bush fields, which are less intensively cultivated. It is interesting to note that
the Class 1 farmers have large areas of bush fields that are in use or left fallow. The other
two classes of farmers own much less land in the area where bush fields are found, and
some farms in Class 3 cultivate only home fields.
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Table 1
Complex livelihoods a n d their relationship to soil fertility management, Dalonguebougou, M a l i , 1997-8
Institutional and resource
tenure context
Village Bambara Settlers' rights to farm land
and exclusive right to dig
wells; de facto control over
land distribution to other
groups

Peulh

Maure

Migrant
Bambara

Range of activities combined
to construct livelihoods
Cropping
Livestock
Food production
Livestock ownership
Large-scale trading Labour for dry
of crop surplus
season watering
Well digging
Occasional
Exchange of water supplementary
for inputs (manure feeding
and draught power) Some livestock trade
Sale of surplus labour
Investment in
industrial fertiliser

Other
Seasonal
out-migration
(men and women)
Trade and
commerce
(individual
and household)
Craft/skills (local)

Implications for soil fertility
management strategies

Richer households: Privately owned
wells and livestock; can decide
whether to exchange water for
draught power or manure;
migration and trade generate
capital for investment in fertiliser
Poorer households: Less likely to
own animals; often have dry wells
or exchange water for draught
power; labour shortages limit
migration remittances; some
investment in fertiliser
Settlement contingent on
Food production
Livestock ownership Skills, but usually
Richer households: Have
one member of household Exchange of labour Hired herders of
livestock related
established herding contracts
having an informal herding (herding) for inputs village Bambara
(leather, butchery)
allowing use of manure; often
contract with a Bambara
(manure)
invest crop in livestock
livestock
household
Investment of
Poorer households: Less likely to
Sale of milk and
manure from
own animals or to have contracts
meat
household animals
allowing use of manure; do not
use fertiliser
Right to settle is dependent Food production
Livestock ownership Periodic but irregular Richer households: Use manure
on the Bambara; several
Sale of crop surplus Large-scale livestock migration, usually
from own animals; sell surplus
years ago the Maures were Sale of surplus
trade
livestock related
crops and invest in animals
forced to move from the
labour
Poorer households: Sell labour to
Exchange of animal
village field area to isolated Investment of
others rather than invest in own
by-products (manure
bush field hamlets. No right manure from own
farm; do not use manure or
and draught power)
to dig wells; increasing
other inputs
animals
for water
conflicts over access to water
Sale of meat
Right to farm is dependent Food production
Ownership and
Some seasonal
Richer households: Own animals
on establishing a 'sponsor' Sale of crop surplus management of
out-migration from in other places; invest in fertiliser
relationship with a village
Investment in
livestock in village
village of origin
Poorer households: hire/borrow
Bambara household, which industrial fertiliser
of origin
during dry season
draught power; shiftina agriculture
often involves access to well
with low inputs and yields
water. No right to dig wells
or bring herds of livestock to
the village

Table 2
Land resources available to each farming system a n d class of farmer
Home fields (ha)

Ample land
available in
Siguine
Limited land
available in
Dilaba

Cultivated
14.5
9
9
30
18
8

Class 1
Class 2
Class 3
Class 1
Class 2
Class 3

Fallow
2
2
2.5
1.5
0
0

Bush fields (ha)
Grand total (ha)
Cultivated Fallow
80
24
39
31
15
5
3.5
5
20
31.5
18
8
-

Table 3 A
Farm resources available to each class of farms in Siguine,
where ample land is available"
Farm
class

Number
of farms

4
Class 1
Class 2
4
Class 3
4
Average farm

Number
of adults
17.5
11
5.5
11

Number

of draught
oxen
11
5
1.5
6

a. figures are averages of two years of observation,

See Table 5 for yields per crop production

Number
of cattle
39
8.5
1.5
16

Number

of small
ruminants
25
12
8
15

Number
of carts
per farm*
1.5
2
1
1.5

Millet
yieltf
(kg/ha)
820
560
480
620

b. Only 1996 data. c. Average yield of home and bush fields together.

system.

Tables 3A and 3B summarise the most important characteristics of the farms in Siguine
(where ample land is available) and Dilaba (where land availability is limited). The
elements in these Tables are based on farmers' discussions of criteria for good soil fertility
management.
The Tables show that the millet yields vary significanuy according to the farmers' class.
They range from about 500 to 1,200 kg per hectare, and fall within the range normally
found in this area. Dilaba is part of Cinzana County, which recorded average yields of
700kg/ha in 1995, 650kg/ha in 1996 and 1,100 kg/ha in 1997."
Siguine is in the county of Pogo, which recorded yields of 100 kg/ha in 1997 and 650
kg/ha in 1996. The overall yields in the Segou region were 530, 900 and 830 kg per
hectare for the years 1995 to 1997 respectively. ' There are significant variations in yields
between years, zones of production and farms, but this is normal in the Soudano-Sahel.
24

2

The differences between Siguine and Dilaba may be related to the climate and soil
resources. The rainfall in Siguine is known to be more erratic than in Dilaba, and the
home fields in Siguine (which have been under almost continuous cultivation since the
1940s) do not seem very productive. Some of the land has been fallowed, but farmers do
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Table 3 B
Farm resources available to each class of farms in Dilaba, where land
availability is limited"
Farm
class

Number
of farms

Class 1
3
Class 2
2
Class 3
5
Average farm 11.5

Number
of adults
29
8.5
2.5
5

Number
of draught
oxen
14
4.5
0.5
20

Number
of cattle
70
1
0
30

Number
of small
ruminants
90
35
5
1

Number
of carts
per farm
2
1
0.5
950

b

M/7/ef
yiel&
(kg/ha)
1,230
850
820

a. Figures are overage of three years of observation, fa. Only 1995 data.

Table 4 A
Relative availability of resources on farms in Siguine,
where ample land is available"
Farm class

Class 1
Class 2
Class 3
Average farm

Total land
available per
adult (ha)
4.2
3.2
3.8
3.8

Tofai land
cultivated per
adult (ha)
2.1
2.3
2.4
2.3

Ha cultivated
per draught
oxen
2.5
4
b

-

5.5

Crop production
per adult
(ton)
1.8
1.2
1.1
1.3

a. Average of 7995-J 997. fa. As some Class 3 farms do not have any oxen it is not possible to calculate

an average

figure.

Table 4 B
Relative availability of resources on farms in Dilaba,
where land availability is limited"
Farm class

Class 1
Class 2
Class 3
Average farm

Total land
available per
adult (ha)
1
2
3.5
2.5

Tofa/ land
cultivated per
adult (ha)
1
2
3.5
2.5

Ha cultivated
per draught
oxen*
3.5
7.5

-

6

Crop production
per adult
(ton)
1.2
1.4
1.7
1.5

a. Average of 7 995- 7 997.fa.As some Class 3 farms do not have any oxen it is not possible to calculate an average
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not use many inputs on these fields and only apply organic fertilisers to about 15% of the
cultivated home fields.
26

In these areas it is very important that farmers sow their crops in good time. When they
sow late - either because the rains are late or because they lack access to agricultural
equipment such as ploughs and oxen - their yields will drop. The average production for
an adult farmhand is shown in Tables 4A and 4B. An average adult produces between 1
and 2 ton of millet per year, so if each person consumes 250 kg of cereal per year the
average adult should produce enough to feed another three to seven people. Class 3
families in Dilaba tend to have fewer workers than the other classes, which accounts for
their high production rates per person and the large area worked by an average adult (see
Table 4B). These farmers have to rely on outside help, but exchanges between households
are part of the village culture as many of the villagers are related to thefoundingfamily
and have lived in the village for a long time. Families may exchange oxen, labour, and
equipment for weeding, and help each other out during the harvest.
The lowfigurefor Class 1 adults' millet production can be explained by the high number
of workers in the average family, which also brings down the average amount of land
cultivated by each family worker (see Table 4B). In Siguine the amount of land cultivated
by each adult does not vary much between classes. The average landAvorker ratio amounts
to 2.3 ha/adult in Siguine and 2.5 ha/ adult in Dilaba. The range in Dilaba is much greater
than in Siguine (varying from 1 to 4.5 ha/family worker) because larger family units have
been broken up into smaller ones (see Tables 3A and 3B). Most of the Class 3 farms are
the result of families splitting up, and are run by nuclear families consisting of a man, his
wife and some children, who are generally young.
Tables 4A and 4B show that the population of Siguin6 is generally better endowed in
terms of available land resources than their counterparts in Dilaba. In both villages only
the Class 1 farmers own enough cattle to have an impact in terms of adding nutrients to
the farm. In general farmers' access to draught power diminishes according to their
classification. Class 1 farmers have the most access and Class 3 the least, and there are
some farmers in Class 3 who do not own any oxen. These households have to rely on the
informal exchange of labour and equipment with other households to gain access to
certain means of production.
Table 5 presents the inputs and outputs of each farm class in Siguine. It reveals that none
of the farmers used mineral fertilisers, that they only manured the home fields, and that
they did not fertilise the bush fields at all. The home fields of the Class 1 farm were
manured in 1996 and 97 by animals kept on the fields, while the Class 2 homefieldswere
manured in 1996, and Class 3 in 1997, when it was their turn to keep the village herd on
their home fields. The village herd is made up of animals from various farms and is kept
on one family's land one year and another family's the next year, on condition that their
animals are part of the herd. The neat split along classes over the two years of monitoring
is a coincidence.
Another remarkable feature of Table 5 is the increase in the production and use of
compost and the reduction in the amount of crop residues burned in the second year of
observation. These changes can both be attributed to the presence of the PLAR team, and
as such can be considered to be the results of action research. Some of the families made
compost from small ruminants' manure and grasses from the bush, and a number of
women used the ashes from the bush fields for potash for preserving td, the main
prepared dish of ground millet. Before they used to simply burn the remaining residues at
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Table 5
Situation In Siguiné, where ample land is available.
Inputs a n d outputs of the millet production system for each class
of farms in kg per hectare per year

Home field millet cultivation:
Organic fertilisers
Household refuse"
Kraal topsoil
Animals stabled on field
Compost
Bush field millet cultivation:
Organic fertilisers
Household refuse"
Kraal topsoil
Animals stabled on field
Compost
Home field millet cultivation:
Grain produced
Millet residues
Grazing
Fodder
Burning
Ash collected
Cowpea residues
Fodder
Bush field millet cultivation:
Grain produced
Millet residues
Grazing
Fodder
Burning
Ash collected
Cowpea residues
Fodder
Number of farms in sample

Class 1

1996
Class 2

C/ass 3

Class 1

1997
Class 2

Class 3

50
50
450
0

450
0
350
0

250
0
0
0

100
50
400
200

100
50
0
150

50
0
400
150

0
0
0
0

0
0
0
0

0
0
0
0

0
0
0
0

0
0
0
0

0
0
0
0

600

550

600

900

700

500

800
0
0
500

800
0
0
350

850
50
50
400

1,200
0
0
850

900
0
0
750

600
50
50
450

50

50

50

200

400

150

1,050

700

850

1,250

650

900

1,800
250
600
150

1,150
0
350
100

1,550
0
750
100

1,900
0
0
600

850
0
150
600

1,000
0
0
750

200
4

0
4

0
4

0
4

0
4

0
4

a. Including manure from small ruminants lodging near the homestead. The figures are rounded to nearest 50 or 100. Millet
yields for 1995: Class 1 home fields 600 kg/ha. Class 2 home fields 250 kg/ha, and Class 3 home fields 200 kg/ha; Class 1
bush fields 750 kg/ha, Class 2 bush fields 350 kg/ha, and Class 3 bush fields 350
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the end of the dry season, and burn the millet stalks in the home fields to produce potash.
By organising themselves and obtaining carts to get to and from the bush fields, the
women can now gather more potash and sell it at nearby markets.
Table 5 shows the averagefiguresfor each class of farmer's bush fields and homefieldsin
Siguine. In this system the home fields usually yield more than the bush fields, but in this
case the bush fields have produced more, probably because the home fields have been
under constant cultivation for a long time and are hardly ever left fallow. Farmers do leave
the bushfieldsfellow,which still seems to be an effective method of restoring soil fertility,
as they claim that these sandy soils are relatively productive.
Tables 6 and 7 also show that very little material and nutrients are added to the home
fields, and the feet that farmers invest relatively little labour in thesefieldswhile the crops
are growing is probably another factor contributing to their low yields.
Although the village cattle deposit dung on the home fields during the dry season, they
also damage the structure of the upper soil layer with their constant trampling. They have
usually eaten almost all the crop residues by January (when there are still 4-5 months of
the dry season to come) leaving the soil bare and vulnerable to wind erosion.
The reversal of the usual yield pattern has also recendy been observed in
Dalonguebougou. In the 1997/98 season the bush fields had higher yields than the home
fields, which have been manured less intensively since the wells there started to dry up
and the Maure began to use their herds' manure on their own bushfields.Average yields
were about 400 kg/ha for the home fields and 700 kg/ha for the bush fields.
Table 6 presents the partial balance for the home fields in Siguine, and shows that the
nutrient balances in all of the farmers' home fields are negative. The relatively favourable
situation of the Class 3 farmers is the result of their significandy lower millet production,
but there is no obvious explanation for their lower yields, given that their inputs are
similar to those of the two other classes.
27
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Table 6
Nutrient flows a n d partial balances in kg/ha/year for the Siguine
home fields, where ample land Is available (1997)
Farm class
Nutrient
Household refuse
Kraal topsoil
Animals stabled on field
Compost
Total IN
Grain
Grazing
Fodder
Ash collected
Total OUT
Partial balances

Class 7
N

1.1
0.4
5.1
2.3
9
16.8
8.3
0.0
5.9
-31

-22

P

K

N

0.2
1.0
0.7
0.1
0.4
0.4
0.8
6.5
0.0
0.4
3.0
1.8
2
11
3
2.8
4.4 13.1
1.1 24.9
6.2
0.0
0.0
0.0
0.8 17.7
5.2
-5 -47
-25

-3

.36

-22

Class 2
P

K

N

0.2
0.8
0.6
0.1
0.5
0.0
0.0
0.0
4.8
0.3
2.3
1.5
1
4
7
2.2
3.4
9.0
0.8 18.5
4.3
0.0
0.0
0.4
0.7 15.5
3.0
-4 -37
-17

-3

-34

-10

Class 3
P

K

0.1
0.5
0.0
0.0
0.8
6.2
0.3
2.0
1
9
1.5
2.3
0.6 12.9
0.1
1.1
0.4
9.0
-3
-25

-1

• 17

Total IN and total OUT figures have been rounded.
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Table 7
Nutrient flows a n d partial balances in kg/ha/year for the Siguine
bush fields, where ample land is available (1997)
Farm class
Nutrient
Household refuse
Kraal topsoil
Animals stabled on field
Total IN
Grain
Grazing
Burning
Ash collected
Total OUT
Partial balances

N

Class 1
P

K

0.0
0.0
0.0
0
3.9
1.7

0.0
0.0
0.0
0
6.0
40.1

N

0.0
0.0
0.0
0
23.2
13.4
0
4.4
-41

0.0
0.0
0.0
0
12.5
5.9
0.9
0.6 13.0
4.2
-6 -59
-24

-41

-6

•- 5 9

-24

Class 2
P

K

0.0
0.0
0.0
0
2.1
0.8

0.0
0.0
0.0
0
3.2
17.5

N

0.0
0.0
0.0
0
16.2
7.2
0
0.5 12.5
5.4
-3
-33 -29
-3

•3 3

-29

Class 3
P

K

0.0
0.0
0.0
0
2.7
0.9

0.0
0.0
0.0
0
4.2
21.4

0.7 16.2
-4
-42
-4

•• 4 2

Total IN and total OUT figures are rounded.

Table 7 shows that the partial balances are even more negative in the bush fields, although
the pattern of balances in the two cases is fairly similar. The inputs applied to the home
fields do not compensate for nutrient extraction through cropping, and it is even possible
that the grazing figures for home fields should be higher than indicated, given the
pressure of animals and the fact that the fields are almost cleared of residues by January.
This would make the balance even more negative as it would reduce the amount of
residues left in the field.
All the data suggest that in its present form the system in Siguine is ultimately
unsustainable. Assuming that the population will continue to grow, human pressure on
the land will eventually be such that farmers will no longer be able to leave their fields
fallow.
Table 8 summarises the use of inputs and crop produce in Dilaba, where available land is
much more limited than in Siguine. Farmers here are actively searching for ways to
fertilise their fields, and collecting household refuse and transporting it to the fields are
relatively important activities, as only the Class 1 farms benefit from cattle being
temporarily kept on theirfields.As in Siguine, the presence of the team and its research
approach paid off. During thefirstyear farmers still burned crop residues, but they
stopped doing so in the second and third years. They also tried a number of ways of
producing manure, and began composting millet stalks in the field and near their
compounds. Some farmers experimented with the trunks of the Baobab tree as compost
material, and others tried to make their household waste into better fertiliser by speeding
up decomposition and partially composting it, pouring used household water on the
waste heap.
In terms of the evolution of the farming system, the current limited availability of land in
Dilaba may represent Siguine's future, when soil fertility will need to be managed with
greater care and effort. Table 8 shows that by using different sources of manure, Class 1
farmers in Dilaba managed to bring almost three times as much organic matter to their
86
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Table 8
Use of inputs a n d produce in kg/ha for the millet production system
in Dilaba, where land availability is limited

Farm class
Household refuse"
Kraal topsoil
Animals stabled on field
Grain
Grazing
Fodder
Burning
Number of farms in sample

7
500
700
600
1,300
2,150
250
300
3

a. Including manure from small ruminants

7995
7997
7996
Cfass
Class
Cfass
7
2
7
2
3
2
3
3
200
550
700 250
450
350
600 550
0
0 600
150
250
350
100 600
0 600
0
0
0
0 400
0
800
850
850 1,150 900
800 1,250 800
1,100 1,250 2,150 1,850 1,350 2,100 1,500 1,450
50 450
150
50
150
0
550 250
0
0
1,350
300
0
0
0
0
2
2
5
2
5
3
5
3

lodging near the homestead. The figures are rounded to the nearest 50 or 100.

Table 9
Nutrient flows a n d partial balances in kg/ha/year for the millet
production system in Dilaba, where land availability is limited (1997)
Farm class
Nutrient
Household refuse
Kraal topsoil
Animals stabled on field
Total IN
Grain
Grazing
Fodder
Total OUT
Partial balances

Class 7
N
3.6
7.0
7.3
18
23.1
14.8
1.1
-39
-21

P

0.9
1.2
1.2
3
3.9
1.9
0.1
-6
-3

K
N
2.0
4.9
1.8
8.9
9.2
0.0
4
23
6.0 15.3
44.1 10.5
0.5
3.3
-26
-53
-30 -23

Class 3
Class 2
P
K
N
P
K
3.3
0.8
3.7
0.5
2.3
2.8
0.5
3.6
0.3
2.3
0.0
0.0
0.0
0.0
0.0
1
5
1
7
6
4.0
2.6
2.6
4.0 15.2
1.4 31.3 10.1
1.3 30.2
2.8
0.1
1.5
0.1
0.9
-4
-37
-4
-37
-26
-3 -30
-3 -32 -20

Total IN and total OUT figures are rounded.

homefieldsas their counterparts in Siguine. Class 2 and 3 farmers in Dilaba did not seem
to apply any more manure per hectare to their homefieldsthan farmers in the same
classes in Siguine, although they did produce more manure per farm. On average Class 3
farmers in Dilaba produced 3.7 ton of manure while their counterparts in Siguine
produced 2.2 ton per farm, and the Class 2 farms in Dilaba produced an average of 6 ton
while the same class in Siguine produced 5 ton.
The contrast between Class 1 farmers in the two villages can be explained by the number
of cattle they own and the way that farmers in Dilaba use them to produce manure.
Mineral fertilisers are not yet an option for farmers in Dilaba to maintain or improve their
yields. Table 9 indicates that in its present form crop production in Dilaba will also be
unsustainable in the long run.
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Discussion a n d conclusion

Table 10 gives the average partial balances of all the field systems for every year that
farmers' field operations were monitored, and the average over the years. The results
show that farmers in Class 2 and 3 do as well (or as poorly, depending on the perspective)
as Class 1 farmers in terms of nutrient recycling, despite the fact that Class 1 farms are
endowed with the most resources. Thefiguresforthe partial balances of each class and
crop production system are remarkably close, particularly when all the sources of variation
are taken into account.
Although the partial balances do not vary significandy between farm classes, any proposals
• for improving soil fertility management need to bear in mind that the classes do differ
significandy in their access to sources offertility,particularly cattle manure. In principle,
Class 1 farmers are in a much better position to maintain soilfertilitythan farmers in Class
2 or 3. All the farmers need to use their sources of fertility more efficiendy, but they will
only be able to do so according to their available resources, which means that farmers
with fewer resources have more limited options.
In terms of pattern and size thefiguresfor the partial balances correspond to data on
millet cultivation elsewhere in Mali. Van der Pol found probable values for millet of -47 kg
for N, -3 kg for P and -36 kg for K. Thefigurespresented in this case do not take account
of nitrogen volatilisation, erosion and leaching, and they may therefore underestimate the
actual balance.
We are aware that we should be careful about concluding that these farming systems are
unsustainable. According to ourfigures,each adult worked an average of 2.3 ha of land in
of Siguine, and 2.5 ha in Dilaba.
As there is considerably more land available in Siguine, one would expect farmers there to
work more land than their counterparts in Dilaba, so it is possible that farmers in Siguine
29

Table 10
Summary of the partial nutrient balances in kg/ha/year
System and year of observation
N
Limited land available, 1995
Limited land available, 1996
Limited land available, 1997
Average
Ample available land, home
field, 1996
Ample available land, home
field, 1997
Average
Ample available land, bush
field, 1996
Ample available land, bush
field, 1997
Average
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Class 7
P

K

N

K

N

Class 3
P

-2
-4
-3

-18
-43
-32

-26
-24
-20

-3
-3
-3

-36
-38
-30

Class 2
P

K

-24
-23
-21

-3
-3
-3

-33
-36
-30

-26
-29
-23

-23

-3

-33

-26

-3

-31

-24

-3

-34

-14

-2

-23

-10

-1

-17

-18

-2

-26

-22

-3

-36

-22

-3

-34

-10

-1

-17

-18

-3

-29

-16

-2

-26

-14

-2

-22

-39

-5

-50

-24

-3

-30

-33

-4

-39

-41

-6

-59

-24

-3

-33

-29

-4

-42

-40

-6

-55

-24

-3

-32

-31

-4

-40
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have been systematically underestimating the size of the bush fields they cultivate. If this is
true it may provide an explanation why the yields from bush fields are so much higher
than those from the home fields.* A consequence then would be that the balance figures
found for the bush field situation in Siguine are likely to be less negative than those
presented in Table 10.
There is another reason why the relatively high extractionfiguresfor millet cultivation in
the bush fields are less serious than they initially appear. Thefiguresin this Table only
represent a short part of the long-term cycle of cultivation in the bush fields. These fields
are cultivated forfiveto eight years, and farmers decide when the land should be left
fallow according to how they see its fertility changing. Under these circumstances a rest
period of ten years or more is still possible, in which case the land is probably being used
in a sustainable manner. However, the balance will change as population density reaches
levels that no longer allow farmers to leave the land resting for such long periods. This has
already happened in Dilaba, and to a lesser extent in Dalonguebougou.
The balances for both sets of home fields may be closer to reality, as farmers probably have
a more precise idea of how much land is actually under production. The extraction rates
are not particularly high, even if they reflect only part of the total set of input and output
functions. However, they still do not indicate that land use is sustainable in the long run.
Farmers invariably complain about decreasing yields, but various publications and
evidence from the field suggest that over the course of time millet production has in fact
increased slighdy. This is due to better agricultural practices, more adapted millet
varieties, the general availability of animal traction, and the increased use of organic
fertilisers (household waste, compost, and manure from stabled animals). Our observation
of farmers involved in action research also supports this view, as they worked to mobilise
and use sources of soil fertility more effidentiy (cf. Table 9).
The fact that farmers in Dilaba claim to have grown millet on theirfieldscontinuously for
the past 40 years, and that yields are still at given levels is an indication of the system's
resilience. We certainly do not seem to be looking at a farming system on the brink of
collapse.
Recendy, a new scheme in the Office du Niger has made a small plot of irrigated rice
available to farmers from Siguine and villages in the vicinity, opening up another avenue
to make livelihoods more sustainable. These plots can carry two crops a year, rice in the
rainy season and a vegetable crop in the dry season.
There are no such opportunities to diversify agriculture in Dalonguebougou, but people
are resourceful and have adapted their livelihood strategies according to changing
circumstances. Some are obviously more successful than others, but the traditional social
safety nets continue to function for those whose livelihoods are less sustainable.
However, we must acknowledge that the poorer households in Dalonguebougou and
Class 3 farmers in Siguine and Dilaba do face real difficulties. Some of these farmers only
remain in agriculture because they have no alternative means of earning their livelihood.
They are farmers in spite of themselves, and also because they are unwilling to leave
agriculture as it is the only thing they know and are used to doing. The support received
from kin in wealthier households helps them to maintain agricultural production.
0
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Central in the farmer's strategy to maintain the soil's productivity is the possibility of
fallowing the land and applying manure. The evidence from Dalonguebougou shows that
some farmers are now prepared to start using mineral fertilisers, and that contrary to
expectations this investment is not limited to the wealthier farmers, nor is it closely
related to a shortage of land. Some of the farmers whose access to manure for their home
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fields has declined or who have never had a well on their land are now investing in
mineral fertiliser for their bush fields, arguing that it is more risky to apply mineral
fertiliser to the short-cycle varieties. There are also cases of poorer households that have
switched to producing 'long-cycle' millet on their villagefieldsas well as their bush fields,
achieving relatively high yields by applying mineral fertiliser to less fertile areas in both
sub-systems.
However, for the time being access to manure must be considered the mainstay of fertility
management for farming systems where available land is limited. Ourfieldresearch in
Dalonguebougou revealed some of the complexities of the institutional arrangements
relating to access to agricultural inputs. Not every household can afford to dig wells, and
households that cannot afford to attract cattle to stay on theirfieldsfor a while are doubly
disadvantaged. During the day the catde will feed freely on crop residuesfromfieldsin
the neighbourhood, and will probably export nutrients from thefieldsof farmers who do
not own wells to the field where they are temporarily kraaled at night.
Farmers also use wells as part of their soil fertility management strategy. The presence of
privately owned wells in Dalonguebougou is intrinsically related to the presence of
transhumant herds there during the dry season. No transhumant herds pass through
Siguine in the dry season as they are diverted to the Office de Niger, and as Dilaba is a
small village without much land it has never really received them either. Neither village
has wells on itsfieldsto attract and water passing herds, as they were apparentiy never a
realistic option for investment there.
The situation in Siguine and Dilaba has made it clear that as far as access to manure is
concerned there is a class of 'haves' (Class 1) and a class of 'have nots' (Class 2 and 3):
households that possess significant numbers of animals and those that do not.' The Class
1 farmers profit most from the current situation in which cattle grazefreelyon other
farms'fields.They benefit in two ways:firsuy,because their animals feed on fields other
than their own; and secondly, because they have access to most of the dung when the
cattle are kept in kraals on their fields or when they spend the night near the homestead.
Given that the wholesale use of mineral fertilisers is not yet part of the answer to
improving sustainability, research and extension will have to help Class 2 and 3 farmers to
use their available sources of fertility more efficiendy. There are possibilities for improving
compost production and enriching the material with household refuse, manure from
small ruminants, ash from cooking fires, rock phosphate and urea. Farmers are being
advised to use crop residues as a primary ingredient in composting rather than burning
them on the field, and it is interesting to note that after only a year of action research in
Dilaba farmers completely stopped burning crop residues (see Table 8).
Poorer farmers would also benefit from managing their crop residues more efficiendy, as
using more crop residues to produce compost would also limit the transfer of fertility
through free post-harvest grazing. However, this would mean changing a long established
practice, and it could have implications for the existing network of kinship and support.
Some farmers may not welcome such changes. Class 1 farmers particularly stand to lose
the most if free grazing were to stop, and it is they who often help out the poorer farmers.
2
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Crop and fertiliser nutrient content data
Nutrient
Crop/product

Millet

N%

Grams

content

P%

K%

1.85

0.31

0.48

0.70

0.09

2.09

Grains

2.56

0.30

1.57

Residues

1.90

0.11

1.10

• Kraal topsail and manutre

1.21

0.20

1.54

• Compost

0.93

0.15

1.26

• Household refusal

0.52

0.13

0.70

Residues

Cowpea
Organic

Notes

Grains x3-5 = crop residue weight
Grains x 1.49 = crop residue weight

fertiliser

Sources: Duivenbooden N van (1992) Sustainahility In terms of nutrient elements with special reference to West Africa
Report 160. Wageningen, The Netherlands: Centre for Agrobiological Research, Agricultural Research Department,
pp. 13,14 and 24. Anon. (1987) NTarla Agricultural Research Station.

Units of measurement used to determine inputs, outputs and crop productivity
Unit of

Measurement

Material

involved

\Yetgbt in kg

Local unit of measurement, Sigulne

Millet

2

Local unit of measurement, Dilaba

Millet

28.5

Sack

Cowpeas

30*

Millet

80«

Cart

Stalks of millet

150"

Harvested, unthreshed millet, sample 1

330

Harvested, unthreshed millet, sample 2

390

Manure
Bale ('botte')

Cowpea residues

80
1 to 1,5'

a. Dry weight established during fleldwork.
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5. Mixed farming in northern T a n z a n i a
Bart de Steenbuijsen Piters, Patrick Ndakidemi'

Introduction

Agriculture is Tanzania's most important economic sector, providing food and income for
the rural and urban populations. The sector mainly consists of small-scale farmers who
produce crops and livestock with very little capital. Land, and its inherent capital of soil
nutrients, must therefore be considered as one of the nation's most pre dous natural
resources. However, soil fertility is declining in most farming systems, vmich poses an
immediate threat to the sector and will eventually affect millions of people's standard of
living. Meanwhile, agriculture must satisfy the increasing demands for iood and income
made by a growing population. The liberalisation of the Tanzanian economy has increased
the marketing and processing of agricultural produce, thereby increasing the mobility of
soil nutrients, and has also created new opportunities for improving so 1 fertility
management. These trends reflect the major challenges for agricultural research and
extension, and for organisations responsible for rural development.
Agricultural research has traditionally paid considerable attention to pknt nutrition, and a
lot of work has been done in Tanzania researching the optimal dosage far mineral
fertilisers on various crops. However, very few farmers have acted on the resulting
recommendations, for several reasons. Firsuy, they tended to be 'blanket
recommendations' that did not take account of household diversity and the heterogeneity
of farmers' socio-economic situations. Secondly, industrial inputs are difficult to come by
in many parts of the country. Thirdly, the liberalisation of the economy lias increased the
cost of mineral fertilisers and made them uneconomical for many farmers to use.
Most farmers in Tanzania use locally available soil fertility inputs on their crops, applying
farmyard manure, crop residues, compost and household refuse. However, agricultural
research has paid little attention to how these inputs are used, the nature of the farming
system as a whole, or to the fact that there are wide variations in farmers' access to means
of production. Any recommendations for improving soilfertilitymanagement should take
account of these considerations. There is a vital need for research that f acuses on: 1)
integrating potential contributions to soil fertility management, 2) the partidpation of all
relevant stakeholders, and 3) identifying flexible recommendations app :opriate to a
variety of fanners in a changing economic environment.
The government of Tanzania responded to the situation by implementirig the Integrated
Plant Nutrient Management Program in 1998. This program isfinancialy supported by
the Royal Netherlands Embassy, and has a national mandate to support zonal agricultural
research institutes (ZARIs). Its major objective is to use the best available information to
provide farmers with appropriate advice on soil fertility management, working through an
approach based on partidpatory learning and action research (PLAR).
This case study outlines the approach that is currentiy being tested in northern Tanzania,
and presents some of the preliminary results. We shall argue that the best way to develop
sound advice on soil fertility management is by combining farmers' local knowledge with
scientific knowledge from research and extension, and will assess how various methods
and techniques contribute to this approach.
2
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Methodology
T h e PLAR a p p r o a c h

The PLAR approach to soil fertility management is based on three paradigms. The first is
that farmers have an understanding of soil nutrients and their impact on crop and pasture
production.' They are capable of assessing their soils' fertility and deciding how to manage
it. The second is that access to resources varies within and between households. These
variations may be related to gender, knowledge about soil fertility management, or socioeconomic factors, and should be taken into account when analysing soil fertility
management and options for improvement. The third paradigm is that farmers need
flexible recommendations that take account of their knowledge and experience, as well as
the specific biophysical and socio-economic conditions in which they work. These can
only be developed through farmer-based learning and experimentation.
The approach that is currendy being tested in one farming system in northern Tanzania
consists of three phases: 1) the review and assessment of information based on scientific
and fanners' knowledge, 2) identifying gaps in farmers' knowledge and testing PLAR tools,
3) training extension staff in the PLAR approach.
The PLAR approach is based on experiences in Mali that are documented in Part 1 (the
Textbook) and Part 3 (Field tools) of this Resource Guide. It is supplemented with
nutrient flow analysis and system diversity analysis.
The first phase involves participatory assessment of farmers' soil fertility management and
a review of all the relevant information needed to assess the nutrient requirements of
crops in the target farming system. The Food and Agriculture Organisation and staff from
ZARIs have been conducting fertiliser trials in Tanzania since the early 1970s. Much of the
resulting data were conventionally analysed and reported in scientific documents, so the
research was of little practical use to farmers. The available data are currendy being reinterpreted with innovative statistical techniques such as adaptability analysis and
establishing response curves that are typical for the farming system.
Extension staff plays a vital role in the second phase, which involves planning,
experimenting and evaluating activities. Male and female farmers from each category of
household form a village committee that discusses and evaluates the experiments with
scientists and extension staff. This phase also involves a certain amount of training, which
should be directly related to the farmers' experiments. For example, if farmers are testing
techniques to improve the quality of farmyard manure, the training should be focused on
the mobility of nitrogen and its role in plant nutrition.
The third phase involves scaling up all the information available from the first phase, the
farmers' experimentation, and the training curriculum and tools so that they are accessible
to all extension staff working in the farming system. The extension staff that participated
in the earlier phases can then train new extension staff, who will become the mediators in
other villages participating in PLAR. (Note that only Phase 1 had been implemented when
this case study was written up).
6

7

Participatory a s s e s s m e n t o f soil fertility m a n a g e m e n t

The objectives of this exercise were to: 1) understand different farmers' current soil
fertility management, 2) identify constraints and options for improvement, 3) plan
activities for farmers, development agents and researchers.
The assessment was conducted in Ekenywa village, which was selected by the extension
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service because it had problems with soil fertility similar to those experienced by farmers
in the target farming system.
The exercise lasted for three days and was conducted by an interdisciplinary team of
agricultural scientists and members of the extension service. The extension worker from
Ekenywa had informed the village authorities of the assessment and invited about fifty
male and female farmers from different household categories to an initial meeting, which
opened with an explanation of the objectives of the assessment and the PLAR approach.
The first step was to gather all the available information about the number of people in
the village, its households and livestock, the estimated size of the village territory, rainfall,
settlement history, etc. The PLAR team then helped the participants to draw up a map of
the village territory. In this instance two maps were produced because the older
participants did not agree with the younger ones about the dimensions and scale of the
village territory.
Two team members interviewed key informants (mainly old men and women) about local
soil classification and the soils' suitability for crop and livestock production, while other
team-members interviewed gender-based groups about common land use and soil fertility
practices. The groups then discussed what made farmers 'good' or 'poor' soil fertility
managers and identified socio-economic criteria that affect fertility management. They also
identified criteria for wealth ranking, and established three wealth categories: rich,
moderately well-off, and poor households. Sixty households were randomly selected from
an existing list of all the villagers and were classified into one of the wealth categories.
Five, mainly male, farmers from each wealth category, andfivefemale farmers were invited
for the second day of participatory assessment. These women came from different wealth
categories.
On the second day team members interviewed participants from each category, although
they had some problems getting hold of enough of the wealthier farmers, who seem to
spend a lot of time involved in activities outside the village. The household profiles and
wealth ranking criteria were checked, and participants then moved on to the next step,
which was to draw resource flow maps (RFMs) of their farms. They discussed symbols for
the maps and then selected a chairperson to facilitate the exercise. They drew all the
elements of the farm on a large piece of paper (compound, livestock, manure heap, fields,
etc.), and all the inputs and outputs for the most important crop and livestock production
systems. They then showed the flow of resources from their source to their destination,
and drew pie-diagrams to quantify the amounts and contributions from various sources.
The next step was to list all their current soil fertility and conservation practices, and the
constraints and potential solutions, and then rank them according to their importance.
(Each participant had ten beans to distribute according to their assessment of the
practices' importance.) At the end of the day farmers, extension staff and researchers drew
up and discussed a provisional action plan.
On the third day the chairperson from each group of participants presented the results of
their discussions to the other groups, who then commented on the presentations. There
was an open discussion about possible interventions for soil fertility management and the
meeting closed when a plan of activities had been agreed.
8

Nutrient flow analysis

A small team of scientists compiled the RFMs and other information provided by the
participants, and used the NUTMON model to calculate nutrient balances for each
category of household. The unit of analysis was the crop production system (CPS) as a
9

CHAPTER 5

97

sub-system of the farm system. Nutrients coming in to the CPS from the other sub-systems
(the household or animal production systems) are considered as inputs. Any nutrients
removed from the CPS and taken to the household and animal production systems in crop
produce and crop residues are considered as outputs. Figure 1 is a simplified picture of
the farm system and its sub-systems, and of nutrient flows between the sub-system and
related external flows.
The data on inputs were based on farmers' estimates of production and yields recorded
on the RFMs, and the nutrient content of crops was obtained from studies in the region
and more general references. Some of the data on atmospheric deposition,
sedimentation, leaching, and water and wind erosion were not available, and as most data
from comparable studies have not been sufflcientiy validated in northern Tanzania they
cannot be used to make reliable predictions. The results of the quantified nutrient flow
analysis are therefore only indicative, and calculated balances are partial.
10

The farming system

The assessment was conducted in a farming system that is located on the plain northwest
of Mount Meru and on the foot slopes of Mount Kilimanjaro. Farms here are small,
mechanised and mixed, and produce a variety of crops and livestock. The altitude of the
plain varies from 1,000 to 1,800 m. Rainfall is bi-modal, with unreliable short rains from
November until January, and a long rainy season from early March until May. The total
annual rainfall varies from 500 to 800 mm per year. The landscape is characterised by hilly
plains intersected by seasonal streams and erosion gullies. Parent material is volcanic rock,
and the area has been subject to recent volcanic eruptions. Soils are darkish grey and are
predominancy light in texture. They can be classified as Luvic Chernozems, Luvic
Phaeozems, Calcic Chernozems and Vitric Andosols. The natural vegetation of the plain
consists of grassland, bush land and thickets.
The Maasai used the plain as grazing land before the Waarusha established permanent
settlements there at the end of the 19th century. A large number of Ujamaa villages were
established in the area in the 1960s and 1970s. At present, the population of the plain is
mainly composed of Waarusha, but also includes Maasai, Chagga, Iraqw and other ethnic
groups. The population density is about 150-200 habitants per km , but varies according
to the history of the settlement. Former Ujamaa villages appear to have much higher
population densities (200 habitants per km ) than older villages established by the
Waarusha and Maasai (50-100 habitants per km ).
Farm size tends to vary according to the history of settlement. Farms in former Ujamaa
villages are rather limited in size, and their average cultivated area is about 1 to 2 ha per
household. In villages in the semi-arid region further north and northwest of Arusha,
where unplanned settlements grew up before and after the socialist period, the average
farm size is estimated at 6 to 10 ha per household. Average family size varies according to
ethnic background and type of marriage. Maasai families are often polygamous and are
therefore larger (12-15 members per household) than families from the other ethnic
groups (8-10 members per household). Maasai households form a specific group in the
farming system, differing from other ethnic groups in terms of family composition and
land holding.
All the households in the farming system keep livestock, and most of them own
indigenous Zebu and Ankole cattle. The average herd size of the sedentary Maasai is 10 to
30 head of cattle, while other ethnic groups only keep 2 to 5 head per household. The
2
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Figure 1
Nutrient flows of the mixed farming system in northern Tanzania
(Flows marked in bold will be considered for the calculations)
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animals graze freely on village pastureland and cultivated fields after the harvest, or leave
the village territory during the rainy season in search of grazing land. Where population
. density is high, goats, sheep and crossbred dairy cattle are more important than beef
cattle. Farmers tend to own large numbers of small ruminants, with average herds ranging
from 30 to 50 head per household. Dairy cows are stabled and fed with crop residues and
collected grass and fodder. Although many donkeys are kept for transporting crop
residues, manure and water, transport is generally regarded as a major constraint because
of the lack of donkey or ox carts. Women and younger members of the family keep
poultry.
Maize and beans are the main crops in this farming system, and are often grown in
association. They cover a large part of the farm, growing infieldsthat are cultivated by the
whole family. Women grow a large variety of crops, including finger millet, sweet potatoes,
various vegetables, Irish potatoes, pigeon peas, field peas, bananas, cassava and pumpkin.
They are also responsible for sowing and weeding, which is mainly done by hand. Men
grow some coffee and tobacco for home consumption. Mostfieldsare located around the
compound, with the exception of the Irish potato fields that are found at higher altitudes
on the foot slopes of the mountains. Ploughing is mechanised and is either done by
tractor or by animal traction. Many farmers use manure, crop residues and household
refuse, and also rotate crops to maintain soil fertility. As land is becoming increasingly
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scarce, fewer farmers are able to use fallow to restore soil fertility.
There is no typical cash crop in this farming system, but surplus of all crops is sold at local
markets. Cattle are not often sold, but households will often sell small ruminants and
poultry to raise cash for health care or schooling, or to buy inputs. They also earn income
from small businesses, employment in town, renting out land and off-farm employment.
There are extension services in the area, but most of their staff are untrained, have no
transport, and are not up to date on developments in extension. Supplies of mineral
fertilisers and other agro-chemicals are virtually absent in the farming system. SCAPA, a
Swedish NGO, which is integrated into the extension services, has done a lot of work on
land and soil conservation, providing financial support, transport and technical assistance.
There are also a wide variety of churches that support community development in the
area.
The major constraints on crop and livestock production are scarcity of land, water and
wind erosion, unreliable rainfall, insufficient means of transport, expensive agricultural
inputs and low producer prices, and inadequate extension services.
Farmers could improve their production by working on the use of manure and animal
traction, integrating multi-purpose trees and shrubs, water harvesting, introducing
drought-tolerant crops and crop varieties, animal health care, fodder production and
intensifying crop production (of crops such as Irish potatoes and yams).
Results
C u r r e n t soil fertility m a n a g e m e n t p r a c t i c e s

The PLAR team interviewed key informants, such as village authorities and old men and
women, on the first day of the participatory assessment to gauge their knowledge of soils.
Atfirstthey only distinguished between tiftifu (loamy soil) and mcbanga (sandy soil).
Table 1
Local classification of soils, their colour, texture,
uses a n d importance in Ekenywa village
Soil name in Kiswahili

Colour and
texture

Uses

Tifutifu mweusi

Black sandy loam

Tifutifu kijivu

Grey sandy loam

Mchanga mweusi
Morum nyeusi
Morum nyeupe
Mfinyanzi wa n/'ano
Mfinyanzi wa vichuguu

Black sand
Black gravel
White gravel
Yellow clay loam
Grey clay

Maize, beans, wheat, coffee,
bananas, potatoes, cassava,
vegetables, groundnuts
Maize, beans, coffee, bananas,
potatoes, cassava, vegetables,
groundnuts
Sweet potatoes and finger millet
Making bricks
Constructing houses
Plastering and painting houses
Bananas, trees, making bricks

a. Estimated by key informants

100

% of village
land covered
with this soil"
40

40

10
<5
<5
<5
<5

during the assessment
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After some discussion they identified seven soil types (see Table 1) andfivecriteria for
classification: 1) the colour of the topsoil, 2) soil texture, 3) potential land use, 4)
moisture holding capacity and 5) drainage capacity.
Field inspections and secondary data revealed that the vast majority of soils in the village
can be classified as black or grey Andosols with a sandy loam texture (according to the
FAO classification). These soils are well drained and therefore suitable for cultivating a
large variety of crops. The black sands cover about 10% of the village land and are only
used for a few crops.
During the assessment, participants mentioned several times that women are responsible
for soilfertilitymanagement as they collect and apply manure, household refuse and ash.
However, men also maintain soil fertility by rotating crops, planting trees and shrubs,
incorporating crop residues into the soil and controlling the burning of grassland and
fields after the harvest. Farmers of both sexes were asked which practices are used on their
farms, and their answers are presented in Table 2. It seems that the men were not fully
aware of the fact that women use manure, although the women were well aware of what
the men were doing to maintain soil fertility.
Male and female farmers put the use of farmyard manure at the top of their list of ways to
maintain soil fertility. Farmers with cattle (especially dairy cows) produce considerable
Table 2
Soil fertility management practices
(as perceived by men a n d women)
Soil fertility management practice
Use of farmyard manure from cattle
Use of farmyard manure from small ruminants
Use of farmyard manure from poultry
Use of improved farmyard manure
Use of mineral fertilisers
Use of green manure
Use of compost
Use of household refuse
Use of ash
Planting boundary trees and shrubs
Conserving trees and shrubs in the field
Short fallow
Long fallow
Improved fallow
Controlled burning of grasslands and fields
Incorporation of crop residues
Mulching
Inter-cropping with legumes
Crop rotation
Planting pasture crops on contours
Making ridges
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Female farmers (%) Male farmers (%)
(n=26)
fn=77j
71
66
94
83
88
66
94
66
0
ó
0
0
0
10
100
70
100
80
82
66
53
70
0
0
0
0
0
0
100
100
100
100
0
10
100
100
100
50
70
70
94
55

101

Table 3
Soll fertility management practices used on each crop a n d field type
Maize/bean

field

Use of cattle manure
Use of sheep/goat manure
Use of ash
Rotation
Incorporation of crop
residues
Inter-cropping with legumes
Planting trees and shrubs
on contours
Controlled burning

Banana/coffee field

Vegetable plot

Potatoes, cassava,
finger millet,
tobacco field
Rotation

Use of cattle manure
Use of sheep/goat
manure
Planting trees and
shrubs

Use of cattle manure
Use of sheep/goat
manure
Use of poultry manure
Use of household waste
Use of ash
Rotation

Table 4
Resource profiles of the three categories of households
distinguished in Ekenywa
Resource profile

Resource-rich

parameter
Family size
Consumers
Dairy cattle
Local cattle
Small ruminants
Donkeys
Ploughs
Carts
Tractors
Acreage owned (ha)
Acreage cultivated (ha)
Off-farm activities

households
(n=5)
8
6
4
10
100
2
2
1
0-1
1.5
5.5
Employment, trade

Medium-resource
households
(n=5)
7
5
0
3
10
1
1
0
0
1.2
1.2
Small business

Resource-poor

households
(n=5)
7
5
0
0
3
0
0
0
0
1.0
0.5
Waged labour

amounts of manure, which is piled on a heap outside the hamlet during the dry season or
used for vegetable production. The manure from the pile is used at the beginning of the
rainy season to fertilise the maize/beans, coffee and banana fields. During the rainy season
manure from the kraal is taken straight to the fields, and because most farmers lack
transport the fields closest to the hamlet receive the most. Manure from poultry is mixed
with household refuse collected when the courtyard is cleaned, and used by women on
their vegetable and banana fields.
The fields planted with Irish- and sweet potatoes, cassava, finger millet and tobacco do not
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receive inputs to maintain soil fertility. Rotation is the only practice mentioned, but it may
be assumed that the crops benefit from manure applications in the previous season.
Participating farmers were asked to describe 'good' and 'poor' soil fertility managers in
their village. They had very clear views about their counterparts' levels of soil fertility
management, and claimed that they are visible in the field. It was generally felt that 'good'
soil fertility managers apply farmyard manure, plant trees, make ridges and contour
bunds, have clean fields and green crops, and do not burn crop residues in an
uncontrolled manner (Table 3). 'Poor' soil fertility managers do not apply farm yard
manure, do not plant trees, do not make ridges or contour bunds, havefieldswhich show
the effects of water erosion, sometimes burn their crop residues and do not have clean
fields.
Soil fertility m a n a g e m e n t a s a function o f h o u s e h o l d c a t e g o r y

In the wealth-ranking exercise, villagers distinguished three categories of households on
the basis of predominandy visible indicators, such as the quality of housing and the
amount of beer consumed at parties. When interviewed in more detail they mentioned
criteria such as family size, herd size, access to means of mechanised tillage and transport,
amount of cultivated land, and income-generating activities (Table 4).
According to the women and younger men, resource-rich households have several dairy
cows, a herd of local cattle and many small ruminants. They own tillage tools and draught
oxen or tractors and cultivate more land than they own by hiring labour. They are often
engaged in trade or are employed in town and should be considered part-time farmers.
They produce large quantities of manure, mainly from the stabled dairy cows. The
annually available amount of manure can be estimated at 23,000 kg dry matter per year,
which corresponds to about 4,000 kg dry matter per ha per year. Farmers in this category
grow fodder and plant trees along the boundaries of theirfields.They make contour
bunds, which they plant with Elephant grass, Sesbania sp., lucerne and other species. As
they do not produce enough fodder for their needs, they hire labourers to collect grass
from the natural pastures. They remove all their crop residues from the field, including
those from crops grown on land hired from resource-poor households. These farmers
therefore accumulate considerable amounts of nutrients from sources outside their farms,
which partly compensate for the nutrients exported when crops are consumed and sold at
the market. Their main constraints to soil fertility management are the quality of manure
and the availability of fodder.
The medium-resource households own and cultivate about 1.2 hectares of land and can
be considered full-time farmers. They have no dairy cattie, but they do own a few local
cattle and some sheep and goats, and have a donkey for transport. In general these
households do not own a complete set of equipment or a pair of oxen to till their land.
Their livestock graze outside the village for about six months of the year, which means that
considerable amounts of manure are deposited outside the farm. However, the livestock
still leave a significant amount of manure on their owners' land, which may be estimated
at around 2,000 kg dry matter per year from local cattle and donkeys and 1,300 kg dry
matter per year from small ruminants. This corresponds to approximately 3,000 kg dry
matter per ha per year. However, given the problems most of these farmers have with
transport and the feet that manure is taken for other uses such as construction/repair of
houses, the amount actually applied is probably less than the estimatedfigure.Most of the
manure is applied to the maize/beans and vegetable crops. Poultry manure, which is
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Table 5
Estimated amount of crops, residues, manure a n d ash produced
by each category of households
Resource-rich
households

Medium-resource
households

Resource-poor
households

(n=5)
9,000
3,000
2,000

(n=5)
1,600
500
500

(n=5)
500
150
100

11,700
4,200
3,000

2,100
700
600

700
200
100

4,800
5,000
12,500
1,000
200
350

0
1,500
1,300
500
150
300

0
0
400
0
100
300

Maize
Crop production (kg/farm/year)
Beans
Other crops
Crop residue production (kg/farm/year)
Maize stover
Bean straw
Other crop residues
Production of manure/ash (kg/farm/year)
Manure from dairy cattle
Manure from local cattle
Manure from small ruminants
Manure from donkeys
Manure from poultry
Ash from the household

estimated at about 150 kg dry matter per year, is mixed with household refuse and applied
to the vegetables. Farmers in this category do not produce much fodder and plant few
trees along the boundaries of their fields, as the scarcity of land limits the number of trees
they can plant on the farm. They consume most of their crop products and are selfsufficient in food when climatic conditions are not too unfavourable. In good years they
sell the surplus at the market. The major constraints affecting soil fertility management by
these farmers are limited means of transport, scarcity of land, lack of draught animals and
equipment to incorporate crop residues, and the quality of the manure produced on the
farm.
Resource-poor households own about 1.0 hectare of land, half of which is rented to other
households. They have no cattle and no equipment for tilling their land. They own a few
small ruminants which provide a little manure (estimated at 400 kg dry matter per year),
and a few chickens, whose manure (estimated at 100 kg dry matter per year) is mixed with
household refuse. The available manure is generally used on vegetable crops, and the
maize and beans do not receive any nutrient input. These farmers do not often
incorporate crop residues into their soil because they lack the necessary draught animals
and equipment. They do not produce fodder crops on their farms and plant few or no
trees, because land is scarce and they also rent out part of their land to other farmers.
Families in this group consume all their crop products and usually have to buy food
during periods of shortage. They earn cash by working for other farmers and renting out
their land. As they only produce a small amount of manure, transport is not a constraint,
but the available manure is insufficient for soil fertility management and therefore limits
their production. Other constraints include scarcity of land, low yields and insufficient
food production. Farmers in this category have no access to agricultural credit.
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Table 6
Nutrient balances for each category of households (kg/ha/year)

Input/output
Manure
Dairy cattle
Local cattle
Small ruminants
Donkeys
Poultry
Biological N fixation
Total IN"
Produce
Maize grain
Bean pods
Other crops
Crop residues
Maize stover
Bean straw
Total OUT"
Partial nutrient
balances
a. Not including atmospheric

Resource-rich
households (5.5 ha)
(kg/ha/year)
(n=5)
N
P
K

Medium-resource
households (1.2 ha)
(kg/ha/year)
(n=5)
N
P
K

Resource-poor
households (0.5 ha)
(kg/ha/year)
(n=5)
N
P
K

5
6
20
2
0
15
48

0
0

7

4
10
23
2
0
0
39

0
9
10
4
0
15
38

0
1
3
0
0
0
4

0
11
9
3
0
0
23

0
0
8
0
2
10
20

0
0
4
0
0
0
4

0
0
8
0
0
0
8

25
21
4

8
1
2

6
6
9

20
16
5

7

1
3

5
5
11

16
12
2

4
0
2

4
4
6

15
14
69

2

15
13
69

2
1
14

24
8
53

10
8
48

1
0

14

25
9
55

7

16
8
38

-7

-16

-10

-30

-28

-3

-30

-21

7

0
0
0

1

deposition, sedimentation

-31

and contributions

by trees and shrubs

b. Not including leaching, gaseous losses, water erosion and removal by fodder

crops

Several female participants and the village secretary were asked to randomly select names
from a list of households and classify them. The results show that there are few resourcerich households in the village (10%). Most (70%) belong to the category of mediumresource households, and approximately 20% are considered to be resource-poor. This
quantitative classification should be verified by a formal household survey, but the results
provide an indication of the distribution of categories in the village.
Household categories are articulated through functional relationships, such as Wring/
renting land and providing waged labour. There is also a continuous flow of soil nutrients
from resource-poor to resource-rich households as crop produce and residues grown by
the resource-rich on land they have hired from the resource-poor are harvested. Mediumresource households have more autonomy than resource-poor households in their use of
labour and land, but their self-sufficiency is largely dependent on the rainfall.
Quantifying nutrient flows f o r e a c h c a t e g o r y o f h o u s e h o l d s

The farmers in Ekenywa do not use mineral fertilisers. All the manure produced on their
farms can be regarded as inputs into the crop production system. Ash and household
refuse are also inputs, but they do not contain a significant amount of nutrients on a per
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hectare basis. Biological N-fixation depends on the planting density of beans, which varies
according to the household's category.
We have considered crops and maize/bean residues as outputs of the crop production
system. It is assumed that other crop residues are left in the field, ploughed under at the
onset of the rains, and therefore are not an output. Pit latrines are commonly used,
eliminating the nutrients in faeces as they are beyond the reach of tree roots.
There is significant wind erosion in Ekenywa, but its effect could not be estimated within
the context of this study. It may be assumed that the nutrient input from sedimentation is
negligible.
Table 5 presents estimates of the amount of crops, crop residues and manure produced by
each category of households. Table 6 shows the input and output flows, as well as the
nutrient balance of the crop production system for each category of households."
Discussion

Ekenywa farmers have a profound knowledge of their soils, which is reflected in their land
use and soil fertility management. The participatory assessment revealed that farmers
know about and use at least 21 soil fertility management practices. Female farmers seem
to be more involved in soil conservation than male farmers, which may be due to the
traditional division of crops and activities between men and women. Female farmers are
more involved in crop husbandry and the production of food crops than men, who till the
land and focus their activities on the production of cash crops. This division of labour may
affect farmers' knowledge and experience of soil fertility management practices. For
example, because women collect and apply ash, household waste and most of the
farmyard manure, they know more about these inputs than men. The PIAR approach takes
account of this gender-based diversity of knowledge and avoids the common bias towards
male farmers.
The farmers in Ekenywa used several criteria to distinguish seven soil types, which were
all classified as Andosols by the soil scientists participating in the assessment. This lack of
precision is striking when compared to the farmers' classification. It is very expensive to
establish specific scientific knowledge about soils at village level, which will therefore not
be an option when the approach is scaled up. Farmers have a comparative advantage over
the scientists in terms of soil classification because of their long-term experience.
However, they do tend to disagree among themselves about soil classification, especially
between villages and ethnic groups, and not all farmers have the same level of knowledge
about soils. Soil scientists can contribute to the understanding of soils and their use by 1)
verifying the physical and chemical properties of locally identified soil types, and 2)
standardising the classification. Extension staff could then disseminate the classification
within the farming system and give farmers background information about their soils.
The assessment revealed a strong correlation between levels of soil fertility management
and household categories. Participants' descriptions of 'good' and 'poor' soil fertility
managers coincided with 'resource-rich' and 'resource-poor' farmers. They often
mentioned that resource-poor farmers 'do not know' about soil fertility management, but
that could not be confirmed by this assessment. Discussions among groups from each
category of household revealed a pattern of differences in access to resources, which must
be considered as a major factor explaining the diversity in soil fertility management. This
access also affects farmers' experience with and knowledge of soil conservation practices.
The PLAR approach is designed to take account of different levels of knowledge and will
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therefore be able to tailor training to the specific levels of the participants.
The constraints on effective soil fertility management are largely dependent on which
category of households the farmer belongs to. Resource-poor households are not selfsufficient. These are part-time farmers who are unable to apply most soil fertility
management practices to their land, part of which is unavailable to them anyway as it is
rented out to other households. They have little manure, no means of transport, no
capital and limited labour. The nutrient balance shows that the few sources of nutrients
coming into these farms are wholly inadequate to compensate for the nutrients that are
continuously exported as crop produce and the residues that are removed from their
fields. New soil fertility management practices must take account of these farmers'
limitations and 1) exclude capital inputs, 2) be labour extensive, and 3) reduce risks of
crop failure. Farmers in this category could try to improve the quality and quantity of
farmyard manure from small ruminants by improved kraals and bedding (using locally
available litter in the kraal). They could then use the manure on high-response crops such
as yams (Dioscorea spp.J, cassava and sweet potatoes grown near the household.
Medium-resource households are self-sufficient when the rains are good and only sell
agricultural produce when there is a surplus. Farmers in this category are not involved in
income generating activities outside the farm. They have access to farmyard manure from
small ruminants and local cattle, but their manure production is limited by the practice of
grazing their animals on collective land. Another constraint is the lack of transport, which
results in most of the manure being used in the vicinity of the compound. These farmers
need wheelbarrows to transport manure to distant fields, and they could increase their
manure production with improved kraals and bedding. They could try out suitable species
for producing fodder along the boundaries of theirfields,which would make more
livestock feed available and decrease the need for grazing on collective pastures.
Resource-rich households have access to several means of production and produce
surplus in addition to their household requirements. Farmers in this category hire land
that they use for production, but they do not invest in any long term soil fertility
maintenance in these fields by planting trees or even rotating crops. They use most of the
large amount of farmyard manure they produce on their own land. The nutrient balance
shows that small ruminants contribute most to the manure production of farms in this
category, despite the presence of dairy cows. These farmers obtain high crop yields and
sell large amounts of crop produce, but still obtain a less negative nutrient balance
compared with the other two household categories. Farmyard manure is intensively used,
balancing to some extent the export of nutrients in crop produce. These farmers could
improve the nitrogen content of their manure by covering the heap, and use it more
efficiently by ploughing it into the soil. They could also benefit from introducing biofertilisers, inoculating bean seeds with Rbizobium sp., and planting multi-purpose trees
alongfieldboundaries and on contour bunds.
At village level the community should plan the use of pastures and land that are not
suitable for crop production. These areas of the village territory are used for grazing and
contribute significantly to the nutrient balances of all farms, so there should be a collective
effort to preserve the fertility of this land.
The assessment of soil fertility management and options for improvement outlined in this
case study is only the start of the PLAR approach. It is a critical part of the process of
combining farmers' and scientific knowledge, making the best use of all sources of
information. Both the participatory assessment tools and the 'academic' nutrient balance
calculations have proved to be useful, eachfillinga gap in collective knowledge. The
nutrient balance calculations should be improved by quantifying natural inputs and
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outputs such as nutrient loss through leaching and erosion. Models can be used for this,
but the input data need to be validated for the farming system.
The next step in the PLAR approach will be to plan follow-up activities by the various
stakeholders. The farmers will conduct experiments and work on farmer-to-farmer
training and sharing their experiences with counterparts from other villages. The
extension staff and research teams will provide training and support for the experiments,
and if the approach is to be extended to other villages in the farming system a training
curriculum with practical tools will have to be developed. So far the approach has
produced some enthusiastic farmers, but their enthusiasm needs to be sustained by
increased crop and livestock yields in both the short and long term.
Conclusions

The assessment of soil fertility management practices and options presented in this case
study is the first part of the PLAR approach, which combines participatory tools with the
analysis of diversity and calculation of nutrient balances. The results of the participatory
approach are validated by the nutrient balance calculations, but it should be noted that
the nutrient balances need qualitative information to make sense, as they do not stand on
their own. When put into context they can make a valuable contribution to policy
discussions and the identification of research and extension priorities. There are some
limitations in the nutrient balance calculations presented here. One is the absence of
accurate data to calculate the nutrient inputs and outputs by natural processes such as
sedimentation, erosion and leaching. Another limitation is the focus on the crop
production system, as the livestock and household production systems should also be
considered as sources and destinations of soil nutrients. It should be remembered that the
farm is not an isolated unit and that there are nutrient flows between internal and external
sources, such as the collective pastures.
The PLAR approach in northern Tanzania is still in its infancy. The diagnostic assessment
presented here was the first stage of a farmer-based support programme by research,
extension and rural development agents. The PLAR approach not only puts farmers first
during the diagnostic stage, but focuses on their initiatives, experimentation and learning.
Research and extension staff will have to revise their traditional roles as initiators and
developers of 'superior' packages that have proved to be too generalised for farmers to
adopt. Farmers must also change their attitude to research and extension, as they often
expect highly subsidised or even free physical inputs, depending on donors' policies and
political ties. The PLAR approach is much more than another attempt by research and
extension to 'deliver the message'. The only commodity that will be exchanged with this
approach is knowledge.
Notes
1. Farming System Research Programme, Arusha, Tanzania.
2. See Mpiri DB (1994) Improving cattle productivity in Tanzania Dar Es Salaam, Tanzania: Ministry of Agriculture.
3. See Anon. (1996) National sample census of agriculture 1994/1995, Tanzania Mainland. Report Volume m.: Planted
area, crop production, yield estimates, agricultural inputs and related characteristics. Dar Es Salaam, Tanzania:
Statistics Unit and Bureau of Statistics Ministry of Agriculture/Planning Commission.
4. During a stakeholders' workshop organised by the Integrated Plant Nutrient Management Program in March and
September 1999 the term Integrated Plant Nutrient Management (TPNM) was defined as: 'well-balanced nutrient
management by farmers using a range of plant nutrient management options and nutrient sources'. TPNM focuses
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on the factors affecting crop production and the chemical aspects of soil fertility. However, It was increasingly
recognised that soil fertility includes the range of soil chemical, physical and biological factors that affect the
productive potential of the land. This broader view is called Integrated Soil Fertility Management (ISFM), and was
adopted by the stakeholders. In view of the diversity and complexity of soil fertility Issues and the need to involve
farmers in all stages of the learning approach, the Participatory Learning and Action Research (PLAR) was adopted
by the stakeholders (see Defoer T (1999) Report of a support mission on Integrated Soil Fertility Management.
Lake zone Agricultural Research Institute and Mlingano Agricultural Research Institute, Tanzania: April 1999.
Amsterdam, The Netherlands: Royal Tropical Institute).
5. Scoones I, Toulmin C (1999) Soil nutrient budgets and balances: what use for policy? Managing Africa's Soils No. 6.
Brighton, UK: Institute of Development Studies.
6. See Smaling E (1993) An agro-ecologicalframework for integrated nutrient management: with special reference to
Kenya. PhD thesis. Wageningen, The Netherlands: Wageningen Agricultural University.
7. See Steenhuijsen Piters B de (1995) Diversity offields andfarmers: explaining yield variations in northern Cameroon.
PhD thesis. Wageningen, The Netherlands: wageningen Agricultural University.
8. Timetable and activities for the integrated soil fertility management assessment.

Activity

Description

Day 1

Introduction

Introduce team, purpose of the visit and activity programme
Check that all farmer and household categories are represented, and make up

Evaluate participating farmers

the numbers if necessary
Collect information about number of households, livestock, facilities, estimated

Collect information about village

village area, rainfall, history (date of settlement, important events)
Include roads, major settlements, schools, churches, markets, dips, water

Mapping village resources

resources, hills, settlement pattern (old/new settlements), land use (crops,
grazing land, forest, unsuitable land), soil types

Classification of local soil types

Include local names, local description and criteria for classification, suitability
for land use and matrix ranking

Description of land use

For each major type of land use include ownership of land, crops and livestock,
tillage practices, crop husbandry, inputs, rotation, timing of practices, yields
(good/medium/bad year), marketing and prices (crops and livestock)

Soil fertility management practices

Check all possible soil fertility practices with groups of old men, young men and

Wealth ranking

Ask groups of old men, young men, and women to describe rich, medium and

women. Describe 'good' and 'poor' soil fertility managers
poor households
Classify village households

Classify 60-100 households from existing list of village households with key

Invitefivefarmers from each category

Include: rich-medium-poor households and women

informants
Day 2

Introduction

Explain purpose of activities and establish common symbols for flow chart

Check household profiles

Check household profiles by category using criteria of wealth ranking

Nutrient flow charts

Establish the nutrient flow chart for each category, quantify the flows where
possible, use pie diagrams if necessary

Rank IPNM practices

Rank the actual IPNM practices according to importance

Rank and discuss TPNM constraints

Rank the constraints according to importance and discuss their causes

Rank potential solutions

Rank the solutions according to importance and discuss their feasibility
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Day3
Farmers from each category present nutrient flow charts to plenary meeting

Farmer-to-farmer feed-back
Action plan

Establish action plan, making it clear who will do what

Closing ceremony

Acknowledge contributions by all participants

9. NUTMON is a model for nutrient balance calculation, see Smaling E (1993) An agro-ecologicalframework for
integrated nutrient management: with special reference to Kenya PhD thesis. Wageningen, The Netherlands:
wageningen Agricultural University.
Inputs

Outputs

UV 1 Mineral fertilisers

OUT 1 Harvested product

IN 2 Organic manure

OUT 2 Removal of residues

IN 3 Atmospheric deposition

OUT3 Leaching

IN 4 Biological N

OUT 4 Gaseous losses

fixation

IN 5 Sedimentation

OUT 5 Water erosion

10. Nutrient contents of inputs and outputs, and source of reference.
Nutrient

content

Source of nutrients

NXqfDM

PXofDM

KXofDM

Cattle manure

0.57

0.06

0.83

Reference

Goat manure

0.40

0.20

0.70

Ikerra, unpublished

Sheep manure

1.30

0.40

1.00

Ibid.

Poultry manure

1.30

0.80

0.30

Ibid.

Maize grain

1.50

0.47

0.39

Mollel, 1998

Maize stover

0.71

0.08

1.16

Ibid.

Bean pods

3.83

0.22

1.09

Ibid.

Bean straw

1.84

0.14

1.14

Ibid.

Banana fruits

1.11

0.56

3.00

Ibid.

Sweet potato tubers

1.36

0.50

Milk

0.51

0.16

0.09

Ibid.

Ash

0.00

0.03

0.20

Baijukya and de Steenhuijsen Piters, 1998

Efde, 1996; Wlckama and Mowo, 1999

Ibid.

References in note 10: Efde SL (1996) Quantified and integrated crop and livestock production analysis at the
farm level: exploring options for land use of mixedfarms on heavy limestone soils south ofMalang, East Java,
Indonesia PhD thesis. Wageningen, The Netherlands; Wageningen Agricultural University; Wlckama JM, Mowo JG
(1999) Inventory of locally available plant nutrient resources in Kwalei Village, Lushoto District, Tanzania:
African Highland Initiative/Agricultural Research Institute, Mlingano; Mollel NJO (1998) Nutrient balances in
smallholderfarms in mixedfarming systems of northern Tanzania. MSc Thesis. Wageningen, The Netherlands:
Wageningen Agricultural University; Baijukya F, Steenhuijsen Piters B de (1998) Back to class: soil nutrient
balances and social differentiation in the bigb-rainfall zone of Bukoba District, northwest Tanzania Paper
presented at the 15th International Symposium of the Association for Farming Systems Research and Extension,
held 29 November-4 December 1998. Pretoria, South Africa.
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11. Assumptions for nutrient balance calculations

Weight of animals

Dairy cow = 350 kg, local cow = 250 kg, sheep/goat = 25 kg

Maize grain : stover ratio

Maize grain: stover = 1 : 1 . 3

Bean pods : straw ratio

Beans pods : straw = 1 : 1 . 4

Dairy cattle feeding

Dairy cow consumes 10.5 kg DM/day.
Consume cut grasses for 4 months and crop residues for 8 months

Composition of herds of small ruminants

50% of all small ruminants are sheep, 50% are goats

Feeding: local cattle, donkeys and small

Local cattle consume 7.5 kg DM/day

ruminants

Spend 6 months grazing grass on pastures and 6 months grazing crop
residues

Poultry feeding

Poultry feed on crop residues and household waste

Other crops

Bananas and potatoes

Manure from dairy cattle

No. dairy cattle x 1,200 kg DM/year(estl mated amount of manure collected)

Manure from local carde

No. local cattle x 500 kg DM/year (estimated amount of manure collected)

Manure from small ruminants

No. small ruminants x 125 kg DM/year (estimated amount of manure

collected)
Manure from donkeys

Donkeys, like local cattle, produce manure, which is calculated in the same
way

Incorporation of maize stover

High-and medium- resource households feed 80% of maize stover to
animals. Low-resource households do not incorporate maize stover

Incorporation of bean straw

High- and medium-resource households feed 90% of bean straw to animals.
Low-resource households do not incorporate bean straw in the soil

Incorporation of other crop residues

Other crop residues are not incorporated into the soil

Purchased maize from market

Only low-resource households purchase food from market

N-fixation by beans

Beans fix 2 0 , 1 5 , 1 0 kg N/ha according to planting density

Amount of ash

Ash is obtained from firewood. Amount is related to size of family

Removal of nutrients through crops
Production of maize grain

All nutrients consumed by people are deposited beyond the reach of root
systems because of use of deep pit latrines
High-resource households: 4.5 ha x 2,000 kg/ha = 9,000 kg/year
Medium-resource households: 1.0 hax 1,600 kg/ha =1600 kg/year
Low-resource households: 0.4 ha x 1250 kg/ha = 500 kg/year

Production of bean pods

All beans are inter-cropped with maize
High-resource households: 4.0 ha x 750 kg/ha = 3,000 kg/year
Medium-resource households: 1.0 ha x 500 kg/ha = 5 0 0 kg/year
Low-resource households: 0.3 ha x 500 kg/ha — 150 kg/year

Production of other crops

High-resource households produce 2,000 kg/year
Medium-resource households produce 500 kg/year
Low-resource households produce 100 kg/year
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6. Mixed farming in western Kenya
Toon Defoer, Frank Place

1

Introduction

Western Kenya is an area located within the humid tropical highlands to the north of Lake
Victoria. It covers 15% of the total area of Kenya and contains 30% of its population, the
majority of which are Luhyas and Luos. Population density is high, ranging from 500 to
1,200 people per km . The high pressure on land has led to continuous cropping by
subsistence smallholdings. The importance of cash crop oriented farms is limited.
Farmers use little organic or mineral fertiliser and do not compensate for the nutrients
extracted when crops are harvested and their residues removed from the fields, or for
those lost through soil erosion and leaching. They do not produce enough manure to
make an impact on soil fertility; and can only use small amounts of mineral fertiliser
because they are short of cash and unable to get credit. Furthermore, the chemical
properties of the predominant soil types causefixationof phosphorus. The decline in soil
fertility has contributed to a continuous decline in crop production, and most
smallholders can now only achieve average maize yields of around 1,000 kg/ha. The
situation has reached the point where some authors claim that soil fertility depletion in
smallholder farms in Kenya is responsible for the decline in per capita food production.
Impoverished soils are reported to be the major constraint to smallholders' development
and the generation of income from farming, and are therefore a major contributor to high
levels of poverty.'
2

2

3

4

A team of scientists from KEFRI, KARI and ICRAF, based at KEFKI's Regional Research
Centre in Maseno, western Kenya, have responded to the situation by developing several
low-cost soil fertility management practices based on agroforestry. Evidence from trials
managed by the researchers indicates that farmers could get good returns on their land
and labour by growing shrub legumes such as Sesbania sesban, Tephrosia spp. and
Crotalaria spp., as short duration improves fallow. Applying green manure from Titbonia
diversifolia (wild sunflower) to high-value crops such as vegetables also gives a high
economic return on labour. However, despite the potential benefits of these practices,
they have not been widely adopted.
Hence it is not an easy task to develop technologies that have the potential to be widely
adopted under Sub-Saharan conditions, which are characterised by enormous diversity
and complexity. The landscapes and soils in particular form a patchwork of sites with
varying fertility status ratings, and any suggestions for improving soil fertility management
must take account of this environmental variation if they are to be effective. Farming is
also influenced by the prevailing socio-economic conditions and by differences in farmers'
access to resources. Chapter 2 of Part 1 of the Resource Guide (the textbook) has
presented various examples of how access to land, labour, cattle and knowledge differs
between households, and between the sexes and generations within households. These
differences have considerable impact on soil fertility management practices, on how
management is organised and on the type of investments made by farmers.
This wide diversity obviously has consequences for research and development
organisations. As it is impossible to develop single technologies that are appropriate to the
6
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diverse conditions of African farming, research and development organisations should not
focus onfine-tuning'off the peg' technologies. It may be more efficient to promote a wide
range of alternative management practices and prototype technological innovations, with
a set of guidelines on how to try them out under local conditions. It will then be up to the
farmers to experiment with and perfect the alternative options best suited to their agroecological and socio-economic conditions. As such, farmers will have to find out the best
combinations of soil fertility management practices that suit their conditions. The process
of managing the widest variety of possible sources of fertility, combining local knowledge
and decision making with an understanding that stems from research, is known as
integrated soilfertility management (ISFM). Research and extension services are there to
help farmers work through this process.
KEFRI, KARI, ICRAF and KIT joined forces and started a pilot project to develop a
participatory learning and action research (PLAR) approach for integrated soil fertility
management. With the technical options developed partly on-station and partly on-farm,
the PLAR approach is aimed at helping farmers improve their soil fertility management
through on-farm learning, self-discovery and experimentation. The idea is to strengthen
farmers' capacity to test options using the resources available to them, rather than
recommending the 'best' solutions identified by researchers or extension workers.
This case study summarises the results of one year of PLAR in the village of Mutsulio in
Kakamega District. Mutsulio is part of a cluster of villages selected by the Regional
Research Centre (RRC) of Kakamega, which is part of KARI. The PLAR team was composed
of three staff members of RRC-Kakamega and two staff members of the Agricultural
Extension Office in Kakamega, part of the Kenyan Ministry of Agriculture. They received
regular support from scientists from ICRAF, KEFRI (based in Maseno) and from KIT
through support missions.
The paper starts by outlining the PLAR methodology and the major characteristics of the
farming system, and then presents the outcomes of the diagnostic, planning and
experimental phases. There is a particular focus on the various types of diversity
assessment and how their outcomes were used to select representative farmers to try out a
range of options for integrated soil fertility management. Soil nutrient flows and partial
balances calculated on the basis of data derived from farm maps drawn by farmers are
presented next, and the case study concludes with a short assessment of what farmers
learned and how the PLAR process can be sustained and scaled up.
8

Methodology
Participatory learning a n d a c t i o n r e s e a r c h (PLAR)

Analysing farmers' strategies

The PLAR process started with a three-part analysis of the community's land use system.
The first analysis looked at diversity in the landscape and settlement pattern (and its
history), and the way natural resources are managed within the community's land use
system. The second analysis was of farmers' information and communication networks,
and the third considered the different soil fertility management strategies adopted by
farmers in the community. This included classifying farms on the basis of farmers' criteria
for what constitutes 'good' soil fertility management. The selection of 'test farmers' to try
out new soil fertility management practices was based on these three types of analysis.
114

PART 2 CASE STUDIES

The analysis then continued at farm level, and the selected test farmers drew resource
flow maps (RFMs) to visualise their soil fertility management strategies. They were given a
large sheet of paper and asked to draw the different elements of the farm, including fields,
grain and fodder stores, animal pens, compost pits, etc. The current and preceding crops
were noted for each field, and farmers drew arrows to show theflowsof resources
entering and leaving the farm as well as theflowsbetween fields and other farm
components. They then estimated the quantity of all theflowsand labelled each arrow
accordingly. When they had completed the map they presented the outcomes of the
analysis to other farmers, using the RFMs to illustrate their points.
Planning and experimenting improvements

This phase involved organising a farmers' workshop, farm visits, and exchange trips to
innovative farmers in villages around Maseno. The test farmers produced their plans for
the next season and drew new farm maps showing what they had planned to do, which
are known as planning maps. They discussed the proposed improvements and considered
the resources involved, the amount of material they intended to recycle, and which
materials would leave and enter the farm. They then presented their plans to other
farmers at a village meeting.
The planned experiments were designed by farmers and PLAR team members, who
discussed their technical implications and the way they would be monitored. The test
farmers set up a 'village committee for ISFM', which acted as an intermediary between the
PLAR team and the rest of the villagers. It was agreed that it would deal with inputs for the
experiments and would monitor experiments and organise regular meetings with the
experimenting farmers.
Monitoring and evaluating the planned activities

Each test farmer evaluated the results of his/her planned experiments and new practices in
a session with the PLAR team. During the season, the activities that were actually
implemented were noted on the planning maps and compared with the planned activities.
The farmers and the PLAR team then discussed the reasons for discrepancies between the
planned and implemented activities. After the individual evaluations with test farmers,
plenary sessions were held to discuss thefindingsof the experiments and review the
activities of the village committee responsible for ISFM.
T h e nutrient flow analysis

The PLAR process generates an enormous amount of information, which can be collected
on recording forms. The information from the RFMs is noted on several recording forms
relating to 1) farm-level data and 2)field-leveldata, and to various flows; 3) resources
leaving the fields: produce and crop residues; 4) resources entering the fields (fertilisers);
5) resources leaving the household and animal production system; 6) resources entering
the household and animal production systems.
To facilitate the analysis we can use the information from the recording forms to build up
a picture of the system andflowsunder observation. The unit of analysis is the farm
system, which is part of the village land-use system (this consists of the farms and
communally used resources). There are three sub-systems within the farm system: the
crop production system, the animal production system and the household system. They
9
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Figure 1
Standard farm system a n d its sub-systems,
including all possible types of flows
IN cps

OUT cps

INhhs
OUThhs

FARM

SYSTEM

are shown in Figure 1, where relevant information about the sub-systems (such as
cropped areas for the crop production system) is noted in the ellipses. For each of the
sub-systems, links with elements outside the farm system are presented as IN for flows
entering the farm from outside, and OUT tarflowsleaving the farm. links between the
sub-systems of the farm are presented as (INT), referring to internal flows.
Theflowsare outlined below:
Flows entering the crop production system from outside the farm system
Flows leaving the crop production system and farm system
IN**
Flows entering the animal production systemfromoutside the farm system
OUTops
Flows leaving the animal production system and farm system
LNbbs
Flows entering the household system from outside the farm system
OUThhs
Flows leaving the household system and farm system
INTcps^ps Flowsfromthe crop production system to the animal production system
INTapxps
Flowsfromthe animal production system to the crop production system
INTcp^bs
Flowsfromthe crop production system to the household system
INTm<ps Flows from the household system to the crop production system
INTapMs
Flowsfromthe animal production system to the household system
LNTbb^ps
Flowsfromthe household system to the animal production system
INcps

OUTcps

The next step is to introduce a 'common currency' so that we can compare resource flows
and establish a measure of their importance in the farming system. Nutrients are an
obvious choice for a common denominator. However, we do not intend to reduce the
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complexity of soil fertility and its management to the movement of plant nutrients. The
advantage of using plant nutrients as indicators of soil fertility is that they are relatively
easy to measure as flows of resources, and that data on the nutrient contents of plants and
soils are relatively easily available. This analysis only considers nitrogen, phosphorus and
potassium. We also calculated partial nutrient balances at the farm level and the levels of
the different sub-systems. Because we only considered the flows related to farmers'
management practices and did not take account of nutrient losses through leaching,
erosion, volatilisation or denitrification, the calculated balances are partial.
10

Major characteristics of the farming system

The Kakamega district of western Kenya is located just north of the equator. This district
has considerable agricultural potential as it has high, well-distributed rainfall and wellstructured soils of volcanic origin. Rainfall is bimodal, with an average annual total of
1,600 to 2,000 mm. The altitude is about 1,500 m, and the landscape is strongly
undulating with slopes up of to 15%. The main soil types are Ferralsols and Acrisols on the
higher parts of the toposequence, and Gleysols and Nitosols on the lower parts. Despite
the agricultural potential of the region, many soils have a low natural P content or suffer
from high phosphate fixation." In addition many soils have now been depleted by
continuous cropping and minimal nutrient inputs. Table 1 presents the major physical and
chemical characteristics of the dominant Ferralsols of Mutsulio village.
The average farm size in the region varies between 0.5-2 ha of privately owned land.
Fields are generally not very scattered and are fairly close to the compound. Most
households have tide deeds to their land and range from four to eight members, two to
four of whom actively participate in farm activities.
There are two distinct cropping seasons. There is some variation in the point at which the
rainy seasons start and finish, but the long rainy season generally starts in March and
finishes around the end of June, and the short rainy season usually lasts from September
to December. As the rains during the short rainy season are unreliable, large areas of land
are left uncultivated at this time of year. The main crop in the long rainy season is maize
inter-cropped with beans, and farmers also grow sweet potatoes and cassava on a small
scale. Cash crops are rare and only grown in small areas. They include tea, sugarcane,
vegetables (such as kale) and fruit (such as bananas).
12

Table 1
Soil properties (0-20 cm) of Ferralsols in Mutsulio
Parameter
pH (water)
Clay%
Sand %
Silt %
Organic C (g/kg)
N-total (g/kg)
P-Bray (mg/kg)
K-exchangeable (cmol(+)/kg)
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Minimum
5.0
26
30
29
13.5
1.4
1
0.13

Maximum
6.1
40
37
38
19.3
2
2
0.47

11

Average

5.5
34
35
36
16.9
1.7
1
0.23
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Most households own chickens, sheep, pigs, or a few head of the local Zebu cattle. These
animals usually graze on the roadsides and small patches of pasture and fallow land, for
communal grazing areas are steadily declining as more land is taken up by arable farming.
Few farmers keep oxen for draught power; those that do use them especially for
ploughing and often rent them out for ploughing, generating cash for the household that
owns them. Farmers have recendy started investing in dairy cattle, which are crossbreeds
of graded cattle and local breeds. There are still only a limited number of these cattle,
which are kept in a state of semi-zero grazing and are fed cut-and-carry grass. Napier grass
(Pennisetum purpureum) is increasingly cultivated as feed for animals, even by
households with no cattle, who grow it as a cash crop."
Off-farm employment is important for most households as it often generates more cash
than farming activities. These earnings allow farmers to increase the size of their farm,
purchase food, medicine, agricultural inputs, hire labour and educate their children."
There are three major types of off-farm employment: casual agricultural labour, local
micro-businesses and migratory employment in urban areas. Poorer households derive
most of their wages from casual agricultural labour, while richer households tend to work
more in small enterprises or have members who temporarily migrate to urban areas."
Farmers' views on diversity
Diversity in t h e l a n d s c a p e

Mapping the village territory and doing the transect walk clearly revealed the diversity of
the undulating landscape within the village. Farmers pointed out five territory units, most
of which were demarcated by a river or small stream. Within each territory unit they
identified soils from the four major soil types, which are locally distinguished by colour,
organic matter content and texture. Both the territory units and the soil types were ranked
according to the area they cover, Tables 2 and 3.
There are substantial differences in land use, management practices and inherent soil
fertility status between the different soil types. 'Dark soils' are fertile and mainly found
near rivers; they have a high organic matter content and fine texture, and are often used
for growing vegetables and tuber crops such as sweet potato and yam. 'Red soils' have a
poor fertility status, low organic matter content, and are very susceptible to erosion. They
are found on the higher parts of the landscape and are often used as grazing land rather
than for cultivation. Farmers characterise 'Murram soils' as infertile, sandy to gravely and
very sensitive to erosion. The 'Brown soils' are most common in the village territory. They
are moderately deep and well structured, and farmers claim that if they are continuously
cultivated without organic fertilisers, they will downgrade into 'Murram soils', becoming
sandier and more gravely. Red soils and Murram soils are especially susceptible to soil
erosion, and farmers suggested improvements in terms of erosion control and soil fertility
maintenance. According to the farmers, most soil problems relate to workability and
susceptibility to erosion. The constraints and possibilities for improvement vary according
to the soil type.
Only 15% of the farms are situated on a single soil type. Most farmers have access to at
least two types of soil and almost all farmers have access to the relatively fertile 'Brown
soils' (Table 3). Farmers who have access to the poor 'Murram soils' also have at least one
other soil type on their land.
The village map also shows farm distribution within the territory, areas of high and low
118

PART 2 CASE STUDIES

Table 2
Characteristics of the dominant soil types found in Mutsulio
Soil type
Brown soil

Dark soil

Red soil

Murram

Relative
importance
in size
Covers largest
area

Position in the
landscape
Spread within the
landscape

Major
characteristics

• Light brown to
yellow
• Loamy to
sandy-loam
• Moderately
drained and deep
• Well structured
• Moderate soil
fertility
Covers moderate
Near the rivers
• Dark brown
• High organic
to large area
matter content
• Clay to loamy clay
• Very deep and
well drained
• High soil fertility
Covers moderate
On the higher parts • Red to yellow-red
• Low organic
of the landscape
to small area
matter content
• Clay and sandy
clay
• Poor soil fertility
Covers smallest area Unevenly spread
• Light yellow
• Low organic
patches
matter content
• Sand to gravel
• Poor soil fertility

Major use and
management
practices
• Growing crops:
maize, beans, tea,
bananas,.
• Continuous
cropping; use of
mineral and organic
fertilisers

Major constraints

Potential
improvements

• Erosion sensitive
• Loses structure
and colour if no
organic fertiliser
applied

• Terracing
• Application of
manure

• Growing
vegetables and
tuber crops
• Continuous
cropping without
fertilisers

• Sticky; hard to
work
• Water logging and
inundation

• Mainly used as
pasture

• Sensitive to erosion • Soil conservation
• Pastures

• Growing crops;
application of
fertiliser and fallow

• Sensitive to erosion
• (Improved) Fallow
• Tree planting

• Soil conservation

Table 3
Diversity of territory units a n d soil types within Mufsulio territory

Iseso

Ikabakaba
2
16%

Relative importance 1
% of farms
29%
0

Territory units
Vikonga Centre
3
15%

4
13%

V'rvo
5
27%

Soil types
Murram Red Dark
soil
soil
soil
1
2
3
30%
40% 69%

Brown
soil
4
94%

a. Relative importance in size: 1 = smallest; 5 = largest
Note: most farmers are restricted to one territory unit, while they have fields of different soil types

concentrations of farms (indicating the location of smaller and larger farms), and location
of the different land units and soil types. Table 3 shows the distribution of farms within
the village territory of Mutsulio. Farmers identified Iseso as the smallest territory unit,
which is known for its small farms. Despite its size, it contains the highest percentage of
farms and has a higher density of farms than any of the other units.
Kinship a n d o r g a n i s a t i o n a l diversity

All the villagers belong to the Luhya ethnic group, and after making a list of all the
households in the village it was possible to determine how many belonged to each clan
(Tsimbia) and greater family (Vilibwa). Table 4 shows the distribution of farming families
according to clan. Vashimutu is the largest clan, which founded the village more than
hundred years ago. The Vasakala clan settled in the village several decades ago, and the
Varimbuli clan only arrived recendy. The traditional village head (Liguru) belongs to the
Vashimutu clan. There are no major enmities between clans and larger families.
Table 4
Distribution of farm families according to clan
Clan (Tsimbia)

Vashimutu
Vasakala
Varimbuli

Number of greater
families (ViUbwa)

8
1
1

Farm households
(Maboma)

138
28
19

% of form
households
75

15
10

Farmers identified ten major village-based organisations and one external organisation to
which villagers may belong. Most organisations have members from different clans and
focus on religious activities, although they are sometimes involved in agricultural activities
such as weeding or preparing land. One organisation (Kazamoyo) is an association that
supports agriculture by organising revolving credit facilities for its group members so that
they can buy agricultural inputs and livestock. Most villagers (92%) are members of an
organisation, but as not many of them belong to more than one there arefewsocial ties
between them." The villagers who are members of the Kazamoyo group also belong to a
religious organisation.
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Diversity of soil fertility m a n a g e m e n t s t r a t e g i e s

Farmers have Identified several indicators of declining soil productivity: 1) stunted plant
growth; 2) decreasing yields, 3) soil colour changing from dark to light; 4) the appearance
of plants such as Digitaria scalarum ('Couch grass'), Striga spp., Cyperus rotundus ('Nut
grass') and Xanthiumpensylvanicum ('White cotton weed'), which are indicators of poor
fertility; 5) the disappearance of plants such as CommeUna spp. ('Wandering Jew'),
Galinsoga parviflora ('McDonald's eye'), Bidens pilosa ('Blackjack') and Datura
stramonium ("Thorn apple'), which are indicators of good soil fertility; 6) soil
compaction.
Farmers believe that there are three major causes for the decline in soil fertility. Firstly, the
increasing population has led to smaller farms and the need to cultivate continuously. This
makes the land vulnerable to soil erosion and degradation, and leads to poor yields and
food deficits. Secondly, not enough organic and mineral fertiliser is applied to restore the
soils' natural fertility. Thirdly, farmers feel that they do not know enough about
appropriate soil fertility management.
Farmers recognise that there is a core group of practices that constitute 'good' soil fertility
management. Soil conservation is considered a prerequisite for effective land
management. The preferred method is constructing terraces, but contour farming and
planting grass strips on bunds along the contour lines are considered equally acceptable.
Only a few farmers have large enough farms to leave land fallow during the long rainy
season, but those who do not have sufficient land are still considered good managers if
they apply a combination of organic and mineralfertilisers.Other good soil management
practices include timely planting and weeding, and crop rotation. Farmers are well aware
that there are considerable variations in the extent to which they observe good soil fertility
management practices. They attribute these differences to factors such as: 1) labour, which
is vital for implementing soil conservation measures, 2) cattle to produce manure, and 3)
capital to hire labour and buy mineral fertilisers. Other factors such as courage,
information, knowledge and interest in trying out new practices are also considered
important as they enable farmers to improve their soil fertility management.
The farmers classified all the farms in the village according to the way their soils are
managed. The classification distinguished three classes of farm and was based on the
practices that they had identified as constituting 'good' soilfertilitymanagement, as well
as the underlying factors that enable farmers to implement them. Table 5 presents the
result of this exercise and shows the distinction between the farm classes in terms of soil
fertility management practices and related endowments.
16

In-depth analysis of diversity

A short baseline survey was conducted in Mutsulio, which enabled us to verify the farm
classification made by the villagers. The survey included two types of farm endowments
that the farmers had listed as necessary for good soil fertility management: available labour
and cattle. Table 6 shows the relationship between the farm classification and the values
for the two types of farm resource endowment. There are slighdy more active household
members (indicating labour availability) in Class 1 farms than in Class 2 and 3 farms, and
Class 1 farms have more head of cattle than the other two classes. This quantitative
analysis supports the farmers' perceptions of differences between the classes.
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Table 5
Farmers' perceptions of the main management practices a n d
related endowments of the three farm classes in Mutsulio
Characteristics
Management practices

Farm endowments

Class 7
• Soil conservation
• Use of organic
fertilisers
• Timely planting
• Timely weeding
• Crop rotation
• Labour available
• Cattle available
• Cash available
• Courage
• Knowledge and
information

Class 2
• Some
• Some
• Early/late
• Early/late
• Less
•
•
•
•
•

Class 3
• No soil conservation
• Hardly use organic
fertilisers
• Late planting
• Late weeding
• No crop rotation
• Less labour
• Zero to few cattle
• None/very little cash
• Little courage
• Poor knowledge
and information

Average
Few
Little
Average
Average

Table 6
Farm characteristics of each farm class, based on data from a baseline
survey conducted in Mutsulio
Farm characteristics
Number of active men
Number of active women
Number of cattle
Number of sheep
Total farm size (ha)
% of land under fallow
% of farms that grow cash crops (vegetables, sugarcane)
Hired labour for farm work (% of farms)
Work on other farms (% of farms who never do this)
Off-farm employment
Number of cases"
a. Class 1: implementing

most of the good soil fertility management

do so. b. Class 2: implementing

Class 2"
1.1
1.2
1.7
1.1
0.6
8%
43%
98%
60%
12%
60

practices and having most of the endowments

some of the good soil fertility management

required to do so. c. Class 3: implementing
endowments

Class 7"
1.4
1.3
3.0
1.3
1.1
12%
75%
100%
63%
50%
8

Class 3
1.0
1.1
0.9
0.6
0.5
6%
30%
54%
47%
11%
80

C

required to

practices and having some of the endowments

few of the good soil fertility management

practices and having few of the

required to do so. d. The baseline survey was designed by ICRAF and included a sample of 748 individual

farming households; the total number of farming households

in Mutsulio was 784

The baseline survey also shows that farm classes differ in terms of other farm endowments
and the way in which resources are managed. The average Class 1 farm is considerably
larger than the average Class 2 and Class 3 farms. Class 1 farmers can therefore leave more
land fallow to restore soil fertility, and can also invest more in cash crops. Table 6 shows
that 75% of the Class 1 farmers cultivate vegetables and sugar cane for the market, which
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Table 7
Distribution of soil type, membership of village associations,
a n d kinship/clan, for each farm class; total number a n d
(percentages) of farm-households

Soil type
Brown soil
Dark soil
Red soil
Murram soil
Village association
Member of 1 or more groups
Member of the Kazamoyo group
Kinship/Clan
Part of Vashimutu
Part of Vasakala
Part of Varimbuli
Number of cases
a. Class 7: implementing

Class 2"

Class 3°

11 (91%)
6 (50%)
2(16%)
5 (41%)

80 (96%)
59 (71%)
34(41%)
29 (35%)

84 (96%)
64 (73%)
39 (45%)
23 (26%)

175(93%)
129 (69%)
75 (40%)
57 (30%)

9 (74%)
4 (33%)

78 (93%)
2 (2%)

84 (96%)
0 (0%)

171 (91%)
6 (3%)

10(83%)
0 (0%)
2 (17%)
12

62 (74%)
13(16%)
8(10%)
84

65 (73%)
11 (12%)
13 (15%)
88

139 (75%)
28(15%)
19 (15%)
184

most of the good soil fertility management

do so. b. Class 2: implementing

practices and having most of the endowments

some of the good soil fertility management

required to do so. c. Class 3: implementing

Village average

Class 1°

practices and having some of the

few good soil fertility management

practices and having few of the

required to

endowments
endowments

required to do so

is twice the number of Class 2 and Class 3 farmers. Farmers generally invest more in soil
fertility when they cultivate cash crops.
Class 1 and 2 farmers hire more labour to work on their farms and perform less work on
other farms than their colleagues in Class 3. However, Class 1 farmers are involved in
more non-agricultural activities than Class 2 and 3 farmers (see Table 6). This confirms the
findings of Crowley and co-workers, who linked wealth status to off-farm employment,
particularly small businesses."
Table 7 combines the outcomes of the farm classification with the information from the
village territory maps and the diagram of village organisations. It shows that the 'brown
soils' are well distributed among the different farm classes. Class 1 has the highest
percentage of farmers cultivating the relatively infertile 'murram soils', and they also
cultivate less of the more fertile 'dark soils' than the other two classes. It seems that
farmers who have less land with high quality soils or more land with poor soils (Class 1
farmers) are more inclined to practice good soil fertility management.
Table 7 shows that a relatively high percentage of the Class 1 farmers belong to the
agricultural Kazamoyo association. One of the association's main activities is organising
credit facilities to buy agricultural inputs. Farmers who belong to this association have
relatively easy access to fertilisers, and can therefore manage the fertility of their soils
'better' than the other farmers.
One would expect kinship to have some effect on soil fertility management insofar as one
would assume that as the Vashimutu clan founded the village it would occupy the best
CHAPTER 6

123

land and would have accumulated more wealth than the other clans, enabling clan
members to manage their soils better. By the same token, as the Varimbuli clan arrived
later one would assume that they farm under less favourable conditions. However, this is
not the case, as the three clans are relatively evenly distributed across the three farm
classes (see Table 7). Only the Vasakala clan, who arrived quite soon after the Vashimutu
clan, is not represented in Class 1. It would therefore seem that kinship does not have a
significant influence on the way farmers manage the fertility of their soils.
The selected test farmers

The test farmers who tried out new options for improved soil fertility management were
the core PLAR group. They were selected by the villagers, who chose them on the basis of
a number of criteria suggested by the PLAR team. The villagers were first asked to preselect farmers who were interested in experimenting with new practices and who were
known to be good communicators. When it came to the final selection they were asked to
ensure that the selected test farmers were representative of 1) the three farm classes, 2)
the clans in the village, 3) membership of village associations, 4) distribution within the
village territory, and 5) distribution of different soil types.
The PLAR team facilitated the selection procedure using the village territory map,
kinship/clan list and the classification of the farms.
17

The group of fifteen selected test farmers was analysed to see whether the villagers had
taken account of the selection criteria suggested by the PLAR team (Table 8). This analysis
makes clear that the test farmers are well distributed among the farm classes, although
Class 1 is slighdy over-represented. The three village clans are also well represented,
although there are slighdy more test farmers from the larger Vashimutu clan that founded
the village. The four soil types are quite evenly distributed among the test farmers. This
analysis shows that farmers are able to collaborate with the PLAR team and use a number
of specified criteria to make an appropriate selection of 'test' farmers.
Analysis of soil fertility management strategies

The fifteen selected test farmers drew resource flow maps (RFMs) to make a detailed
analysis of their current soil fertility management practices and to identify possible
improvements. A comparison of the RFMs made by farmers from Class 1 ('good' soil
fertility managers) and Class 3 ('poor' soil fertility managers) reveals that the pattern of
resource flows on their farms is strongly related to the availability of resources (see
Table 5).
Class 3 farmers have small farms and grow very little apart from maize in combination with
beans, while Class 1 farmers have more land and grow vegetables, Napier grass
(Pennisetum purpureum) and other crops apart from maize and beans. They sell the
vegetables on the market and use the Napier grass to feed cattle. As many Class 3 farmers
do not have catde, they use household waste and compost as sources of organic fertiliser.
Class 1 farmers apply more organic fertiliser than their counterparts in Class 3, getting
most of it from catde manure collected from the stable. However, they do not produce it
very efficientiy as the manure heap is generally left in the open air and is liable to be
washed away by the rain. They supplement their organic fertiliser with mineral inputs,
while Class 3 farmers rarely use mineral fertilisers.
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Table 8
Repartition of test farmers according to farm class,
kinship (clan), soil type a n d village association
Unit

Number
of farmers

Farm classes
Class 1°
Class 2"
Class 3
Kinship/clans
Vashimutu
Vasakala
Varimbuli
Soil type
Brown soils
Dark soils
Red soils
Murram soils
Village associations
Member of 1 or more association
Member of Kazamoyo
Whole village
C

a. Class I: implementing

endowments

3
7
5

25%
8%
6%

139
28
19

13
1
1

9%
4%
5%

175
129
75
57

15
8
6
4

9%
6%
8%
7%

171
6
184

14
1
15

8%
16%
8%

practices and having most of the endowments

some of the good soil fertility management

required to do so. c. Class 3: implementing

Test farmers as percentage
of the farmers of the unit

12
84
88

most of the good soil fertility management

do so. b. Class 2: implementing

Number of
test farmers

practices and having some of the

few of the good soil fertility management

required to

endowments

practices and having few of the

required to do so

Once they had analysed their current practices, the fanners moved on to discuss
possibilities for improving their soil fertility management. Using the RFMs they focused
on: 1) using crop rotation (food and cash crops) and fallow on various types of soil; 2) the
use of crop residues (stubble grazing, fodder, bedding in the kraal, mulching, trash lines
for soil conservation, fuel); 3) the production and use of organic fertiliser (sources,
quantity and quality); 4) the use of mineral fertiliser (types, quantities, plants indicating
nutrient deficiency); 5) soil conservation; 6) feeding livestock: on-farm sources versus
imported feed.
They considered potential improvements in terms of the cash, labour and transport
requirements, as well in terms of gender and knowledge.
Farmers taking action
Identifying o p t i o n s

At a farmers' workshop the test farmers and the PLAR team reviewed the major outcomes
of the diagnostic phase. The farmers listed their suggestions as to how the main problems
should be tackled, and the PLAR team then suggested alternative options for improved soil
fertility management. At the end of the workshop the options that were thought to have
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the most potential were presented in a matrix (see Table 9).
Although most of the proposed options relate to specific farm classes, the farmers were
free to choose which ones they wanted to try. After the workshop the test farmers paid an
exchange visit to farmers who had been working with the ICRAF team from Maseno doing
on-farm research on improved fallowing, biomass production using Titbonia diversifolia,
and the use of rock phosphate with organic fertiliser.
Soil conservation
Soil conservation is seen as an important element of good soil fertility management. As
Class 1 farmers generally already implement soil conservation measures, these activities
were proposed by Class 2 and 3 farmers. If they have enough labour, farmers only terrace
very steep slopes, as contour ploughing suffices for moderate slopes. If the field is large
enough it is relatively easy to use the A-frame to develop contour lines and to make
contour bunds with the ox plough. Farmers can then follow the contours instead of
ploughing up and down the slope. However, this technique depends on having access to
an ox-drawn plough and also involves training the farmers. The contour bunds can be
reinforced by planting Napier grass and/or multipurpose trees such as Calliandra
calothyrsus. Farmers can then sell the grass or use it as fodder, and can use the branches
of Calliandra for fuel. They can also plant the bunds with sugarcane or Titbonia
diversifolia, which they can use to produce green manure (see Table 9: 3.5).
Recycling more crop residues
Crop residues are often burned or taken from the field to clear the land before it is
ploughed, which results in valuable sources of nutrients being removed from thefield.As
most of the nutrients in crop residues are drawn from the upper layers of the soil,
removing straw depletes the stock of nutrients in the topsoil. Instead of using maize
stover for fuel, it would be better to use branches from deep-rooting trees, as this would
remove nutrients from deeper soil layers that are beyond the reach of most annual crops.
Production of organic fertiliser/biomass
There are three types of organic fertiliser: 1) household waste; 2) manure, which mainly
consists of more or less decomposed animal dung, and 3) compost, which mainly consists
of more or less decomposed plant material. The organic matter and nutrient content of
the soil can also be increased by (improved) fallowing, green manuring and by the direct
application of plant material such as Titbonia.
There are several ways that farmers can increase their production of organic fertiliser:
1. It may be feasible for farmers with sufficient cattle (mainly Class 1 and Class 2 farmers)
to increase the quantity and quality of their manure production. This can be done by
laying maize straw in the kraal. It will retain urine and can more than double the weight of
manure produced per animal. About 1,000 kg straw per cow can be added per year.
Adding straw also significandy increases the manure's K content, and its quality will be
further improved by being stored in a pit for a while before it is applied to the fields.
Adding rock phosphate to the pit improves the decomposition and increases its P content.
2. Farmers who own a few head of cattle (Classes 2 and 3) will only be able to produce a
limited amount of manure. However, they can produce more organic fertiliser by
composting plant material such as maize stalks, preferably near thefieldsto avoid having
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Table 9
Options for integrated soil fertility management identified
during the farmers' workshop
Possible interventions
Class 7° Class 2" Class 3
7. So/7 conservation on eroded slopes
•
•
1.1 Terraces
1.2 Contour marking and
•
•
making bunds; contour
ploughing
1.3 Strip planting on bunds
•
•
Napier/fodder trees
•
Sugar cane
•
•
•
Tithonia
2. Recycle more crop residues
•
2.1 Limit residues used for fuel
•
•
3. Production of organic
fertiliser/biomass on farm
3.1 Increase quantity of manure:
•
•
straw bedding
3.2 Increase quantity and
•
quality of manure
•
3.3 Produce compost near fields
•
•
3.4 Improved fallow
•
•
3.5 Production of biomass:
Tithonia
4, Combined use of organic and
mineral fertiliser
4.1 Combined use of Tithonia
and rock phosphate
4.2 Use of quality manure
compared to normal manure
4.3 Compare different doses of
rock phosphate without
organic fertiliser
a. Class J : implementing

endowments

CHAPTER

Conditions for implementation
Labour
Training; A-frame; plough;
land must be wide enough

For cattle or for sale
For sale
For biomass

Sufficient cattle
Sufficient manure

•

•

Labour
Fallow during short rainy season;
Labour
Labour

•

•

Farms adopting 3.5; P-poor soils

•

•

Farms adopting 3.2; P-poor soils

•

•

most of the good soil fertility management

•

P-poor soils; low pH

practices and having most of the endowments

do so. fa. Class 2: implementing some of the good soil fertility management
required to do so. c. Class 3: implementing

C

practices and having some of the

few of the good soil fertility management

required to

endowments

practices and having few of the

required to do so
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to transport them. They can increase the rate of decomposition and improve the quality of
the compost by adding a small amount of mineral fertiliser (particularly phosphorus).
3. Because the rains have lately become increasingly unreliable, many fields are left fallow
during the short rainy season. The PLAR team suggested improving the short rainy season
fallow by replacing the natural grasses with leguminous shrubs. ICRAF has successfully
tried out this technique with farmers in villages around the town of Maseno, and it may be
an option for all farm classes. It involves sowing a legume shrub species such as
Crotalaria spp., Tepbrosia spp. or Sesbania sesban between the lines of maize when
doing the long rainy season weeding. After the maize is harvested, the land is left fallow
over the short rainy season. The shrubs are harvested and non-woody parts returned to
the soil when the land is prepared for the next long rainy season.
4. Farmers can produce biomass by planting a shrub that is commonly found in western
Kenya and which is easily propagated through cuttings. The leaves of Titbonia diversifolia
have a relatively high nitrogen and potassium content (3.2% for both N and K) and can be
used as green manure, especially for vegetable cultivation. As applying a mulch of Tithonia
is fairly labour intensive, this technique was suggested for Class 1 and 2 farmers, who have
fewer labour constraints and more land to grow the species. If Tithonia is planted in
hedges around fields or on the bunds of contour lines it is easily accessible.
18

Applying organic and mineral fertilisers

The soils of western Kenya are reported to have a low available phosphorus content.
P deficiency can be remedied, but it takes enormous quantities to restore the balance.
Farmers recognise the typical symptoms of P deficiency in maize (stunted growth, dark
green leaves or reddish-purple leaf tips) but they are currendy unable to do much about it
as the organic fertilisers they use generally have a low P content and are only applied in
small doses. Research conducted by ICRAF-Maseno has shown that using rock phosphate
from Minjingu, Tanzania may be an economically sound way of replenishing P-deficient
soils. Combining organic matter (such as green manure from Tithonia) with rock
phosphate can increase the rate at which crops take up E So farmers could experiment
with different doses of manure or Titbonia mulch combined with rock phosphate. For
demonstration purposes it is necessary to select fields that are likely to give a good
response, so trials should be carried out on soils that are characterised by declining
fertility and low available P content.
19

19

Planning and trying out new options

After the farmers' workshop and exchange visit, all the test farmers made a planning map
indicating the crops they intended to grow and any activities related to soil fertility
management that they planned to carry out.
Each of the planned experiments was designed at a meeting attended by the test farmers
and any other interested parties. The PLAR team prepared for these meetings by
consulting relevant publications and contacting resource people. They called in staff from
the Agricultural Extension Office in Kakamega for the experiments on soil conservation,
and approached the ICRAF office in Maseno for information about experiments on
improved fallow with Titbonia and rock phosphate.
The meeting covered the following design issues: 1) the types and numbers of treatments,
2) the size of the experimental plots, 3) site specifications, 4) the inputs and materials
required. The farmers and team also discussed how to observe, measure and register
20
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Table 10
Summary of planned a n d implemented activities for
each farm class (Mutsulio PLAR, 1998)
Experiments

Class 7 farmers'
Class 2 farmers!'
Class 3 farmers'
Planned Implemented Planned Implemented Planned Implemented
5
5(100%)
Contour farming
0
0
0(-)
O(-)
5
2 (40%)
Improved fallow
2
2 (100%)
7
4 (57%)
2
0 (0%)
Improving quantity and quality
2
0 (0%)
5
0 (0%)
of manure*
1 (100%)
Composting near fields
6 (86%)
1
0
7
O(-)
1 (20%)
2
6
2 (33%)
5
Planting 77fhonia
2(100%)
3 (60%)
2
6 (86%)
5
Rock phosphate +
2(100%)
7
organic fertiliser
4
3 (75%)
0
Rock phosphate + Tithonia'
0
0(-)
0(-)
2.4 (52%)
Average number of
2 (75%)
5.1
4.6
2.6
3 (59%)
experiments planned/
implemented per farmer
5
Number of farmers
3
7
d

6

8

h

1

a. Class 1: implementing

most of the good soil fertility management practices and having most of the endowments

required to

do so.
fa. Class 2: implementing

some of the good so/7 fertility management

practices and having some of the endowments

required

to do so.
c. Class 3: implementing

do so. In parentheses:

few of the good soil fertility management

percentage

practices and having few of the endowments

of test farmers who implemented

their planned

required to

experiments.

d. The contour farming experiment consisted of using the A-frame to set out contour lines on a sloping field, digging
lines, moving the soil uphill from the trench and ploughing

trench

along the contour lines. On the control plot the farmer did not

follow the contour lines.
e. The improved fallow trial consisted of a control plot (the farmer's usual practice) and two treatments: one with Crotalaria
mucronata and one with Tephrosia vogelii sown between the lines of maize during the second weeding in the long rainy
season. After the maize is harvested the land is left fallow over the short rainy season. The shrubs are harvested and non-

woody parts returned to the soil when the land is prepared
the next long rainy

f. This experiment consists of applying
phosphate

for the next long rainy season. Maize is grown on the three plots in

season.

per cow, compared

about 1,000 kg of maize straw per cow as litter in the kraal and adding 20 kg of rock

with the farmers' normal

practice.

g. This trial consists of digging a pit close to the field and composting

there a mixture of maize straw (the main

component),

animal dung and grass.
h. This trial consists of planting shrubs along contour bunds or the borders of individual

fields to produce sufficient

quantities

of green manure (see j).
i. This experiment consists of a control plot (farmers' usual method of growing maize and applying
treatments: one with only manure on maize (5 ton/ha) and one with manure combined
The trial is preferably

laid out on a P-deficient soil (recognised

j. This experiment is similar to experiment
by Vthonia mulch at a rate of 5 ton DM/ha

CHAPTER 6

by symptoms of deficiency

(i); the crop is preferably
(as recommended

fertiliser) and two

with rock phosphate

(400 kg/ha).

in plants).

a cash crop (e.g. vegetables)

and the manure is replaced

by O A F ) .
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Information from the experiment, and identified indicators of success. Table 10 presents a
summary of the planned experiments and their implementation.
Table 10 shows that Class 2 and 3 farmers were more ambitious in their planning than the
Class 1 farmers. On average the Class 1 farmers only planned half as many experiments as
the farmers in the other two classes, who were seemingly more eager to learn and to
improve their practices. However, the differences between the classes were less marked
when it came to actually implementing the plans: on average Class 1 farmers implemented
75% of their planned experiments, and the Class 2 and 3 farmers about 50%. The main
reason given for not implementing some of the experiments (particularly the improved
fallow and growing of Titbonia) was lack of labour. All the Class 3 farmers who planned
contour farming as a method of soil conservation implemented the experiment, and the
farmers who lacked transport (Class 2 and 3) were pleased with the results of composting
near the field. It was decided to temporarily postpone the experiment on improving the
quantity and quality of manure because of a lack of time.
Nutrient flows a n d balances

The information gathered during the PLAR process was recorded on recording forms and
fed into a computer using the ResourceKIT software. Typical Class 1 and Class 3 farms
were presented as examples to show the type of information that can be obtained, and
data from the long rainy season was presented.
21

Figure 2 depicts the farm system and sub-systems, their major soil fertility characteristics,
and the resource flows of a typical Class 1 farm. In Table 11 the resourceflowsare
transferred into nutrient flows, using the N, P, K nutrient content figures (see endnote 10),
and partial nutrient balances are calculated for the whole farm and for the crop
production system.
The main crops on this farm are maize inter-cropped with beans, Figure 2. All the maize
produce (2,200 kg from 1.3 ha) was initially stored for home consumption, but some of it
(700 kg) was sold later on. Two-thirds of the beans (150 kg) were sold immediately and
one-third was stored and eaten.
Kale is grown on a small area (500 m ) and all of the produce is sold. All the Napier grass
(1,800 kg) grown on the 500 m plot was fed to the dairy cow, which was also given 200 kg
of purchased feed. Some of the milk produced by this cow was consumed by the
household and some was sold. All the animals (including the local Zebu cattle) were given
bean residues, and they also ate maize residues left in the field and grazed on communal
pastures and roadside verges. Some of the maize residues were burned to clear the land
for the following cropping season. Mineral fertilisers and animal manure were applied to
all the crops.
2

2

Looking at the nutrient flows, Table 11 shows that cattle grazing on communal pastures
(INaps) are responsible for the largest input of nutrients into the farm system. Potassium in
particular is largely imported from outside the farm system through animal grazing.
Phosphorus is also imported into the system but is mainly supplied by mineral fertilisers
in the form of di-ammonium phosphate (DAP).
There are three major sources of nutrients leaving the crop production system: food
crops, animal feed (Napier grass) and crop residues. Only a small proportion of them
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Figure 2
Characteristics of farm system, sub-systems a n d resource flows of
a typical Class 1 farm ('good' soil fertility manager)
IN cps

Crop production system
- Maize/beans: 1.3 ha
- Vegetables- 0.05 fia
- Napier grass: 0.05 ha
- Fallow 0 1 ha

INThhs<ps

INTcpsvps

INT hhs-aps
INTaps-hhs

FARM

SYSTEM

effectively leave the farm system, so the major internal flows (INT) go from the crop
production system into the animal production system (INT<&*w) or the household system
(INTcpMs). As a result all the farm level nutrient balances are positive. For the crop
production system, on the other hand, the balances for N and K are negative, largely
because the nutrients in the Napier grass and bean residues fed to the dairy cow joindy
export over 60 kg of N and about 70 kg of K. A significant amount of nutrients are also
exported from the crop production system in the maize consumed by the household.
However, the P balance of the crop production system is positive, largely because DAP has
a relatively high P content and the P content of most of the other flows is fairly low.
Figure 3 and Table 12 present the same type of information as Figure 2 and Table 11, this
time relating to a typical Class 3 farm.
Figure 3 shows that this Class 3 farmer cultivates less than half the land cultivated by the
Class 1 farmer in the example above. He only grows maize inter-cropped with beans, to
which he applies a small amount of mineral fertilisers supplemented with manure. The
household consumed all the maize crop (780 kg from 0.65 ha) but still had to buy another
200 kg of maize to cover their needs. The farmer sold half of the beans he produced at
market (25 kg), and did not sell any other produce. He gave the bean residues to his
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Table 11
Resource flows, nutrient flows a n d balances for a typical
Class 1 farm ('good' soil fertility manager.
Farm system: 1.4 ha cultivated; 0.1 h a fallow)
Level

Type of

flow

Type of resource

Quantify
of resource (kg)

Crop production /Nq»
system (CPS)
OUTep*

Animal
production
system (APS)

INaps

Household
system(HHS)
CPS-HHS

INw»

OUT**

OL/Tw»
INTqa^s
/NT/As-cps

CPS-APS

/NTqM-aps

/NTaps-cps

Mineral fertiliser purchased (DAP)°
100
Vegetables sold
100
Beans sold
150
Maize residues burned (50%)
1,540
Cow feed purchased
200
Grazing on common pastures
5,200
Milk sold
500
Dung left on pastures'"
600
n.a.
Stored maize that was sold
700
Maize stored
2,200
Beans consumed
50
Compost/garbage on fields
500
Napier grass for cow
1,800
Maize residues grazed (30%)
920
Bean residues fed to cows [100%)
500
Manure on fields
1,500
Dung left on fields
180
Milk consumed
500
n.a.
c

b

APS-HHS

INTaps-Ua

/NThta-ops
Partial farm balances:
IN«« +

/Nops +

1N<*» -

c

OUTcps - OUlap*

Partial CPS balances; 1.5 ha field:

- Olm*

Nutrients displaced (kg)

P

N

K

18
0.9
6.2
9.2
5.8
65.5
2.5
9.0

21
0.1
0.5

0.9
3.9

1.6
7.8
0.5
3.0

2.1
92.6
1.0
3.3

10.9
34.1
2.1
4.8
41.8
6.1
21.8
21.0
2.7
2.5

2.0
6.4
0.1
1.4
4.3
0.7
1.8
7.8
0.9
0.5
-

2.5
7.7
0.2
5.5
54.5
10.7
14.1
25.5
1.0
1.0
-

-

-

-

-

-

-

+50.6 +24.2 +85.1

INcp. + lNTIWcp. + lNOWg» - OUTcp» - INTcp«». - INT*.-**,

-75.7+16.1 -61.0

Partial CPS balances, per hectare (rounded figures)

-50

a DAP: di-ammonium phosphate; b. Urine not taken into account; c. n.a.: not

+11

-41

applicable

single Zebu cow, which also grazes on communal pastures, roadsides and maize residues
left in the field. However, most of the maize stalks are used as fuel.
Table 12 shows that the farm-level partial nutrient balances of this farm are positive. The N
and K balances are about half as high as those for the Class 1 farmer, and the P balance is
also less positive because this farmer applied much less DAP to his crops.
The N and K balances of the crop production system are negative, although on a per
hectare basis they are only half as negative as those of the Class 1 farm. There are two
main reasons for this. Firsdy, the Class 3 fanner does not grow Napier grass, unlike the
farmer in Class 1 for whom Napier grass represents a net output of more than 40 kg of N
from the crop production system. Secondly, the Class 3 farm produces a maize yield that is
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Figure 3
Characteristics of farm system, sub-systems a n d resource flows of
a typical Class 3 farm ('poor' soil fertility manager)
INcps

OUTcps

{

Crop production system

>.

V

- Maize/beans: 0.65 ha
Fallow 0.05 ha

J

INTcps-hhs//

N^VINT aps-cps

//INT

hh&cps

INTcps-aps\\

Household^\
INThhs-aps
/ *" system
\
[
-Members: 3
^ ] INTaps-hhs
/

INhhs

/

<

OUThhs

\

\

- Active members: 2 J
- Food store: 1
/
FARM

Animal
IN aps
7 production system \
[
- Zebu cattle: 3
\ OUT aps
V

- Manure heap: 1

/

SYSTEM

considerably lower (1,200 kg/ha) than that of the Class 1 farm (1,700 kg/ha) and exports
about 8 kg N/ha less than the Class 1 fanner's crop.
This analysis of nutrient flows and balances shows that the availability of animals is very
important for the farm as a whole, as they harvest many nutrients when grazing on the
commons. However, the decline in communal grazing areas means that this source of
inputs is likely to be threatened in the very near future. The crop production system
seems to be in more imminent danger, as soil mining constitutes a major source of N and
K accumulation in the household and animal production systems. Many of the nutrients
remain in the bodies of the farm inhabitants and animals, while the rest is excreted.
There are obviously significant losses occurring within the household and animal
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Table 12
Resource flows a n d nutrient flows a n d balances for a typical
Class 3 farm ('poor' soil fertility manager.
Farm system: 0.65 h a cultivated; 0.05 h a fallow)
Level

Type of flow

Type of resource

Quantity
Nutrient displaced (kg)
of resource (kg) N
P
K
Crop production
Mineral fertiliser purchased (DAP)"
25
4.5
5.3
system (CPS)
Beans sold
OUT».
25
1.0
0.1
0.7
Animal production /No*
Grazing on common pastures
1,800 22.7
2.7 32.0
system (APS)
OUT=p» Dung left on pastures'"
250
3.8
1.3
1.4
Household system JNw»
Purchased maize
200
3.1
0.6
0.7
(HHS)
Maize purchased
200
3.1
0.6
0.7
Ol/TW n.a.
CPS-HHS
/NTq>*M» Maize stored
780 12.1
2.3
2.7
Beans consumed
25
1.0
0.1
0.7
Maize residues used as fuel (60%)
650
4.3
0.5
7.5
INThhKps n.a.
INTcps-apsMaize residues grazed (40%)
CPS-APS
440
2.9
0.4
5.1
Bean residues fed to cow (100%)
125
5.5
0.5
3.5
INTaps-cpsManure on fields
250
3.5
1.3
4.3
Dung left on fields'"
75
1.1
0.4
0.4
APS-HHS
/ N T . * * * n.a.<
c

c

/NTWops

n.a.

c

Partial farm balances:
fNcp, -I- J N

W

+2S.S +7.2+30.6

+ IN«* - OUT*. - OUT^ - OU7W

Partial CPS balances; 0.7 ha field:
INcps + fNTVcps + /NTWgs - OUTm - / N 7 W - INTcp*u*

-17.7

Partial CPS balances per hectare (rounded figures)

-25

a. DAP: di-ammonium

phosphate; b. Urine not taken into account; c. n.a: not

+3.1

+4

-15.5

-22

applicable

production systems as only a relatively small amount of nutrients return to the crop
production system through animal manure and compost/household waste. If the currendy
negative balance of the crop production system is to be redressed, farmers should
consider improving the handling of waste and animal and human excrements.
Although the Class 1 farmer is considered a 'good' soil fertility manager, the analysis
shows that he does not perform better than his counterpart in Class 3, whom the villagers
classified as a 'poor' soil fertility manager. The large amount of nutrients extracted by
Napier grass largely accountsforthe negative balance on the Class 1 farm. Fanners who
grow Napier grass to feed their cattle should therefore be careful to fertilise this crop
adequately, preferably with mineral fertiliser. However, DAP (the compound fertiliser
currendy available in western Kenya) will not improve the negative K balances. Therefore,
more attention needs to be paid to potassium application. This argument is supported by
findings in western Kenya that suggest that potassium deficiency may be more significant
than is generally assumed.
22
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Sustaining a n d scaling up the PLAR process
Starting s m a l l . . .

A year after the PLAR process was started in Mutsulio the PLAR team and the farmers
collaborated on a brief internal review. The objective was to analyse the strengths and
weaknesses of the approach and direct future activities accordingly. This brief review may
inspire other teams engaged in PLAR who also need to consider how to continue the
process and increase its impact.
The farmers were positive about PLAR's usefulness. They found the resource flow
mapping exercises particularly helpful as they enabled them to analyse how residues are
recycled and resources allocated all over their farms. They could then identify and plan
new methods, and ultimately develop alternative ways of managing soil fertility. The test
farmers reported that planning and recording their activities motivated them to
implement them effectively.
The farmers were generally enthusiastic about the new options they tried out, and were
pleased that the PLAR team has fully involved them in planning and designing the
experiments. During the experimental design meetings the farmers showed a keen
interest in monitoring and recording information from the experiments, but in practice
they were not very successful at it. Only a few of the test farmers made notes of their
experimental activities or monitored indicators for success, and the PLAR team did not
push them to do more. This was mainly because the team members had little experience
of the practical aspects of farmer monitoring, and because datafromfarmer monitoring
were not considered a high priority in the light of researchers' conventional data
analysis.
Apart from monitoring their experiments, the test farmers had also agreed to regularly
meet and exchange information and insights about what they had learned through
experimenting. The elected village committee for ISFM was supposed to take a leading
role in this, but did not organise many meetings, mainly because of misunderstandings,
poor communication between committee members and insufficiendy developed
managerial skills. The PLAR team was also not very successful in motivating the farmers to
meet regularly.
23

Despite these shortcomings, the farmers and the PLAR team members all say that they
have learned a lot about how farming is organised. The farmers said that they are better
able to diagnose problems and plan alternative ways of solving them, and that they have
learned several new farming techniques such as combining rock phosphate with manure
and/or Tithonia on maize/beans. This was introduced in the long rainy season of 1998,
and farmers are now experimenting with dosages and with combinations of other types of
fertiliser (both organic and mineral) on beans and vegetables. They initiated these trials
themselves, without the help of the PLAR team. Many 'non-test farmers' have also become
aware of the alternative practices tried out by test farmers through contact with other
farmers, and some of them have started to copy the successful experiments.
However, the PLAR process and its spin-offs are ultimately aimed at a much wider group
than these test farmers and their contacts, so the team and the farmers from Mutsulio
discussed the best way of continuing the pilot activities in the village and of scaling up
activities beyond the village.
The farmers decided that one way of making PLAR more effective would be to organise a
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meeting every two weeks to exchange insights and information obtained from their
experiments. They decided to hold the meetings at the homestead of one of the
participating farmers (who would show the group any experiments under way on the
farm) and that the farmers would take it in turns to host and chair the meetings. It was
decided that the village committee for ISFM would work more efficiendy if the head of the
committee was responsible for organising the meetings and the secretary was responsible
for reporting the findings. They agreed that they should disseminate information beyond
the group of test farmers and that test farmers would introduce new colleagues to the
meetings and pass on information within the traditional village organisations to which
they belong. They asked for a PLAR team member to facilitate discussions, help them
monitor experiments and propose improvements. It was also agreed that it would
encourage people to participate regularly and give the meetings a more formal character if
farmers who attended regularly were given a certificate.
.... widening t h e s c o p e

There are two ways in which the PLAR methods can be extended to new communities.
One way of widening the scope involves scaling up the actual process and its principle of
promoting experimentation, learning and discovery among farmers. This goal is important
because results from western Kenya and elsewhere show that PLAR has a clear impact on
farmers' action and development. However, since implementing a complete PLAR process
demands a lot of human resources, it will not be possible to cover large numbers of village
communities. Therefore another way of widening the scope should be considered, which
implies scaling up some of the methods and tools that have already been proved effective.
Both ways of widening the scope of PLAR for ISFM can go hand in hand, and here we
present the initial steps that are being taken in that direction within the framework of the
pilot project co-ordinated by KEFRI, KARI, ICRAF and KIT (see 'Introduction').
24

The initial experience in Mutsulio has given people confidence in using PLAR tools to
analyse diversity. The analysis of community organisations, kinship structure and farm
classification have proven to be useful for forming village committees for soil fertility
management with representatives from different clans, groups and social networks
covering the wide range of socio-economic conditions that exist within the villages.
At 'sub-location' level (grouping several villages), 'sub-location committees' are being
formed with representatives of the village committees. There are also further aggregations
to the 'location' level grouping several sub-locations. This network of committees is used
to disseminate information about new practices, channel inputs that are required to
implement the new practices, organise credit and facilitate farmer training on issues
related to sustainable land management. For example, the committees organise access to
seed and credit, and broadcast information related to improved fallows and biomass
transfer using TUbonia. The practice is now being implemented in a large number of
villages. The process of scaling-up obviously has to be done within the framework of the
local extension service, which should be responsible for it. Therefore, a programme has
recendy been set up to train extension stafffromseven districts in western Kenya to use
PLAR for ISFM. As afollow-up,a network of farmer committees is being set up in fifteen
locations. To ensure that such formations are institutionally acceptable, the committees
have linked up with existing government-led development committees. Within this
framework, partnerships with all stakeholders are encouraged from both a research and a
development perspective. Such links may speed up the dissemination of new ideas and
25
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give researchers the opportunity to look at alternative approaches to networking.
While the farmer committees are being established, the more fundamental process of
PLAR should be implemented in a number of selected villages. This fundamental PLAR
process will cover the major aspects of experimenting, learning and discovery presented
in the previous sections. However, since this demands a lot of time and human resources,
village communities should be selected that are representative of the major biophysical
and socio-economic conditions, including ethnic diversity. The idea is to share the
outcomes of this intensive learning and action research process within the network of the
farmer committees that are being established in the seven locations in western Kenya.
Ideally at least one village should be selected from each location where a farmer
committee network is established. Within this network, PLAR villages can become centres
of rural knowledge and can play an important role hostingfieldvisits and providing
farmers with new insights and the confidence to try out new practices. The idea is that
farmers who have been involved in the process can communicate knowledge to other
farmers more effectively than researchers or extension workers. For practical reasons it
may be wise to start small and allow the newly trained extension staff and researchers to
become familiar with PLAR. The first selected villages should not be too far from Mutsulio
so that the village committee members can be involved and help the villagers in the new
sites set up their own fully fledged PLAR process. They can also help prepare RFMs and
demonstrate new techniques, arrange exchange visits to Mutsulio, etc.
Researchers definitely have a role to play in extension, PLAR and the dissemination of
information. They can use their knowledge to suggest techniques for farmers to test as
they think appropriate, and they therefore need to regularly attend planning and
evaluation meetings. The researchers that were involved in Mutsulio could help to train
extension staff and also help farmers to improve their experimental work. This would be a
two-way learning process that could then feed back into thematic research agendas.
Researchers involved in PLAR should be responsible for exploiting the data and nutrient
flow analysis, which can give farmers and researchers useful information and a clearer
picture of how the farming system works.
Researchers have always been interested in getting results from technological
interventions, and they should now be equally interested in getting results from
institutional interventions. Research cannot make an impact unless the methodology for
developing technologies is sound, the technologies themselves are appropriate and
feasible, and there is an effective means of disseminating them. Each element requires
research that involves a certain amount of participatory diagnosis, monitoring and impact
assessment - a different type of research that is not easily amenable to standard controls
and treatments or large numbers of replicates. Nonetheless it is possible to devise
hypotheses about the effectiveness of different processes and even to measure and analyse
them quantitatively. Researchers who want to change things for farmers should rise to this
challenge.
Conclusion

Both the farmers and the PLAR team felt that the PLAR tools helped to improve their
understanding of the way their farms functioned, and to enable them to analyse their
current soil fertility management and identify appropriate options for improvement. The
farmers were encouraged to try to integrate and adapt the various options according to
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their resources and particular needs.
This case study also shows that resourceflowmaps (RFMs) are a useful way of collecting
information that can be used as the basis for calculating nutrientflowsand partial
balances. The results of this quantitative analysis clearly helped all participants to gain a
clearer understanding of the functioning of the farming system.
However, this experience also highlighted the fact that the process needs some fine-tuning
to become more effective. Extending the PLAR process beyond the test farmers from
Mutsulio will present new challenges for the regional research and development
organisations. We hope that the lessons learned and issues presented here may inspire
other teams to set up and sustain participatory learning and action research for integrated
soil fertility management.
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7. Cotton farming in northern Benin a n d
mixed farming in southern Benin
Bertus Wennink, Gustave Dagbenonbakin, Valerien Agossou'

Introduction

Diagnostic research carried out in different parts of Benin has indicated that sustainable
agricultural development is being seriously compromised by declining soil fertility. This
has been attributed to soil mining* and to the fact that fewer farmers are following the
traditional practice of leaving land fallow to restore soil fertility. Land is now under more
or less constant cultivation in the south, where population pressure is very high, and the
cultivation of cotton in the north has led to the land being cropped for longer than it was
in the past.*
Agricultural research in Benin is increasingly focusing on the restoration and maintenance
of soil fertility. Several technologies have been developed, tested and made available to the
extension services, but they have not been widely adopted. Over the last few years
farmers have become more closely involved in farming system research and extension, and
the farming system research team (Recherche-Développement, R-D) has developed a
participatory approach to extension work at village level (Approche Participative Niveau
Village, APNV). However, although the APNV operates at village level and is intended to
support development in rural communities, it does not always take account of the
diversity within the community, and so is not always appropriate to the various types of
farms within a village.
This chapter opens with a short description of the institutional context and the fawning
systems in which we worked while developing the methodology. It continues with a
presentation of the initial results of tests conducted in two sites: one in the Banikoara area
of northern Benin, where cotton is a major crop, and the other in the densely populated
Adja Plateau in the south. The chapter closes by looking at our experiences with the
methodology and considering the implications for R-D and extension work with farming
communities.
2
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1

Institutional context a n d farming systems
Agricultural r e s e a r c h

The Institut National des Recherches Agricoles du Bénin (INRAB) is in the process of
decentralising, and is setting up regional agricultural research centres (Centre de
Recherches Agricoles, CRA) in an effort to respond more effectively to farmers' needs.
Their remit is to develop and manage regional programmes that integrate thematic
research and farming system research (Recherche-Développement, R-D). R-D links thematic
research and extension by testing the technologies developed on-station or on-farm by
thematic research and making them accessible to farmers. The same methodology is used
across the country by four multidisciplinary R-D teams.
R-D in Benin aims to adapt agricultural technologies to farmers' needs through an
mterdisciplinary and participative approach.
8
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There are three stages to this approach: 1) diagnosis and analysis, 2) farmers'
experimentation with appropriate technologies, and 3) extending these technologies in
an intermediate stage known as pre-extension, where the robustness of the technology is
tested. Farmers conduct tests or experiments on a voluntary basis, carrying them out on
a small scale to minimise any risks. The experiments are bound by some basic rules
regarding the size of the experimental plots, the maximum number of treatments, etc.,
and the research team are responsible for supplying farmers with the necessary inputs.
The pre-extension phase involves a large number of farmers testing a technology under
real-life conditions. At this stage particular attention is paid to performance and to any
potential problems the extension service might encounter while transferring the
technology. In 1994 the R-D approach started looking at village territory management
(gestión du terroir) in its broader context, and subsequendy developed a participatory
approach for work at village level (Approcbe Participative Niveau Village, APNV). This
enabled R-D to look beyond individual farms and to consider the village territory, focusing
on the management of natural resources, encouraging farmers to participate and inviting
different socio-professional groups to share information.
Agricultural e x t e n s i o n

Agricultural extension is organised out of the regional CARDERs (Centre d'Action
Régionalepour le Développement Rural), using the Training and Visit system (T&V).
Diagnostic work carried out with farmers identifies which of the technologies produced by
research need to be extended, and detailed leaflets about these technologies are discussed
at monthly technology review workshops (Atelier Mensuel de Revue des Technologies,
AMRT). These workshops are an opportunity for research and extension staff to exchange
experiences and information and to ensure that the extension process takes account of
the results of research. However, although the leaflets describe the application or use of
the technologies, they provide little specific information about the conditions in which the
technologies may actually be appropriate. There is afixedtimetable for field
demonstrations, which are attended by farmers' contact groups. When the extension
service adopted the APNV approach in 1997, staff started conducting the diagnostic stage
in a more participative way, and farmers' knowledge and experience are now regarded as
valuable inputs in the development process. Various socio-economic groups have also
become involved in the diagnostic stage, identifying problems that farmers have managing
their resources, and their contribution to the diagnosis helps provide a focus for the
technology review meetings."
9
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Contacts between research and development agents

Research and extension complement each other on two levels. In the field, extension staff
are involved in evaluating experiments done by farmers and facilitated by the R-D, and
they also use research to develop protocols for the pre-extension tests conducted outside
the villages where the research test sites are located.
The agricultural research centre (CRA) organises an annual meeting of the regional
committee for research and development (Comité Regional de Recherche et de
Développement, CRRD) which is attended by representatives from research, extension and
farmers' organisations. This is aforumto present the results of research and propose new
subjects for future research, and it is also the point at which CRRD decides which
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programmes and subjects will be retained and funded. Extension agents and researchers
organise their own preparatory meetings before the annual committee meeting.
Farmers' organisations

Farmers have set up village groups (Groupement Vlllageois, or GV) to deal with cotton
production. These groups are organised into regional Unions, which have managed the
supply of agricultural inputs since 1991. CARDER is currendy helping them to take
responsibility for some agricultural extension work as part of a programme designed to
transfer responsibility to producers.
The cotton a r e a of Banikoara

Banikoara, which is situated in northern Benin, is the country's most important cottonproducing zone. It has one rainy season that lasts from April to October, and an annual
precipitation of about 1,000 mm. The landscape is that of a typical catena: the soils at the
top of long slopes contain a high percentage of gravel or stones, and the land at the
bottom of the slope is wide and flat. The soils are mainly leached Acrisols, with a sandy
top horizon and gradually increasing clay content. The vegetation consists of degraded
savanna forest. Population pressure is low, with about 20 people per km , although there
is a high annual growth rate of 4%. The main ethnic groups are the sedentary Bariba who
grow crops, and the Peulh who keep cattle. The Gando were originally part of the Peulh
tribe but have now been integrated into Bariba society.
The agricultural development of the zone has largely been determined by cotton
cultivation. Good institutional infrastructure, accessible credit facilities and a guaranteed
price for their produce have encouraged many farmers to cultivate cotton, and the
extension service has provided many farms with ploughs, etc. for animal traction. The area
of cultivated land doubled between 1980 and 1992, when it was estimated that 39% of the
arable land in the area was cultivated or was covered by young fallow vegetation. About
45% of cultivated land is under cotton, which is grown on nearly every farm. Migrant
herders have been bringing their herds to spend the dry season in the zone for some time,
and the number of cattle in the area has risen as increasing revenues have enabled farmers
to create their own substantial herds. Studies have established that overstocking is now
common during the dry season, and that classified forest and protected areas provide a
significant amount of grazing for the visiting herds."
2
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The Adja plateau

The Adja plateau is situated in the south of Benin. It has a sub-equatorial climate and
average annual rainfall of about 1,100 mm, which falls over two rainy seasons. The long
dry season lasts from November to March and is followed by a long rainy season, then
after two dry months the short rains fall from September to November. The predominant
soils on the plateau are the potentially fertile Nitosols, but they are largely impoverished.
Apart from small areas of protected sacred forest, the natural vegetation has been
completely replaced by oil palm fields." The population density on the plateau is relatively
high, standing at over 320 people per km . The population is increasing annually by 4%,
although this is partly balanced by an outmigration of nearly 2%. The main ethnic group of
the plateau is the Adja people. '
The agricultural system is mainly influenced by the high population density and by oil
2
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palm, which is used to produce palm oil and palm wine or distilled liquor. The pressure
on land has led to very small farms andfields,and to an individualisation of the Adja
society, a process in which the extended family has gradually been replaced by the nuclear
family. The last natural fallow was cut in the 1960s and turned into palmfields.The palm
plantations are in fact used as a kind of fallow now, which also produces valuable
products. In 1985 76% of the arable land on the Adja plateau was covered with oil palm
and associated crops, and 17% by palms grown to produce oil.
16

Methodology
Objectives

The objectives set by R-O for the diagnostic and planning phases are as follows:
1. to make farmers think about the way they manage the fertility of their soils and to
motivate them to become involved with action research;
2. to increase scientists' understanding of the various problems and constraints involved
in managing soil fertility;
3. to work with farmers on identifying possible improvements in soil fertility management
that are appropriate to their socio-economic situation;
4. to develop a range of technologies and accompanying measures that are inspired by
both farmers' knowledge andfindingsfrom research.
17

Sites a n d p a r t i c i p a n t s

The first test was carried out in 1998 in Kokey, northern Benin, as part of the R-D
programme in Borgou Province. The programme also involved PADEC (Programme
d'Appui au Développement de la Commune) of Kandi, a community development project
supported by the Netherlands Development Organisation (SNV). The diagnostic phase
was conducted by a team composed of R-D scientists, members of CGT (Cellule Gestion de
Terroir - a unit that works with village-based environmental management), representatives
of the CARDER of Borgou Province, and facilitators from PADEC. The farmers' experiments
were planned to run from late 1998 to 1999 and were facilitated by a mixed team of R-D
scientists and members of the CGT.
As a result of this experience PADEC agreed to collaborate with the R-D team from Borgou
on action research in their zone of intervention. In 1998 and 1999 they implemented the
diagnostic and planning phases in six villages where PADEC is active. The approach was
also tested in the village of Ahohoué in the south of Benin ' in early 1999, at the request of
the national centre for agro-pedology (Centre National d'Agro-Pédologie, CENAP). CENAP
had been conducting fertiliser trials on maize there since 1996 as part of a programme
funded by the International Fertiliser Industry Association (TEA), and was interested in
using a more participative approach. The diagnosis and planning were done in a single
session by a team composed of R-D scientists from southern Benin, members of the CGT,
representatives of the CARDER of Mono Province and technicians from CENAP.
The initial preparation consisted of listing all the farms in the village, collecting basic
information about them and their means of production, noting farmers' membership in
local organisations, and getting local extension staff to help them identify villagers who
were knowledgeable about the village and its inhabitants and who could act as local
resource people. R-D scientists and members of the local extension staff paired up to
implement the different action research phases, preparing material for the diagnosis and
18
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planning session, and writing accompanying guides for the process.
Information was collected on all the farms in Kokey and Ahohoué, and then a third of
them were selected by random sampling to retain a limited but representative working
group for the two- to three-day diagnostic phase. This consisted of 39 farms from Kokey
and 75 farmsfromAhohoué.
Analysing c u r r e n t soil fertility m a n a g e m e n t p r a c t i c e s

The diagnostic work done in 1998 had been inspired by work carried out in Mali, and
the methodology used in 1999 was revised according to these experiences, with
information from field tests for the PLAR Resource Guide. It is briefly outlined below.
At a village meeting the sampling procedure was explained and farmers were divided into
four working groups. One was exclusively male, the second was composed of women, the
third was made up of young farmers, and the fourth was a mixture of people from
different socio-professional backgrounds. The first three groups investigated diversity in
soil fertility management practices and the fourth was responsible for drawing the village
territory map. A group of local resource people were identified and selected on the basis
of their knowledge of the village and its inhabitants, and were later asked to classify
farmers according to their perceived ability to manage soil fertility.
The groups used a prepared map of the village that accurately recorded the dimensions of
the territory but did not show infrastructure, etc. The farmers drew in salient landmarks
and identified different types of soil, and then discussed their qualities and constraints.
First the team explained how farmers use different strategies to cope with declining soil
fertility, and noted that these strategies are largely determined by differences in access to
resources. Then they explained that this exercise was limited to looking at soil fertility
maintenance, so that other practices aimed at producing higher yields (such as spraying
against pests) would not be discussed. The groups analysed factors that contributed to
'good' fertility management, and were asked why they amounted to proper management.
They looked at how these factors are characteristic of the farms, their resources and the
way they are managed, and gave each practice and factor that contributes to good soil
fertility management a symbol so that it could easily be understood and discussed. At a
plenary meeting it was agreed that if two of the three groups thought a practice or factor
was important for good soil fertility management it would be retained as a criterion for
proper soil fertility management.
The group of resource people was then asked to classify the farms in the village. A card
was made for each farming household, which was given a score for each criterion for good
soil management. The score was marked on the back of the card to make the process
more objective, and then used to classify the farm into one of three groups. Group 1
consisted of capable soil fertility managers who used appropriate practices and were well
endowed with resources; Group 2 were moderately capable managers who implemented
some good practices but did not have access to enough resources to implement them all;
and Group 3 were the least capable managers who implemented very few good practices
and had few resources. After the initial classification the group was shown the farmers'
name on the front of each card, and were given the opportunity to confirm or change the
classification.
The next step was to select a group of 'typical' farms and farmers that had to be 1)
representative of their class, 2) havefieldson at least one of the dominant soil types, 3) be
known as an innovator, 4) be a good communicator, and 5) be a member of a farmer
organisation.
20
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The team discussed with each of the 'typical' farmers the resourceflowson their farms. In
Kokey these discussions involved the head of the household and the household member
responsible for field operations, who is usually well informed about the work on the farm.
When households consisted of a nuclear family, which is often the case in Ahohoué,
discussions were held with the head of the household (male or female). This exercise
involved farmers drawing a map of their farm that showed all the farm components, the
flows of the previous season's harvested products, the use of the previous season's crop
residues, and the application of mineral and organicfertiliserson each crop, etc. The
previous and preceding season's crops were noted for each plot. The farmers used these
maps to discuss how they actually manage soil fertility on their farms and to talk about
their criteria for proper soil fertility management. The maps also helped them to identify
the problems and constraints they experience with soilfertilitymanagement, organising
household labour, their available means of production, crop husbandry, and problems
related to access tofertilisers,credit and markets.
Planning activities

The R-D scientists helped the farmers decide how they could best improve their soil
fertility management with the resources available on their farms. They then discussed: 1)
problems identified during the diagnosis, and the constraints involved in implementing
improvements, such as the level of technical knowledge required, organising activities,
and access to inputs, credits and markets; 2) technologies that could help improve fertility
management; 3) what could be done to solve the anticipated constraints.
The first planning session took place In December 1998, when a group of farmers from
Kokey considered the best way of producing farmyard manure in kraals during the dry
season. (They had already discussed their current methods of producing manure). They
held a second series of individual planning sessions using planning maps in April and May
1999, when they decided which experiments would be conducted over the next rainy
season. In Ahohoué the experiments for the next agricultural season were planned as
soon as the diagnostic phase was completed.
Results
Results f r o m t h e n o r t h : Kokey

Table 1 presents the farmers' typology of the soils found in the village territory, in
decreasing order of their importance in the territory. The soils are distinguished
according to colour, texture, and how the crops grown on them develop. The village
territory map made by the farmers complemented the information previously collected
about the toposequence of the area. Discussions with farmers revealed that almost all the
arable land in the village territory is actually under cultivation, except for the corridors
used by passing herds.
22
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Farmers' iypology of the village farms

Table 2 shows that farmers of all ages and both sexes usually agree on criteria for good
fertility management. Women do not mention fallowing as an appropriate practice, but as
they are allocated land by the head of the household they do not possess fallowing land.
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Table 1
Farmers' typology of the soils In Kokey village territory
Soil types
White sandy soils
gnan;

Brown sandy soils
containing clay
gnani-pogou
Red sandy soils
containing clay
pogou-gnani
Red soils containing
gravel
kpessoha
Dark clay soils
pogou

Soils on the plateau
kperou

Characteristics
Deep soils, poor waterholding
capacity, easy to work

Potential and constraints
Decreasing fertility after two to three
years of cropping (cotton, sorghum
and maize). Infestation by Striga sp.
and Cenchrus biflorus.
Deep soils, good waterholding C a n produce good yields of cotton,
capacity, easy to work
sorghum and maize for four years or
more without being fertilised. Striga sp.
present, susceptible to erosion
Shallow to deeply developed, Decreasing fertility after three years or
medium waterholding capacity, more of cropping (maize, cotton and
relatively easy to work
groundnuts). Presence of Striga sp.,
water stress
Shallow soils with gravel or
Require fertiliser to maintain good
stones, poor waterholding
yields of cotton, maize and sorghum
capacity, difficult to work
Can support rice cultivation for at least
Deeply developed soils,
ten years without fertiliser. Waterrelatively good waterholding
logging, compacted when dry
capacity, difficult to work, rich
in organic matter
Very shallow, contains stones
Incapable of producing a crop,
grazing areas, firewood

Table 2
Farmers' list of criteria for good management a n d factors responsible for
differences in soil fertility management
Criteria

Males

Management practices
Flat cultivation
Crop rotation
Production and use of manure
Rotating kraals on the fields
Fallowing
Using recommended doses of mineral fertiliser
Explanatory factors
Ownership of oxcart
Draught oxen and equipment to plough
Number of head of cattle
Availability of labour
• Criterion mentioned by the group
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The youngsters usually work for the head of the household, who is normally in charge of
distributing the fertilisers, which may explain why they do not see using mineral fertiliser
as an important part of soil fertility management. The women have not cited labour as a
factor in good fertility management, even though they are constrained by having to work
the household's communal field before they can cultívate their private plots.
Farmers classified the farms by giving them a score for each of the criteria for good soil
management. Table 3 presents the average values obtained by the three farm classes for
each soilfertilitymanagement practice. The values for factors relating to how available
resources affectfertilitymanagement come from the initial inventory of the farms and
their means of production.
24

The relatively high number of Class 2 farmers who rotate kraals is probably explained by
the fact that some farms in this class are run by Peulh families. This also explains why this
class owns more animals than the other two classes.
The differences between classes are more marked for 'flat cultivation', which requires
available oxen and ploughs, and 'manure production and use', which involves collecting
dung from kraals and transporting it to the field in an oxcart. Few of the farms in Class 3
have the equipment for any of these activities.
There are also noticeable differences in the way farmers rotate crops, leave land fallow,
produce and use manure, and move kraals around theirfields.The first two practices
require available land, and the third and fourth are related to the number of animals on
the farm. Class 3 farms are small and have fewer animals than Class 1 and 2 farms. The
farm inventory revealed that Class 1 farms do not have land under fallow, possibly because
Table 3
Average values for each of the criteria for good soil fertility management
as a function of farm class
Criteria
Management practices'
Flat cultivation
Crop rotation
Production and use of manure
Moving kraal around the field
Fallowing
Using recommended dose of mineral fertilisers
Farm resources
No. of ox-drawn carts
No. of draught oxen
No. of ploughs
No. of head of cattle
Area cultivated (ha)
Area under fallow (ha)

Class 7
(n = 8)

Class 2
(n = 15)

Class 3
(n = 7 6 )

1.9

2.0
2.1
2.5

0.1
2.4
0.7
2.3
1.8
2.3

0
1.4
0
0.8
0.8
1.8

0.6
5
2.0
28
15
0

0.3
4
1.7
34
10
0.8

0.3
3
1.0
16
6
0.2

2.9
1.5

a. These values are the averages of the farmers' scores. For 'crop rotation' and 'fallow' 3 = good, 2 = moderate,
and 7 = poor; for the other criteria concerning

management

practices 4 = good, 3 = moderately

good, 2 = nof very good,

and T = poor.
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human pressure on land means that farmers feel they have to cultivate all their land to
maintain their right to it.
Soil fertility management practices

The farming enterprise usually consists of a household that spans several generations.
Decisions are made by the head of the household, who allocates plots and farm inputs to
the wives and children. In the larger Class 1 and Class 2 farms one person is usually
responsible for the farming operations.
The fields are usually grouped together about 4 km from the compound, and household
members working on them over the agricultural season live there temporarily in small
huts. During the dry season draught oxen are kept in a kraal on the compound and fed on
forage that is stored there under cover. Farmers often dig a pit to collect and compost
animal droppings. With the pressure on the land mounting, households are making the
temporary accommodation on the fields more permanent, and establishing their farms at
these seasonal settlements.
Table 4 gives an overview of the soil fertility practices implemented by each class of farmer.
The Table is based on information gathered during discussions with three farmers from
each class.

Table 4
Overview of soil fertility management practices implemented
by each class of farmer
Class 7
Class 2
Yes
Yes
Mostly cotton - cereals
Cotton - cereals - cotton
- cotton
Cotton - cotton - cereals
Cotton - cotton - cereals Cereals - cereals - cotton
< 5% leguminous crops 5-10% leguminous crops
in the rotation
in the rotation
Recycling crop
Leaves of leguminous
Leaves of leguminous
residues
crops, up to 75% of all
crops and up to 30% of
maize stalks, and some
all maize stalks are
sorghum stalks are
collected for feed
collected for feed
Kraaling directly on
Organic fertilisers Kraaling directly on the
field
the field
Animal droppings collected
and transported to the field
Mineral fertilisers Cotton, 100 kg/ha NPK Cotton, 150 kg/ha of
NPK+ 50 kg/ha of urea
+ 50 kg/ha of urea
Maize, 50 kg/ha of NPK
Maize, 100 kg/ha of
NPK+ 50 kg/ha of urea + 50 kg/ha of urea

Fallowing
Crop rotation

Cfass3
No
Cotton - cereals - cotton
Cotton - cotton - cereals
5-10% leguminous crops
in the rotation
Leaves of leguminous
crops and up to 30% of
maize stalks are collected
for feed
Some kraaling directly on
the field

Cotton, 150 kg/ha of
NPK + 50 kg/ha of urea
Maize, < 50 kg/ha of
NPK + < 50 kg/ha of
urea
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Although Class 2 and 3 farmers still have a small amount of land under fallow, the farming
system is changing as a result of the introduction of mineral fertilisers and the ox-drawn
plough. Human pressure on land has limited its availability, which means that fallowing is
no longer an option for many farmers although they can now use fertilisers to extend their
land's productivity beyond the previous limit of aroundfiveyears.
The principal food crops are maize, bulrush millet, sorghum and groundnuts, which are
also grown as a cash crop. After the land is cleared, cotton is generally planted first,
followed by and alternated with cereals. Class 2 and 3 farmers tend to grow the same crop
on the same plot for two consecutive years, possibly because they have less available land.
Cotton is their only reliable cash crop, and if they use mineralfertilisersthey can still get
good yields from growing it two years in a row. Some of the Peulh farmers in Class 2
cultivate more cereals than cotton as they often have difficulty getting credit to produce
cotton. Farmers who rotate cereals on the same plot for two years tend to grow maize first
and then sorghum or millet, which still give good yields on impoverished soils.
Leguminous crops do not tend tofiguregready in crop rotations (see Table 4).
All the farmers collect about 90% of the leaves and twigs from cowpeas and groundnuts
and store them to use as dry season feed for draught oxen. They burn about 80% of their
cotton residues (following extension service recommendations) to counteract the risk of
cotton pests, and about 80% of their sorghum stalks, which do not decompose well on the
field. They consider this afertilisingtechnique, as it frees nutrients and allows them to go
back into the soil.
Before they migrate, transhumant herds graze on crop residues left on the field after the
harvest. Farmers estimate that up to 75% of their maize stalks and about 20% of their
sorghum and cotton residues are removed through open grazing. Class 1 farmers also
often collect sorghum residues to feed their draught oxen, mixing anything that is left
uneaten with dung from the kraal.
The fields arefertilisedwith animal droppings that are either applied directly by kraaling
or collected and kept in a manure pit before being transported to the field. During the dry
season the herd spends several nights in a kraal, which is usually moved around the field.
Fanners estimate that it takes a tethered animal seven nights to fertilise 16 m of land for
thefollowingcropping season. Class 1 and 2 farmers tend to use this method more than
their counterparts in Class 3, and it is mainly restricted to fields close to the homestead as
animals left further away run the risk of being stolen. Class 1 farmers collect the most
droppings from the kraal and transport them to the outfields, while few Class 3 farmers
can do this as they do not own many cattle and often have problems negotiating manure
contracts with Peulh cattle herders.
Mineralfertilisersare principally used on cotton and maize. Most farmers keep to the
recommended doses for cotton (150 kg of compound NPKfertiliserand 50 kg of urea per
hectare), although farmers from Class 1 tend to use slighdy less fertiliser than
recommended. They probably maximise their cotton production by extending their fields
onto their fallow land, although less land is now available for fallow. Application rates vary
on maize, at around 150 kg of compound NPK + urea per hectare for Class 1,100 kg/ha
for Class 2, and less than 100 kg/ha for Class 3. We were unable to calculate the average
yields obtained by each class as there was insufficient data, but as a rough guideline cotton
yields tend to be between 1,000 to 1,200 kg/ha, and maize yields between 700 and 1,500
kg/ha.
Most of the farms owned by Peulh were classified as belonging to Class 2. These farmers
live in settlements around the village and practise transhumance during the dry season,
although they now also grow an increasing amount of cotton as a cash crop. The fields,
2
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which are given to them by the Bariba chiefs, are mainly fertilised by kraaling. The Peulh
and Bariba have lived alongside each other harmoniously for many years, with the Peulh
taking care of Bariba cattle and supplying them with manure. However, the relationship is
becoming more strained as both groups now have to compete for the same resources, and
access to crop residues and pastureland is causing tension between them. Because they
lack access to credit facilities the cotton fields of the Peulh farmers are usually smaller than
those of the Bariba.
Suggestions for improvement

After the resource flow maps had been discussed with individual farmers they were
presented at a village meeting to which all farmers were invited. Table 5 presents a
summary of the suggestions for improved soil fertility management, which included
recycling cereal crop residues as animal feed, using cotton and sorghum residues to
produce farmyard manure (depending on available transport), growing leguminous crops
in rotations, and applying mineral fertiliser to maize. Soil erosion is a local problem in
Kokey, and it was suggested that trash lines would be the best method of controlling
erosion in the fields.

Table 5
Suggestions for improved soil fertility management
Suggestions for improvement
Class 7
Produce farmyard manure
•
while kraaling animals
Produce farmyard manure in
compost pits by the fields
Burning crop residues
Use residues as animal feed
*
(maize, sorghum)
Use residues to produce
•
manure (sorghum and cotton
stalks, maize refuse)
Poorly rotated crops
Adhere to cotton - cereals or
leguminous crop - cereal rotations
Insufficient leguminous crops
Develop better crop rotation
•
in the rotation
schemes, including a higher
proportion of leguminous crops
Insufficient use of mineral
Improve use of mineral
fertiliser on maize
fertiliser on maize
Insufficient transport to handle Negotiate credit to acquire
crop residue and manure
equipment
Soil erosion on fields
Apply anti-erosion measures
•
(trash lines)
Problems/constraints

Insufficient production and
use of manure

• Action planned
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Planning the experiments

Farmers used the results of the diagnostic phase as the basis for planning experiments
with: 1) using cotton and cereal residues to produce farmyard manure in the kraal; 2)
improving crop rotation and including leguminous crops; 3) improved cultivation of
maize; 4) supplementary feed for animals.
The group that planned the experiments with manure production in the kraal was mainly
composed of Class 1 and 2 farmers. They had previously discussed the role of organic
matter in the soil, their current practices, and ways of using crop residues to increase soil
organic matter. The planning session dealt with the various steps involved in transforming
crop residues, mixing them with dung and urine in the kraal, storage and transport of
manure. It was left to the individual farmers to choose the site of the kraal, what to build it
out of, and when to produce the manure. Farmers had started a similar experiment in
1998 based on a single mode of manure production developed in Mali. However, they
had experienced problems with the proposed site and material used to construct the
kraal, thé distance between the kraal and the fields, and with animal hygiene in the kraal
during the rainy season.
The planning sessions with individual farmers took account of their specific objectives and
available means of production. Their planning maps were used to consider the best ways
of setting up more balanced crop rotations, including leguminous crops in rotations and
observing recommendations for cultivating maize. During the rainy season several farmers
conducted experiments on 1) rotating cotton/cereals or leguminous crops/cereals, 2) flat
cultivation, 3) sowing the correct amount of maize in lines, and 4) fertilising maize with
different combinations of organic and mineral fertilisers. As a result of the planning
sessions, ongoing experiments with these techniques, which had previously been
conducted on special plots measuring 0.25 to 0.50 of a hectare, were scaled up to farm
level.
A second series of individual sessions with farmers has been programmed for the end of
the harvest period. These sessions will look at using crop residues to produce farmyard
manure and giving farm animals a more balanced diet during the dry season.
25

Results f r o m t h e s o u t h : A h o h o u é

Table 6 presents the two types of soil distinguished by farmers in their village territory.
The red soils, which are locally known as the 'terres de barre', are the most dominant
(> 75 %).
The farmers' typology of the village farms

All the farms are made up of small plots that are scattered around the village territory, and
in total most comprise less than one hectare of cultivated land. Individual plots are often
far from the homestead and are commonly borrowed, rented out or sold - to the extent
that more than 50% of the land cultivated by Class 2 and 3 farmers is leased from other
farmers from Class 1. At the time of writing the yearly rent for 1/4 hectare plot was 7 US #.
The nuclear family is currendy the primary unit for agricultural production, and nonagricultural economic activities are often another important source of income. Family
members earn money from a variety of activities such as fermenting cassava, extracting
palm oil, distilling alcohol, and off-farm activities such as small-scale trading. Class 1
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Table 6
Soli types in Ahohoué distinguished by farmers
Soil type
Red soils
gnigbandjoun
Black soils found
in depressions

Characteristics
Deep soil, poor water retention
capacity, low organic matter content
Deep, grey or black soil, good
water retention capacity

Potential and constraints
Soils dry out easily and are poor in
nutrients. Crops are maize and cotton
Soils do not dry out easily, but are
prone to waterlogging. Good for
cultivating tomatoes and ladyfinger

Table 7
Ranking soil management practices a n d factors that affect
their implementation
Criteria
Management practices
Application of mineral fertiliser
Application of household refuse
Recycling crop residues
Including leguminous crops in rotations
Cultivating Mucuna
Working the soil
Applying rock phosphate
Planting or protecting trees in the field
Fallowing
Explanatory factors
Availability of cash
Availability of labour
Availability of land
Regular contact with extension agent
Availability of a bicycle
a Ranking according

to order of

Female
farmers

9
6
7
5
8
3
4
2
1

7
8
3
5
4
9
6
2
1

9
6
8
7
5
4
1
2
3

25
20
18
17
17
16
11
6
5

1
2
3
4
4
6
7
8
9

5
3
4
2
1

4
5
1
2
3

5
2
3
4

14
10
8
8
5

1
2
3
4
5

Youngsters

1

Score

Ranking
Order*

Male
farmers

importance

households are generally polygamous, and many Class 2 and 3 farms are run by women
(usually widows) and youngsters who have returned from a stint in Nigeria or the Ivory
Coast. The young farmers often work as hired labourers on Class 1 and 2 farms.
Table 7 shows how male, female and young farmers ranked various soil management
practices. They all thought it was important to use mineral fertilisers and household
refuse, and the male farmers (who distribute land to their wives and children) also
prioritised cultivating the green manure crop Mucuna (Mucuna prurfens), which assumes
that the land is available for a season. The women were more concerned about soil
preparation and clearing the fields (which is one of their tasks), and mobilising sufficient
labour. They gave less priority to recycling crop residues than the men or young farmers.
There was little difference in how the male and young farmers ranked the explanatory
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Table 8
Average values for the criteria for good soil fertility management
as a function of farm class
Criteria

Class 3

Class 1
(n = 22)

Class 2
(n = 32)

2.8
2.7
2.9
2.9
1.8
1.1

2.3
2.4
2.9
2.4
1.1
1.2

2.0
2.9
3.0
2.6
1.0
1.1

1.5
1.3
2.5
2.2

1.4
1.3
1.8
1.6

1.1
1.0
1.4
1.0

Management practices
Application of mineral fertiliser
Application of household refuse
Recycling crop residues
Rotation with leguminous crops
Cultivating Mucuna
Soil preparation
Explanatory factors
Availability of money
Availability of labour
Availability of land
Visited by the extension service

in

= 21)

factors. The women gave access to bicycles a high score as this enables them to transport
household refuse (which is often their only source of fertility) to their private plots. The
first six practices and first four explanatory factors were retained as criteria for the farm
classification, and every farm was given a score according to how it implemented the
practices. Table 8 presents the average values calculated for each class of farm.
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This Table shows how the farm classes vary in terms of implementing good soil
management practices and in terms of resource endowment. Class 1 and 2 farmers differ
most in their application of mineral fertiliser, inclusion of leguminous crops in rotations
and cultivation of Mucuna. As Class 2 farmers have less land, they are less able to grow
Mucuna, which can only be used as green manure. Locally its grains have no commercial
value, since preparing them as food is difficult. The two classes also varied in their
application of mineral fertilisers, which is clearly related to available resources and the fact
that Class 1 farmers have the most available cash. Class 3 farmers (who have the least
endowments) try to resolve the problem by using more household refuse to fertilise their
fields.
Soil fertility m a n a g e m e n t practices

Table 9 gives a summary of how each farm class manages soil fertility. It is based on
information gathered during sessions with individual farmers. Oil palmfieldsare generally
owned by Class 1 farmers, who grow palms for a variety of reasons - to allow the land to
rest, to generate cash from palm wine and oil, to producefirewoodand forage, and as a
way of securing ownership.
The palmfieldstend to function as improved fallow, for when the oil palms are young
they are inter-cropped with annual crops. They are left as a pure stand when mature and
are cut down after 15 to 30 years.
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Table 9
Overview of the methods used by each farm class
to m a n a g e soil fertility
Class 7
Improved fallow Palm fields
Crop rotation
Maize - cotton
Maize - cowpeas
Cultivation of Mucuna
Recycling crop
Leaving residues to
residues
decompose on the field
Collecting residues from
leguminous crops for feed
Cutting palm fronds
for feed
Use of organic Application of
fertiliser
household refuse
Cultivation of Mucuna

Use of mineral
fertiliser

Maize: 1 5 0 k g N P K +
50 kg urea per ha
Improved maize:
1/2 dose IFA

C/ass2

Class 3

Maize - cowpeas
Maize - cotton

Maize - cowpeas
Maize - cotton

Leaving residues to
decompose on the field
Collecting residues
from leguminous crops
as feed

Leaving residues to
decompose on the field
Collecting residues
from leguminous crops
as feed

Application of
household refuse
Application of refuse to
farmer's own plot or
close to the homestead
Maize: at variable rates,
lower than
recommended dose
Improved maize:
1/2 dose IFA

Application of
household refuse
Application of refuse to
farmer's own plot or
close to the homestead
Maize: slight and
variable application,
less than recommended
dose

Maize, cassava, cowpeas and groundnuts are grown as food crops, and cotton,
groundnuts, red pepper, tomatoes and ladyfingers are also grown as cash crops. Cassava,
tomatoes and ladyfingers are often grown in association with other crops. Households
cultivate their plots with simple manual tools such as hoes, and vary their patterns of
rotation according to the available land. The most common rotations are maize (long rainy
season) followed by cotton grown as a relay crop or cowpeas or groundnuts (short rainy
season). Class 1 farmers with enough land grow Mucuna to get rid of the invasive grass
Imperata cylindrica.
Every farm in Ahohoue recycles all of its crop residues, either leaving them to decompose
on the fields or taking them home to feed the goats that are found in most households.
Farmers used to burn residues, but one of the conditions imposed by the International
Fertiliser Industry Association (IFA) programme was that they should abandon this
practice. As they needed the credit that came with the programme they complied.
Almost all the farmers put household refuse on their plots. It is a particularly important
source of organic matter for women farmers, who have limited access to credit for mineral
fertilisers. Some of the farmers who own relatively large farms only use mineral fertilisers
on their fields and leave the household refuse for their wives to put on their private plots.
Most household refuse contains the cob leaves from maize, but some Class 2 and 3
farmers burn them off at the beginning of the agricultural season because they do not
have enough labour to transport them to the fields. The Class 2 and 3 farmers who lease
land only put household refuse on their own plots or use it close to the homestead if they
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have plots there.
Farmers either buy mineral fertiliser from the market in Togo or get it on credit from
farmers' associations. Its use seems to be largely dependent on the farmer's financial
position, and it is applied in widely varying doses that are generally below the rate
recommended by the extension service. Class 1 farmers come closest to the recommended
doses on maize, using 150 kg NPK per hectare and 50 kg of urea per hectare, while Class 2
and 3formersapply far below the recommended rate. Whatever their classification,
farmers seem to be very selective about the way they use fertilisers, and will take account
of crop development and rainfall before applying them.
We were not able to calculate figures for average yields with the information available on
crop yields, but they are generally between 420 and 800 kg/ha for maize, and between 200
and 660 kg/haforcowpeas. The results obtained from the IFA fertiliser experiments in the
village indicate that improved maize varieties can yield up to 1,400 kg/ha when they are
fertilised correctly.
Our sessions with individual farmers and their resource flow maps revealed that none of
them used the doses recommended by IFA on their experimental plots. They only
applied half the recommended dose on improved maize and used the other half on local
maize and the tomatoes and lady fingers they grow as cash crops. IFA obviously needs to
change its intervention strategy in the village.
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Suggestions for improvement

The sessions with individual farmers provided aframeworkfor suggestions about how to
improve their soil fertility management, which are summarised in Table 10. They include
using more fertiliser on both local and improved maize varieties, growing Mucuna to
improve the soil and to counter the weed Imperata cylindrica, digging pits to collect and
compost maize residues, and tackling erosion by working the soil across the slope to
reduce runoff and sheet erosion. Class 2 and 3 farmers (particularly the latter) have
Table 10
Suggestions for improving soil fertility management
Prob/ems/consfro/nfs
Insufficient doses of
mineral fertiliser on maize

Suggestions for improvement
Class 7
Negotiate fertiliser credits with IFA
Increase doses of fertiliser on maize
•
to keep to production objectives
•
Rotate with Mucuna (fields)
Rotate with Mucuna
(infested parts of fields)
Dig pits for composting maize residues
Renegotiate the clauses of the lease

Infestation of fields by
Imperata cylindrica
(sign of poor soils)
Burning crop residues
Not allowed to cut palm
fronds that interfere with
annual crops
Plots at the end of their lease Renegotiate the contract to lease land
Erosion in the fields
Implement proper soil cultivation
•
techniques
• Action planned
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serious problems with access to land and credit, and it was suggested that some kind of
credit agreement should be negotiated for them with LFA.
Planning experiments

The activities planned to improve soil fertility management focused on: 1) using fertiliser
on local and improved maize varieties to achieve production targets; 2) including as much
Mucuna as possible in crop rotations; 3) maximising the use of post-harvest residues
(maize cob leaves).
The doses for local maize that farmers agreed to were 100 kg/ha of NPK and 50 kg/ha of
urea, and doses for the LFA experiments with improved maize were adapted according to
farmers' means. The farmers opted for two recommendations: the original one of 200
kg/ha of NPK and 200 kg/ha of urea, and one adapted to the farmers' practices during the
first years of experimentation under D?A guidance.
The Class 2 and 3 farmers' plans included growing some Mucuna to improve the degraded
parts of their fields, digging pits near the granaries to compost maize cob leaves, and
taking as much compost to the fields as available labour and transport permit.
Discussion a n d conclusions

The two study sites described in this paper differ in terms of their ecology, resources,
problems and opportunities for development. In the north, in Kokey, the farmers have
benefited considerably from the intensive institutional support given to cotton
production. Despite the fact that this support has led to a blossoming cotton sector,
however, the system is inherently weak because it has focused on improving production
by increasing the amount of land under cultivation, and this pressure on land is
threatening the use of fallow as a way of restoring soil fertility. Moreover, the current
widespread practice of burning cotton and sorghum residues suggests that the farm
system is losing considerable quantities of nitrogen. One logical place to look for a
solution would be the large livestock system, which produces an enormous amount of
manure. However, although some organic manure is produced though kraaling, cattle are
generally poorly integrated into the crop production system. Farmers need to use more
crop residues for manure, and R-D and extension should prioritise work on integrating
the crop and livestock systems. If they focused on the farm system as a whole instead of
using the more sector-oriented approach adopted to promote cotton, extension could be
much more effective in the region. Farmers could use income from cotton to buy
equipment such as oxcarts, which would really help to speed up the process of
integration.
In the south in Ahohoue, farmers have gradually adapted their production system to the
environment. They use oil palm as both improved fallow and as a productive species,
include leguminous crops in their rotations, apply fertiliser fairly judiciously to various
crops, and use their crop residues efficiently. In short, they are ideal candidates to
collaborate with R-D and extension on developing the production system.
However, the pressure on land has contributed to social differentiation, where one
category of farms is marginalised. Class 3 farmers are particularly disadvantaged in terms
of access to land and credit, and therefore in their capacity to improve their soil fertility
management. They lease land for short periods and so have little incentive to invest in
maintaining its productivity, and they also have difficulty getting credit as they are poorly
represented in farmers' organisations. They need credit to buy mineral fertilisers so they
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can increase their yields and also return more biomass to the soil in the form of crop
residues. R-D should concentrate on helping farmers fine-tune their strategies for using
fertiliser (particularly on maize) in a way that is appropriate to their available resources,
and extension should look for ways to reinforce local capacity to manage credit.
Methodology: the lessons learned

The village level diagnosis was based on a third of the farms in the village and was carried
out by several groups. The village territory map was produced by the groups representing
different socio-professional categories, while the farms were classified by groups of
resource people. The only work done by subgroups was identifying the criteria for
appropriate soil fertility management. This seems to be a quick and efficient way for a
small R-D team (of three people) and CARDER representatives to gather and process
information.
Analysing the diversity of soil fertility management practices and classifying the farms are
two central elements of the diagnostic phase. It is essential that they be properly facilitated
in order to determine fanners' criteria for judging their peers' capacity to manage soil
fertility. The typology drawn up by farmers helps scientists and extension staff to
understand the socio-economic heterogeneity of the village, and its consequences when
farmers try to manage the fertility of their land. The village territory map revealed a
considerable amount of information about the environment, which was not really
investigated. For example, in the north the soils vary tremendously, even within a single
farm. This diversity affects fanners' choice of crops and rotations, and should be taken
into account in farm level diagnostic and planning sessions as well as when experiments
are monitored.
The group of resource people were asked to decide which farms were typical of their
class, and we became aware that their choice was often influenced by factors that were not
really discussed or made explicit. To ensure that they really are representative, the team
should be able to check the selected farms against the data collected during the initial
farm inventory. It is therefore important that the team clearly states what the inventory
should reveal about the variety of farms, how soil fertility is managed on the farms, and
what factors (e.g. land, labour, cattle, transport) determine this variety.
We found that farmers started to lose concentration about two hours into an individual
discussion session, and would recommend that this time span not be exceeded. The
sessions were a useful way of focusing on the criteria for what constitutes good soil
fertility management and for helping farmers understand and interpret the resource flows
on their farm.
The resourcesflowswere quantified in the units normally used by farmers, although this
was sometimes complicated by local methods of harvesting and storing crops. For
example, in Kokey sorghum is stored on the stalk and threshed as required, and in both
Kokey and Ahohoué the early maize that gets farmers through until the main cereals are
harvested is progressively collected from the field and consumed.
As there are two distinct seasons in the north, each with its own calendar of activities, we
suggest that experiments there be planned twice a year. The experiments that will be
conducted during the rainy season should be planned with the farmers at the end of the
dry season. As the cropping plan often changes during the season because of unreliable
rainfall, the amount of available crop residues also changes, so a second planning session
is needed at the end of the cropping season to cover the experiments on recycling crop
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residues. The R-D team has also proposed that participative tools be used to plan
complementary activities relating to herd management.
We found that farmers' workshops were a useful way of getting groups of farmers together
for planning sessions. In this case the session focused on how to produce manure by
using litter from the kraal, a process that involves several operations and requires
organisation on the farm as well as access to transport.
The objective of monitoring experiments is to collect information on the use of inputs and
crop produce, and to establish a rapport between local and universal units of
measurement. We intend to investigate the nutrient balances of the farms participating in
the R-D programme, and to follow developments over the next two or three years.
28

Implications for R-D

The diagnostic work done with the farmers has given the R-D teams a better
understanding of the diversity of farmers' strategies and enabled them to refocus research
themes according to the farmers' interests. R-D can use the information collected during
the diagnostic phase to feed back into thematic research being done in the regional
agricultural research centres. The farmers' classification constitutes a typology that can
also help direct research and interventions, and although some scientists may have been
sceptical about it, analysis has proved that it is useful. It could be used as a starting point
for agricultural research in developing a farm typology for an agro-ecological zone for
which each of the R-D sites is supposed to be representative.
For some time now the experiments on R-D sites have been conducted on a voluntary
basis, and we are aware that this may create an 'elite' group of research farmers who do
not really represent the majority of farmers. The farmers' typology should make R-D aware
of other social categories, including the more marginal farms, and should facilitate the
implementation of activities appropriate to their concerns and conditions.
The planning approach used by researchers meant that they had to discuss the installation
of experiments with farmers and adapt the experimental layout to conditions on the farm,
so the experiments are in feet conducted under 'real-life' conditions. This approach has
been used for the same research themes in the three other R-D villages in the Province of
Borgou, and participatory classification by farmers is also planned there for the next dry
season.
Our experience has shown that the data collected from experiments will only be
worthwhile if farmers keep to the rules laid down for the experimental layouts,
treatments, etc. Researchers found the discussions with farmers very useful as they
provided many insights into how farmers manage their enterprises. Researchers used to
be primarily interested in how technologies performed in their own right, but the focus
has now shifted to how they perform in the context of the farm.
The concept and installation of experiments with manure production using litter from the
kraal were focused on making the resource flows around the farm more efficient and
allowed farmers to develop their own modes of manure production. The first results of
the experiments are interesting because they indicate that farmers are developing a variety
of ways to produce manure. This is evidence that innovation is a local process stimulated
by the interaction between farmers and agricultural scientists, and that it is not necessarily
something that comes from outside.
The participatory tools used for our work on integrated soil fertility management are
equally valuable for stimulating participatory development of agricultural technologies.
They reinforce an interdisciplinary and participatory approach to R-D that links research
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and development, helping R-D to focus on farmers' problems and to take account of their
actual circumstances and the existing diversity of their strategies. Giving farmers a larger
role in the process also strengthens the partnership between farmers, researchers and
extension agents.
It is essential to have reliable data in order to maintain the scientific integrity of the
conclusions drawn from our work. While particular innovations are often specific to the
circumstances in which they were developed, R-D should ensure that such innovations can
in principle be reproduced. R-D should also adapt the tools for participatory development
of agricultural technologies to the institutional and organisational context of Benin so that
they can be scaled up and reproduced across the country. This will also entail redefining
the role of agricultural scientists and farmers involved in the process of innovation, and
consolidating the exchange of information between farmers, agricultural scientists and
extension workers.
T h e implications for agricultural e x t e n s i o n

The 'Training and Visit' approach to agricultural extension is a one-way transfer of
technical knowledge from researchers/extension agents to the farmer. This approach takes
little account of the socio-economic conditions in which farmers make a living, despite the
fact that these conditions, access to resources and credit, and the price of products and
inputs are variables that affect all farmers' decisions, including whether or not they adopt
certain technologies. The village approach (APNV) is helpful for identifying broad areas for
extension work in each village, but is still far from specifically addressing the diversity of
farmers' situations. Extension agents need to learn about this diversity and to take on the
role of agricultural counsellors who help farmers choose technologies appropriate to their
specific socio-economic circumstances.
The R-D approach to soil fertility management uses tools that can help extension agents
grow into this role. The diagnosis made by the extension agents has certainly been
reinforced by the village participatory approach (APNV). However, it is still only a
diagnosis, and as long as the T&V mindset predominates intervention cannot be a joint
process that involves farmers as active participants. Extension methods will have to be
fundamentally changed before they can truly be called participatory.
In principle it should be possible to combine the R-D approach to soil fertility
management with other participatory tools and to establish an approach based on
participatory farm counselling. However, an integrated approach to soil fertility
management is considered too intensive as it requires considerable human and material
resources. The next task for R-D is to develop a less intensive methodology, and to
continue to develop the farmers' typology of village farms over a number of agroecological zones. Extension can then use these typologies as a tool to focus interventions
more effectively and as the basis for counselling farmers on appropriate choices of
technology.
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8. Cotton farming in southern Mali
Toon Defoer, SalifKanté, Jean-Luc Sanogo'

Introduction

It has been widely reported that soil fertility in southern Mali is at risk, and diagnostic
studies indicate that low productivity is threatening the sustainability of agricultural
development in the region. One of the major factors contributing to the decline in soil
fertility is the depletion of the soil's nutrient reserves, a process known as soil nutrient
mining. As a result of the depletion of the soil's reserves, the overall nutrient balances for
southern Mali are negative, especially for nitrogen and potassium.
Like their counterparts in many places in Sub-Saharan Africa, farmers in southern Mali are
bringing more and more land under cultivation. Over the last few decades this process has
been accelerated by a substantial increase in the population, the introduction of cotton as
a cash crop and the widespread use of animal traction. As a result, the traditional slash
and burn system has gradually been transformed into a system of almost permanent
cultivation. The traditional method of restoring soil fertility through long periods of fallow
is no longer possible. In the oldest cotton producing area most of the arable land is now
cultivated, and land pressure is forcing farmers to start cultivating the shallow, easily
eroded uplands.
Without denying the seriousness of soil mining in southern Mali, the story is more
complex than this would indicate. The farming systems and soil fertility management
practices in the area show a high degree of heterogeneity and complexity, and are
determined by a wide range of socio-economic conditions and differences in access to
resources. There is also considerable environmental variety in the region, as soils tend to
differ in quality from one place to another. Soil fertility management in such settings
involves multiple stocks, sources andflowsof fertility of different nature and origin. There
are often considerable spatial variations in soil fertility patterns, and soil nutrient balances
differ between farms and fields. In Sub-Saharan Africa it is not uncommon to find that the
nutrient balances offieldsclose to the homestead are quite different from those of more
distant fields. Similarly, the nutrient balances of a well-endowed farmer are likely to be
different from those of a poorly endowed colleague. Moreover, assessing fertility status
involves much more than simply calculating soil nutrient balances, as the land's
productivity depends on many other factors, such as the physical and biological
conditions of the soil which affect soil stability, moisture, aeration and many soil
processes.
Such variability and complexity has consequences for agricultural research and
development services. Farmers can no longer be seen as the end-users of new
technologies that are developed by researchers and promoted by extension workers. They
have an active role to play in the process offine-tuningand adapting practices and
methods to the specific conditions in which they have to produce. Moreover, as farmers
operate in such diverse situations they need a wide choice of alternative options.
Researchers and development workers should exchange information with them and act as
catalysts or facilitators in a process of farmer self-discovery and learning. Collaborative
learning and on-farm testing by the farmers themselves are essential elements in the
process of action-research.
2

5

4

CHAPTER

8

167

This is the background of the work being done by the farming systems research team
(ESPGRN: Equipe Systèmes de Production et Gestion de Ressources Naturelles) based in
southern Mali' to develop a process of participatory learning and action research. The
process was initiated in 1994 in one research village and then expanded in 1995 to a
second village in southern Mali. The approach and its tools have since evolved, and the
other case studies presented in this volume bear witness to the influence they have had on
other research and development teams. The process has been implemented in southern
Mali by a team composed of scientists from ESPGRN and development specialists from the
CMDT (Compagnie Malienne pour le Développement des Textiles), who are responsible
for agricultural extension activities in southern Mali, CMDT has started testing the
approach in one of their villages de diffusion and is now discussing the implementation
of a pilot project in southern Mali tofine-tunethe process. In the meantime the extension
service operating in central Mali has recentiy started a pilot programme to fine-tune the
approach.
This case study presents thefindingsof research carried out in the village of
Noyaradougou, where the process started. It begins with a short description of the major
characteristics of the cotton-based farming system in southern Mali, and then outlines the
main characteristics of the approach and its tools, and the framework for analysing
nutrient flows. The major outcomes of the initial diagnostic phase of the process are
presented next, followed by an overview of the activities and experiments planned and
implemented by farmers during subsequent years. Specific attention is given to the effect
the process had on the management of crop residues and the production and use of
organic fertiliser. The next section considers the evolution of nutrient flows and balances
as indicators of the impact of various activities, and the case study ends with the main
conclusions, and suggestions for continuing the PLAR process.
Major characteristics of the cotton farming system

Southern Mali has one rainy season that lasts from May to October, with annual rainfall
varying from 700 mm in the north to 1,100 mm in the south. The landscape is
characterised by multiple catenas whose length ranges from several hundred meters to
several kilometres. The soils on the higher parts of the catena are generally shallow and
contain a high percentage of gravel and stones (Leptosol; niang-tioôn). On the lower part
of the slopes with sandy to loam-sandy soils appear (Haplic Acrisol; guecbien). The clay
content of the soils increases towards the bottom of the catena (Gleyic Acrisol; tawogo),
and especially so in the soil layers below 20 cm. Table 1 presents the properties of the
major soils found in southern Mali.
Farmers have adapted their land use and management to the different soils along the
catena. They generally use the higher parts of the catena (niang-tioôn) as communal
pastures and woodlands, and grow crops on the sandy soils (guecbien) which are easy to
prepare, although they are easily exhausted if they are not regularly fertilised. The
widespread introduction of the ox-drawn plough has also made it possible to prepare the
heavier and more fertile tawogo soils, which are now increasingly cultivated.
6

The farming systems of southern Mali are traditionally based on cereal crops such as
sorghum, millet and maize, which are used as staple foods. Land used to be temporarily
allocated for cultivation by the lineage that first settled in the area, but it is now
increasingly permanendy cultivated. The main cash crop is cotton, which is grown in
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Table 1
Soil properties (0-20 cm layer) of the three major soil types
in southern Mali
Soil types (Minianka names)
Soil types (Scientific names)
Parameters
Organic C (g/kg)
N total (g/kg)
P total (mg/kg)
P-Bray (mg/kg)
Exch. K (cmol(+)/kg)
C E C (cmol(+)/kg)
pH (H OJ
Sand (%)
Silt (%)
Clay (%)
2

Tawogo
Gleyic Acrisols

Guechien
Haplic Acrisols

3.9
0.25
154
23
0.33
2.8
5.7
68
27
5

3.6
0.16
124
14
0.22
2.9
5.5
73
22
4

Niang-tiodn
Leptosols
6.7
0.40
136
26
0.40
4.8
6.1
63
30
7

Source: See endnote 6. NB, in tawogo soils the clay content increases sharply below 20 cm

rotation with cereals, and small areas are planted with cowpeas and groundnuts.
Mineral fertiliser application on cotton is widespread. This is made possible by the
guaranteed price for cotton, which generates cash income, as well as the fact that inputs
are supplied on credit by the CMDT. Fertiliser application is less common on cereals that
suffer from a poorly developed marketing system and relatively low returns. However,
during recent years farmers have started using more mineral fertilisers on maize, which is
increasingly being marketed. Organicfertiliseruse is generally restricted to cotton and is
applied in relatively small quantities. The income from cotton enables farmers to buy
agricultural equipment to increase the area under cultivation. Another part of the income
from cotton is generally invested in livestock. Combined with the decrease in grazing area
due to the expansion of cultivated land, this leads to high pressure on communal
pastures, especially at the end of the dry season. The carrying capacity with current
farming practices is largely exceeded and the productivity of grassland and livestock is
generally low.
Cattle form the core of the livestock system in southern Mali. Younger members of the
family take the herd out to graze during the day and return them to the kraal near the
homestead in the evening. The manure they produce there is increasingly being collected
and used as a source of organicfertiliser.During the cropping season the cattle mainly
graze on fallow land, moving on to the crop residues left in the field (which are available to
all animals) shortly after harvest, and then on to the common pastures in the dry season.
An average farm occupies 8-10 ha of land. Almost all the farmers in southern Mali grow
cotton, dedicating between 27 and 50% of their land to this crop. The average number of
cattle per farm is about ten, with two or more oxen that are used for preparing land,
sowing and weeding. Farming households in southern Mali tend to be relatively large,
with an average offiveor more members who actively participate in agricultural activities.
If farmers need extra hands for weeding and harvesting they can often get the help they
needfromvillage-based associations. Table 2 shows that households vary considerably in
their access to resources.
7
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Table 2
Characteristics of farming households in southern Mali
a n d in the research village Noyaradougou
8

Average for Average for Maximum in Minimum in
southern Mali the village'
Area cultivated (ha)
8.2
8.9
% of land under cotton
27
38
Number of large livestock
8.5
9.7
Number of oxen
2.6
3.7
Number of household members
11.8
10.7
Number of active household members "
5.4
6.5
1

a. The research village Noyaradougou
29 and the number of inhabitants
enterprise and is aged between

is supposedly

is 310.

b

representative

A household

the village
15
53
16
10
27
15

the village
3
14
0
0
3
3

of villages in southern Mali. The number of households is

member is called active when s/he contributes to the farming

16 and 65.

Methodology
The process approach

The FSR team in southern Mali worked in close collaboration with the CMDT. Their main
reason for selecting the village of Noyaradougou was because farmers there had expressed
their concern about declining soil fertility. Noyaradougou is also representative of the
prevailing farming systems of southern Mali, is easily accessible throughout the year, and
there are no major conflicts between villagers.
The approach consisted of an initial diagnostic phase conducted in 1994, followed by a
yearly cycle of planning, implementation and evaluation of improvements to the fármers
soil fertility strategies. The programme has now been under way forfiveyears.
,

Diagnostic phase

The multi-disdplinary team was made up of farming systems researchers, thematic
researchers and CMDT extension workers. The first step in the process was to hold
preparatory village meetings to introduce the farmers to the programme and to set the
agenda. The team then spent three days in the village doing diagnostic work. Several
village maps were made by both male and female groups of farmers who had been
selected by the villagers. Thereafter, three groups of farmers identified indicators of
declining soil fertility and listed the ways in which farmers cope with this problem. They
discussed the different ways that farmers manage soil fertility and the causes of this
diversity, and then listed their criteria for good soil fertility management and factors that
facilitate good management. These lists were subsequendy amalgamated and prioritised
by the groups. A different group of farmers selected by the villagers then categorised all
the farmers in the village into various classes, according to their overall level of soil fertility
management.
The team consulted with the farmers and selected two 'test' farmers from each farm class,
who were asked if they were willing to participate in farm-level analysis" and in a
subsequent programme of action and experimentation. The 'test'formersdrew resource
9

10
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flow maps (RFMs) to visualise and analyse their soil fertility management strategies, and
at the end of the mapping exercise team members suggested options for improving their
soil fertility management.
The diagnostic phase was concluded by a village meeting that summarised the findings
and set the agenda for the planning phase.
12

Planning phase

Soon after the diagnostic phase was over the first planning phase got under way with a
farmers' workshop to discuss the options for improved soil fertility management and to
help farmers decide which activities were appropriate for them. The options suggested
by the team were generally based on practices and technologies that have already been
tested on-farm in other research villages in southern Mali. Farmers could see the results of
these methods and talk to people who have used them by going on exchange visits to
villages where they have already been implemented. The 'test' farmers clarified their plans
for the next cropping season by drawing planning maps," and the planning phase closed
with a general village meeting to discuss the implications of implementing the new
practices.
The programme has now conducted five such planning phases, one for every year that it
has been running. The phases generally start before the end of the cropping season, as
they often involve looking at more efficient ways of using crop residues.
15

Implementation phase

Farmers and the team have designed experiments together overfivesubsequent years. For
each new technique, a demonstration has been organised for all interested farmers.
Thereafter farmers have implemented the new techniques on their own farms. They were
sometimes given inputs to implement new practices, but on the whole the PLAR teams
provided only limited external inputs, and only became involved in implementing new
techniques if farmers asked them to help.
Evaluation phase

The planned activities and experiments were evaluated before the end of the growing
season, which is shortly before the planning phase for the next year. After an introductory
village meeting the 'test' farmers drew on their planning map the activities that they
actually implemented, thereby changing their planning map into a map of implemented
activities. Farmers and team members reviewed the implemented activities in individual
evaluations, and then discussed thefindingsduring meetings for each farm class and for
all villagers.
During the participatory planning and evaluation phases the team used special cards to
discuss the results of the quantitative analysis with farmers. The farmers helped to design
these cards, which show images or icons of farm resources such as cattle and cultivated
land, and processes such as crop residues or organic fertiliser being transported by
donkey cart. The cards helped farmers to visualise and understand ratios and how to use
them, and enabled them to evaluate the quantities of resources moving around the farm.
They could evaluate their overall soil fertility management more effectively by looking at
the amount of resources used or produced per unit of land, labour or livestock.
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T h e nutrient flow a n a l y s i s

The information recorded on the farm maps (RFMs, plarining maps and maps of
implemented activides) was transferred onto recording forms and subsequendy entered
into computer databases. The data were recorded in different forms: 1) farm-level data; 2)
cropping field-level data; and 3) flows of resources leaving the fields: produce and crop
residues; 4) resources entering the fields (fertilisers); 5) resources leaving the household
and animal production system; 6) resources entering the household and animal
production system." The resource flow databases include variables such as the type of
flow, its origin and destination, and the amount involved each year. The quantities of
organic fertilisers and crop residues transported around the farm are expressed in local
units (as indicated on the farm maps) and subsequendy transformed into kg, using
conversion factors. Crop harvest index formulae and crop production data are used to
calculate the quantities of crop residues that have not been transported (such as those
that are burned or grazed), based on what percentage of the total crop residue is involved.
The information in the databases was used to analyse the diversity between and within the
farm classes identified during the diagnostic phase. As the information was collected over
several years of participatory action research we were also able to analyse the dynamics at
play in the different farm classes.
To facilitate this analysis, a picture was made of the system and the flows recorded in the
database. We used the farm system as the unit of analysis. This is part of the village land
use system, which consists not only of farms but also of communally used resources. We
distinguished three sub-systems within the farm system: the crop production system (cps),
the animal production system (ops) and the household system (bbs) (see Figure 1). For
each of the sub-systems the flows entering the farm from outside are presented as IN, and
flows leaving the farm are presented as OUT. Links between the sub-systems of the farm
are presented as INT ('internal').
16

The list below shows all the possible types of flows, indicating which system each type
belongs to (cps, aps or hhs). For the internal flows, the link between the two sub-systems
of the farm is indicated.
Flows entering the crop production system from outside the farm system
OUTFlows
leaving the crop production system and farm system
INops
Flows entering the animal production system from outside the farm system
OUTaps Flows leaving the animal production system and farm system
LNbbs
Flows entering the household systemfromoutside the farm system
OUTbtx Flows leaving the household system and farm system
INTcpwps Flowsfromthe crop production system to the animal production system
INTapxps Flowsfromthe animal production system to the crop production system
LNTcpsUs Flowsfromthe crop production system to the household system
INTbtBKps Flowsfromthe household system to the crop production system
INTaixJte Flowsfromthe animal production system to the household system
INTbbs-aps Flows from the household system to the animal production system
INcp,

Since the various flows are made up of different types of resources it is not possible to
calculate the balance of what comes in and goes out of a system. The only way that we can
do this is to transform the different types of resource data into nutrient data, using
nutrients as 'common currencies'. This enables us to calculate balances for the different
172
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Figure 1
Standard farm system a n d its sub-systems,
including all possible types of flows

systems so that we can assess their performance and evolution over time. However, this
does not mean that we intend to reduce soil fertility and its management to the
displacement of plant nutrients. The advantage of using plant nutrients as indicators of
soil fertility is that they are relatively easy to measure, and that it is relatively easy to gather
data on the nutrient content of plants and soils. Our analysis only considers nitrogen,
phosphorus and potassium, and the nutrient balances in this case study are partial
balances as nutrientflowssuch as leaching, volatilisation, denitriflcation, erosion and
sedimentation are not routinely taken into account.
17

A view on diversity
T h e village's n a t u r a l r e s o u r c e s

Mapping the village territory allowed the farmers and the team to analyse how different
territory units and soil types are used and managed. They identified the constraints and
possibilities for land use, as well as communal activities for improving the management of
natural resources. The three groups of farmers (younger men, older men and women)
that drew the maps all came up with similar findings.
Farmers distinguishedfiveterritory units andfiveindigenous soil types, which were
ranked according to the area they cover. The local soil classification is based on criteria
such as topography, stoniness, texture and colour, which farmers use to assess the
advantages and constraints of the soils (see Table 3).
Land use differs substantially between the territory units and soil types. In the past the
gravel soils were intensively exploited, but with declining rainfall and increasing
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Table 3
Soil types a n d major soil characteristics identified by
the farmers of Noyaradougou
Soif types
Prevalence"
(local names)
Moura
5

Fertility
score
4
6

Bele

4

3

Cencen ble

3

2

Fouga

2

1

Dugukolo fin

1

5

Major
characteristics
• Loamy soil
• Deep soil
• Found on lower
parts of the catena
• Gravel soil
• Shallow soil
• Found on higher
parts of the catena
• Sandy soil
• Red soils
• Gravel soil
• Black soil
• Shallow soil
• Top of the catena
(plateaux)
• Loam/clay soil
• Black soil

Advantages

Constraints

• Relatively fertile • Many weeds
• Loose, easy to
work
• Few weeds
• Good water
infiltration

• Low fertility
• Dries out
easily

• Easy to work

• Low fertility
• Water runoff
• Water logging

• Easy to work

• Dries easily

• Very fertile soil • Sticks to
implements

a. Score given by the farmers, 1 = smallest; 5 = highest, b. Score given by farmers, J = soil with lowest natural fertility;

5 = soil with highest natural fertility

mechanisation they are not easy to cultivate now, and they are no longer productive
because they have been overexploited. Farmers believe that they should not be used for
cropping any more, and prefer to cultivate the loamier soils.
Women have their ownfieldsclose to the village, which are almost all on shallow,
waterlogged soils where rice and the root crop Colocasia escalenta are grown. Apart from
the land used for crop cultivation, large areas of the village territory are left as communal
pastures and woodland.
The land is particularly badly degraded in the more undulating parts of the village
territory, and villagers are aware that they need erosion control to effectively protect these
zones. The various territory units are grazed with varying degrees of intensity. Units with
an abundance of fallow and communal pastures are intensively grazed, and units with
creeks are important for livestock during the dry season.
Diversity of soil fertility m a n a g e m e n t

Farmers' criteria for good soil fertility management are mainly related to recycling crop
residues and integrating crop and livestock management. They tend to base their
judgement of whether someone is a good or poor manager on the type and amount of
organic fertiliser they produce, the amount of crop residues they use as bedding in cattle
pens, whether they take measures to prevent erosion, and whether they use the
174
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Table 4
Farmers' criteria for good soil fertility management
(according to different gender groups)
18

Criteria
Management practices
Production of organic fertiliser
Use of litter in kraal
Anti-erosion measures
Using recommended dose of fertiliser
Underlying factors
Number of carts
Number of active household members
Number of cattle
Amount of land available to fallow
Knowledge
Courage
Household organisation

Younger men

Older men

Women

•
•

•
•

•
•

•
•

•
•

•

•

•
•

•

•
•
•
•
•

•

•
•

•

•

recommended doses of mineral fertiliser. Table 4 shows that the three gender groups
(older men, women, younger men) differ slighdy in the way they list the criteria for good
soil fertility management.
The groups indicated several underlying factors that affect and play a major role in soil
fertility management. These included access to productive resources (active household
members, cattle and carts) and land, as farmers are likely to put more emphasis on
manure production if they cannot fallow their land. Knowledge, courage and the way the
household and decision making structures are organised also affect the way farmers
manage soil fertility. The head of a successful farm needs to manage the active members of
the household, not only allocating their workload and remunerating them all correctiy
and fairly, but also motivating them by example and instilling some kind of courage or
'drive' in them. It seems that household members communicate better when the
household is efficiendy organised, and that large extended families have more problems
mamtaining good communication and avoiding friction between members.
Farmers said that they increased their knowledge through training courses organised by
the extension service (CMDT), their own experiments with 'new' techniques, and
exchanges with other farmers. Opinions seemed to differ slighdy between the groups
identifying these criteria (see Table 4).
Classifying f a r m s

Farmers classified the village farms into three classes: those in Class 1 are considered to be
good soil fertility managers, those in Class 2 are seen as average soil fertility managers,
and those in Class 3 are thought to be poor soil fertility managers. Each farm was given a
score according to how many of the main criteria for good soil fertility management it
followed. Farmers often used a scale of 1 (lowest) to 3 (highest), except for discrete
numbers such as carts, heads of cattle and active household members. Table 5 presents
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the averages of the values attributed to farms of each class.
The quantitative analysis supports the division of management practices into the three
classes as they are perceived by the farmers. Class 1 farmers produced substantially more
organic fertiliser, used more litter, and put in more measures to control erosion than their
counterparts in Classes 2 and 3. However, the use of the recommended dose of mineral
fertiliser on cotton did not seem to differ substantially between the three classes, although
this was one of the key criteria mentioned by farmers. Farmers are obviously aware of their
colleagues' management strategies and are able to point out major differences between
them, probably because all the practices identified are visible, as the cattle pens, compost
heaps, etc., are situated near the village. Any work done by households to produce and
transport organic matter will therefore be noticed.
The underlying causes identified are also common knowledge. As Table 5 shows, access to
resources differs between the farm classes. Class 1 farmers have the most cattle, acreage
and working family members, while some Class 3 farmers have no carts and so have very
few opportunities to transport and recycle crop residues or to return organic matter to
their fields. The amount of land under fallow does not differ substantially between the
farm classes, although there are variations in factors such as knowledge, motivation and
courage, and all the farmers in Class 1 were given high scores for courage and knowledge.
We used the data from the RFMs to analyse the farm classes identified by farmers. We were
able to determine how much litter each 'test' farmer used in the kraal (flows: JNT^m and
£V7W»), how much 'cotton fertiliser' (a compound fertiliser commonly used on cotton)
they bought (flow: IN&s), how much organic fertiliser they applied to theirfields(flow:
Table 5
Average scores given by farmers of Noyaradougou
to each farm class for 'good' soil fertility management'
Form class

Class 7
'Good'

Management practices
Production of organic matter"
Use of litter in kraal
Anti-erosion measures"
Amount of mineral fertiliser applied
Underlying factors
Carts (no.)
Active household members (no.)
Head of cattle (no.)
Amount of land available to fallow (%)
Knowledge"
Courage*
Number of farms
0

b

c

5

Class 2
'Average'

9

Class 3
'Poor'

3
3
3
1

0.7
0.8
2
1

0.3
0.4
1.3
0.8

1.2
9.3
14.6
57
1
1
8

1
6.8
11.6
69
0.8
0.8
6

0.8
4.2
3.4
69
0.8
0.7
10

figures are averages of fhe values attributed to farms of each class: a. Scale from 0 (lowest) to 3 (highest); b. 1 = dose

applied and 0 = dose not applied; c. including oxen; d. ? = farmer judged as having a lot of courage to invest in soil fertility
management; e. I = farmer who has received functional education or a training course on agricultural practices or who has
used 'improved' practices for many years; 0 = no courage and no knowledge.
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Class 3 farms typically consist of small households of between two and five active
members. They cultivate between three and nine hectares, growing cereals on more than
50% of the cultivated area. Several Class 3 farmers do not have a cart, which limits their
ability to transport crop produce, residues and organic fertilisers to and from the fields.
While some Class 3 farmers do not possess any large livestock, the average number for
each farm in this class is three. An estimated 20% to 30% of all the cereal stalks and about
15% of the cotton residues are removed by grazing. The rest of the residues are not used,
and up to 75% of what remains is burned before the land is prepared for the next season's
crop. Farmers mainly use organic fertiliser made from household waste and animal
manure on the cotton fields, often concentrating their application on the poorer and
more degraded parts of the land. Mineral fertiliser is a major source of nutrients entering
the farm, and is mainly applied to cotton, although some is used on cereals. Other
external resources entering the farm include the cattle feed used at the end of the dry
season, grazing on common pastures and cut grasses that are used as litter in the kraal.
Cotton fibre is the main product to leave the farm.
Class 1 farm households typically consist of six to thirteen active members who cultivate
between eight and fifteen hectares of land. About 50% of the cultivated area is given over
to cotton. The Class 1 farmers in our study have at least one cart and several donkeys for
transport, and between nine and sixteen head of cattle. They use a substantial amount of
cotton residue as bedding in the kraal, but only recycle a small amount of cereal residues.
About 20% is grazed on the field and the rest is burned before the land is prepared for the
next season's crop, which constitutes a significant loss of nutrients and organic matter.
Farmers make organic fertiliser from household waste, compost, small ruminants' manure
and cattle manure. Resources enter the farm via mineral fertilisers and also through cattle
grazing on common pastures and spending the night in pens on the farm. Other resources
transferred from the village are cuttings from common grassland that are put on the
compost pit or used as litter in the kraal. Cotton is the principal product to leave the farm,
and valuable dung and urine are also lost when the animals graze outside the farm
boundaries.
Planning a n d implementing changes in soil fertility management
P l a n n e d activities a n d e x p e r i m e n t s

Over thefiveyears that the programme has been running farmers have been encouraged
to try out new options by drawing planning maps and maps of implemented activities
and by participating in farmers' workshops, exchange visits and demonstrations. Table 7
gives an overview of the types of activities that have been planned over the years and the
way in which these vary between farm classes, reflecting the various constraints and
differences in resource endowment particular to each class.
All the farmers worked on recycling more crop residues and increasing their production of
organic fertiliser. Initially it was the Class 2 and 3 farmers with small herds and limited
potential for manure production who were most focused on composting crop residues
and using more litter in the kraal. However, the Class 1 farmers also started planning to
use more litter and to compost crop residues. In the early stages of the programme the
Class 1 and Class 2 farmers focused on improving the quality of their organic fertiliser by
storing manure in a pit so that it would decompose better, and by adding rock phosphate.
When the Class 3 farmers started producing more organic fertiliser a couple of years later,
20

178

PART 2 CASE STUDIES

they started using techniques to improve the quality of organic fertilisers, too.
Several Class 3 farmers did not own a cart when the process was introduced. They were
helped to obtain a cart, and nearly all the farmers in the village have one now. One of the
suggested techniques for improving soil fertility was composting crop residues near the
field, as farmers reported that they spent a lot of time transporting residues and manure
between their fields and the kraal (near the homestead). This was another activity that was
initially planned for Class 2 and 3 farmers, and was subsequendy taken up by Class 1
farmers. However, proposals to relocate the kraals nearer the fields were dropped, as
farmers were concerned about catde being stolen.
As Class 1 and 2 farmers recycle a fair amount of their crop residues for litter they have
mainlyfocusedon increasing the amount of cereal stalks that are used forfodder.They do
this by removing the stalks from the field before free grazing starts, storing them and
feeding them to livestock when fodder is short at the end of the dry season. New storage
facilities have been developed to improve the quality of the fodder, and chaff-cutters have
been introduced to chop the stalks, reducing the need for storage space and making them
more digestible. Farmers also started making salt blocks to supplement the animals' diet
with minerals. However, these activities were only planned and implemented for two
years, as farmers lost interest after many animals in the village died. Some of the Class 1
and 2 farmers started growing fodder (Dolicbos sp.) in association with maize, and there
Table 7
Overview of the types of activities planned by each class of farm,
1995-99
Activity/experiment
Increase production of organic fertiliser
Use litter in kraal
Compost crop residues
Improve quality of organic fertiliser
Apply rock phosphate
Store in pit
Limited transportation
Purchase cart
Compost near field
Build cattle pen near fields
Improve cattle feeding in kraal
Store more residues before grazing
Improve fodder storage
Use chaff cutter and salt block
Grow fodder crop: maize/dolichos
Improve erosion control
Cultivate along contour lines
Use fertiliser more efficiently on cotton
Test different doses of fertiliser
Increase biological nitrogen fixation
Plant Acacia on bunds of contour lines
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Year of planning

Farm class
Class 1 Class 2 Class 3

1995; 1996; 1997; 1998; 1999
1995; 1996; 1997; 1998; 1999
1995; 1996; 1997; 1998; 1999
1995; 1 9 9 6 ; 1 9 9 7 ; 1 9 9 8 ; 1 9 9 9

•
•

1995; 1996
1995; 1996; 1 9 9 7 ; 1 9 9 8 ; 1999
1995
1995; 1996; 1997; 1998; 1999
1995; 1996
1995; 1996
1995;
1996; 1997; 1998
1996;
1997;
1998;

1997; 1998; 1999
1998; 1999
1999
179

atfsD seems to be a feeling that as the rains now start quite early farmers no longer run so
jsnort offodderat the end of the dry season. Whatever the reason, for the time being
[farmers seem to have lost interest in giving their cattle supplementary feed.
SHrdblems with erosion are more specific tofieldsthan to farms or farm classes. Farmers
i indicated erosion spots on their RFMs and have planned to practise contour farming and
iinstall contour bunds every year, starling uphill from theirfield.The idea is that in any field
^susceptible to erosion, contour bunds will be progressively installed over the whole field.
ISorimany years farmers in the village have been trying out different doses of urea in
(combination with cotton fertiliser, and in 1997 a group of scientists from the cotton
iresearch programme started working with farmers on improving fertiliser doses and
combinations for the major types of soil. In 1998 farmers also started planting Acacia spp.
on the bunds infieldswhere contour farming is practised to increase biological nitrogen
fixation.
I m p l e m e n t i n g e x p e r i m e n t s a n d activities

In this section we compare the 'best' and the 'least' able classes, 1 and 3. Table 8 shows
that on average Class 1 farmers implemented more than twice as many different types of
new activities as their colleagues in Class 3. Most of the improvements that were initially
designed for Class 3 farmers have actually also been planned and implemented by Class 1
farmers, but the Class 3 farmers were not in a position to systematically try out
improvements designed for their counterparts in Class 1. For example, as many Class 3
farmers only own a few head of cattle they did not implement activities related to
improved cattle feeding in the kraal. It seems that the Class 1 farmers can invest more in
trying out new practices as they are better endowed in terms of farm resources.
[Both classes implemented more new practices in the second year of the programme
($1996). This is probably because some farmers preferred to wait and see whether the new
(practices tried out by their colleagues were effective or not. In the third year (1997) the
Ckss 3 farmers implemented far fewer changes, but this was the year that many animals
edited, and Class 3 farmers had lost most of their cattle. Animal mortality did not seem to
lhave a major effect on the number of improvements implemented by the Class 1 farmers.
Otiis-not only the number of activities implemented that changes over time (see Table 8),
Ibut^lso the way in which they are implemented. A case in point is the use of rock
phosphate. In the past the extension service had promoted rock phosphate by forcing
farmers to buy a certain amount on credit in addition to the usual dose of mineral
fertiliser used for cotton. Rock phosphate was available for commercial use in its natural
powder form, making application a serious constraint. It turned out that rock phosphate
lorilyimade producing cotton more expensive and did not increase its yield, so farmers felt
vveryi negative about it. They did not even consider it a fertiliser but saw it as a rather
(expensive 'dust'. Therefore, the idea launched by the team of using rock phosphate as an
additive to improve the quality of organic fertiliser was received with little enthusiasm.
iHowever, some farmers decided to try it out, given that at least it was no longer
i inconvenient to apply it. The organic fertiliser treated with rock phosphate proved to be a
iieaMssuecess, as farmers who used it estimated that their cotton yield had increased by
jabaut SO% over their application of conventional organicfertiliser.Once they were
aranvineed of its benefits, farmers started trying out new ways of using it, such as leaving it
fftrr;a\yjear in its bag under a tree and applying it the next year. By then it would no longer
ihetpowdery and would be easy to apply, and the soluble phosphorus would probably be
c
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Table 8
Number of experiments/activities implemented by
Classes 1 a n d 3, 1995-99
Year

1995
1996
1997
1998
1999
Average
No. of farms"

Class 7
4.4
5.8
5.0
4.6
4.4
4.8
5

Class 3
2.4
2.8
1.4
2.2
2.6
2.3
5

a. The sample includes all fe si farmers who drew RFMs

more readily available for uptake by plants. Farmers are now convinced that rock
phosphate is effective, and demand for it has increased substantially.
M a n a g e m e n t of crop residues

Farmers identified recycling crop residues as a key criterion for good soil fertility
management, and specifically mentioned the use of crop residues as bedding in the kraal.
Table 9 shows how Class 1 and Class 3 farmers changed the way they recycled crop
residues over the years. In 1993, before the activities started, less than 10% of all crop
residues were recycled. Class 3 farmers recycled less than 1% of their crop residues, or the
equivalent of only 2 kg/ha of cropped land, and as an average of 20 to 30% of crop
residues are grazed on the field, farmers were burning over 50% of their residues. After
the process was implemented farmers started recycling far more crop residues, and now
burn less than 15%. The increase in recycling is particularly spectacular for the Class 3
farmers, who now recycle about 35 times the amount of residues that they used to. In
absolute terms Class 1 farmers recyclefiveto ten times more crop residues than their
colleagues in Class 3, although the picture changes slightly on a per hectare basis as Class
3 farmers recycle about 20% to 30% of the amount recycled by Class 1 farmers. In 1997
farmers recycled fewer crop residues because they lost so many livestock.
It is not only the amount of recycling that has changed, but also the ways in which the
residues are used. Table 10 shows that before the farmers did not use crop residues to
make compost. Since the programme started they have begun to use a large proportion of
their crop residues to make compost. Fodder accounts for the smallest proportion used
for recycling.
Production a n d u s e o f o r g a n i c fertiliser

Another key criterion for good soilfertilitymanagement identified by farmers is the
production and use of organic fertilisers. Table 11 shows how the amount of organic
fertiliser produced and used by Class 1 a n d Class 3 farmers has changed since the
activities started in Noyaradougou. One of the outcomes of the process is that farmers
have doubled their production of organicfertiliser.On average, Class 3 farmers produce
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Table 9
Amount of crop residues recycled by Class 1 a n d Class 3 farmers,
1993-97
Year

1993
1994
1995
1996
1997
No of farms

Quantify
recycled (kg)
1,990
8,800
10,323
11,812
6,980

Class 7
%offofaJ
produce
8
35
38
36
26
5

Kg/ha
166
797
881
1,036
614

Quantity
recycled (kg)
40
1,080
900
2,411
1,060

Class 3
%offotaf
produce
0.5
6
6
15
9
5

Kg/ha
2

154
142
328
121

Table 10
Use of crop residues between 1993-97
Year
1993
1994
1995
1996
1997

% used for
compost making
0
48
50
49
40

% used for fodder
28
11
9
9
13

% used as litter
in kraal
72
41
41
42
47

Table 11
Amount of organic fertiliser produced a n d used by
Class 1 a n d 3 farmers, 1994-98
Year

1994
1995
1996
1997
1998
No of farms

182

Class 7
Quantity
Quantity
produced (kg)
applied (kg/ha)
6,250
520
9,440
860
9,490
730
11,600
970
11,230
800
5

Class 3
Quantity
Quantity
produced (kg)
applied (kg/ha)
2,400
510
7,680
1,390
4,450
640
7,740
962
5,250
760
5
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Table 12
Use of organic fertilisers between 1994-98
Year

Compost as % of
organic manure
Class 7
Class 3

1994
1995
1996
1997
1998

0
21
25
42
22

0
16
59
55
32

Household waste as % of
organic manure
Class 1
Class 3

28
33
34
12
19

79
49
22
15
7

Animal manure as % of
organic manure
Class 7
Class 3

62
45
41
46
59

21
35
25
30
61

about half the amount produced by their counterparts in Class 1, but they actually apply
more or less the same amount per hectare (see Table 11).
Farmers have not only produced more organic fertilisers since the process began, but they
also use it in different ways and apply a wider variety of organic inputs to their soils. Table
12 shows that farmers did not use compost in 1994, before the activities started. Class 3
farmers mainly relied on household waste and Class 1 farmers mosdy used animal
manure. Household waste is now proportionally less important as a source of organic .
fertiliser, and farmers are now more reliant on animal manure and compost.
Using q u a n t i t a t i v e analysis t o e n d o r s e f a r m e r s ' p l a n s a n d activities

The amounts of crop residues and organic fertilisers applied per hectare were used as
quantitative indicators for management performance during planning and evaluation
sessions with farmers. As these indicators are based on farmers' own criteria for good soil
fertility management they are easily understood and help farmers to analyse the intensity
of resource recycling. Instead of thinking in total quantities per farm, we used the per
hectarefiguresas indicators of farm performance, which enabled us to compare the farm
classes and assess their progress over time more accurately. We have already seen from
Table 11 that the quantities of organic fertiliser used by Class 3 farmers is similar to
quantities used by their colleagues in Class 1. Such comparisons generated interesting
discussions with farmers about the optimal production and use of organic fertiliser, taking
account of the farm's socio-economic status and available labour, cattle and total area of
cultivated land.
In our experience farmers are generally very positive about discussing quantitative data
related to their farming performance. Using cards with pictures to visualise ratio values
(see 'Methodology') helped farmers to plan and evaluate farming activities. The data
allowed farmers to plan staged improvements and to quantify the next season's targets in
terms of the number of cartloads of crop residues they wanted to transport for litter in the
kraal, given the size of their herd and their available labour. At the end of the season the
farmers were better equipped to compare their own targets and results, to compare their
performance with that of their neighbours, and to see to what extent the
recommendations made by research and extension had been followed.
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Revising the form dosstficcrtion
The previous sections showed that farmers have changed their soil fertility umanztgemfimlt
practices in thefiveyears since the activities began. Some fanners have obviously btxai
more successful than others, but the average figures presented in Tables 8 , % 11 and! 12
do not allow us to gauge the rate of success or failure. This can be done quickly and eas%
by reclassifying the farms, which allows us to investigate whether farmers improved) their
practices and moved to a 'higher* class or whether they lapsed and moved to a 'lower*
class, lb take account of gender differences in perception the farmers were split into
groups of older men, younger men aind women, and ais&edtoctassifyalltihel&iaMiri
Moyaradougou according to their overall level of soil fertiBlf management im 1999Table 13 shows that 77% of the Class 3 farmers, who were initia%dassiiied as poor soil
fertility managers, improved their performance during the process. These farmers
improved their soil fertility management strategies and became so-called average oargpodl
soil fertility managers. Seventy-five percent of the Class 1 farmers remained in the sane
class, while 25% of them were less successful and were reclassified as Class 2 (average) or
3 (poor) managers. Farmers said that one of the main reasons for this drop in standards
was that it was difficult to maintain cohesion and efficient communication within these
households, and they predicted that most of them would split up as a result of interna
conflicts.

Table 13
P e r c e n t a g e of f a r m e r s b e i n g reclassified b e t w e e n 1 9 9 4 a n d 1 9 9 9

Initial farm doss (1994)
Movement of doss
(1999 vs 1994)
% of the -farmers/farm class
C a s s 7.- good soil

managers;

ferfi'%

Class 3

Class 1
No

lb doss

changes
75%
OtJSS 3: poor so9 terÊSly

2 or 3

No
changes

Tfodtoss
1 or2

25%

23%

77%

mtmagets

Nutrient flows a n d b a l a n c e s

The information from the maps drawn by the 'test' farmers was noted on recording forms
and used in conjunction with the ResourceKfT software to calculate nutrientflowsand
balances based on the framework for analysis presented above in the 'Methodology'
section. The annual nutrient flows and balances for typical Class 1 and 3 farms are
presented below. They cover a period of four years and show the potassium balances.
Although the trends are similar for nitrogen and phosphorus, we opted for potasstoira fa
order to accentuate the effect of changes in livestock management and the use of crop
residues.
21

22

Example of a Class 1 farmer
Table 14 presents the potassium balances for a typical Class 1 farm. This farmer grows
cotton (the major cash crop) on about half of the total cultivated area, which increased
from thirteen to seventeen hectares over the four-year period. He generally grows maize in
rotation with cotton, and cultivates sorghum, groundnut and sweet potatoes on smaller
184
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patches of land. He sells all his cotton and about 20% of the cereals, groundnuts and
sweet potatoes. In the first two years of the process there were fifteen head of cattle on
dee farm, bat seven of them were lost in the wave of deaths that ran through the village in
1996 and 1997. The cattle spend about three months feeding on crop residues left in the
fields (which are open to all village cattle), ingesting only 7% of the crop residues, as
residue grazing is open to all village cattle; fifteen of the cattle are his and 210 are village
eafflte (belonging to other farmers, also called non-farm cattle). The farmer's cattle graze
em crop residues left onfieldsthat do not belong to him, and spend nine months of the
jear grazing on common pastures and fallow land. While they graze the cattle excrete,
depositing nutrients on thefieldsand pastures. Assuming that they digest about 50% and
graze for twelve hours a day, about 25% of the ingested feed is left in thefieldsand
pastures as dung and urine.
The potassiumflowsshown in Table 14 indicate that cattle grazing on communal pastures
(Map,) represent the largest input of potassium into the farm system. However,from1995
onwards this source of potassium decreases significandy, from 387 to 255 kg K. To
compensate for this the farmer recycled crop residues as feed for cattle, equivalent to 200
hg K (INTc^eps), leaving fewer crop residues for non-farm cattle to graze (the equivalent of a
decrease from 148 to 59 kg K [OWV ]). Because there were fewer cattle in 1996 and
1997, less potassium was imported through grazing on communal pastures, and the K
imported by cattle grazing on crop residues from non-farm fields also dropped. Less K was
recycled in crop residues usedforfeed(INT^ps), and more K was exported in crop
residues grazed by non-farm cattle (OUTqx). Despite the high animal mortality, the amount
of K recycled by using crop residuesforbedding in kraals (INTcp^) increased considerably,
and more K was recycled in the crop residues usedforcomposting (INT<PMS) .
Mineral fertilisers are another important source of K coming (INct*) into the farm system.
Although the cultivated area has increased from 13 ha to 17 ha, there has only been a
slight increase in the amount of potassium applied in mineralfertilisers.However, organic
fertilisers are an increasingly important source of Kforthe crop production system,
through manurefromthe animal production system (INTap^), and household waste and
compostfromthe household system (TNTw***).
'lable 14 shows that the partial potassium balances at farm level are positive. This means
that the potassium input from mineralfertilisers(JN^) and cattle grazing on commons
and other (non-farm) fields (IN^) compensates for the output of K, which is mainly
accountedforby the cotton sold and crop residues grazed by non-farm cattle (OUT<&).
While the participatory action research has been in progress the partial potassium balance
at farm level has tended towards equilibrium. The K input from cattle grazing on
commons has decreased from about 400 kg to less than 150 kg, which largely explains the
change in the overall farm level balance between 1994 and 1997.
The partial potassium balances for the crop production system are negative, which means
that the potassium imported (mainly through mineral fertilisers [INq*] and organic
fertilisers [INT^a,
INTuxxpsf) does not compensateforthe potassium extracted (mainly
through cotton sold [OUT*,], crop residues recycled [OUTq*, JNT^ps, INTO^M*] and produce
stored //JV7W««/). However, after four years of intervention the partial potassium balance
of the crop production system is eight times less negative than it was at the start of the
process, and the partial potassium balance per hectare was almost zero in 1997. This
positive trend is largely due to the decrease in crop residues grazed by non-farm cattle
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Table 14
Nutrient flows a n d partial balances for a typical Class 1 farm
(good soil fertility manager)
Level

Type
of flow
/Ng»

Type of resource

Purchased mineral fertilisers
Dung/urine from non-farm
grazing cattle
OUT^
Cotton sold
Other produce sold
Crop residues burned
Crop residues grazed by
non-farm cattle
Purchased feed for cattle
Animal production (Naps
Grazing on commons
system (APS)
Grazing crop residues on other
fields
Dung/urine left by grazing on
OUT**
commons
Dung/urine left by grazing on
other fields
Grass from commons used for
Household system
JNw*
compost
(HHS)
OU7W
Produce sold
Crop residues grazed by farmer's
CPS-APS
/NTW
own cattle
Crop residues for bedding in kraal
Crop residues for feed
INTaps-cps Dung/urine from farmer's own
grazing cattle
Manure applied to fields
CPS-HHS
INTcpsMs
Crop residues for compost/ash
Stored produce
/NTWcps
Household waste applied to fields
Compost applied to fields
Partial farm balances:
JNcps + /Naps + /Nw» - OUTq* - DUTap, - OUTw»
Partial CPS balances:
/Neps + /NTops-cps + /NTWcps - OUTcps - INTcp^pt - /NTcps-W»
Partial CPS balances per hectare
Area cultivated (hectare)
Number of heads of cattle
Crop production
system (CPS)

Potassium flows (kg/year)
1994 7995 7996 7997
194
166
144
170
17
9
10
12
138
3
3
148

134
4
0
59

171
2
0
74

198
0
0
98

28
387
122

29
255
122

16
136
85

6
136
56

57

38

20

20

18

18

13

8

4

8

46

26

9
13

12
5

16
6

18
7

56
0
2

53
200
1

47
107
1

90
39
1

41
228
45
17
0

69
300
34
51
29

57
129
65
50
0

143
114
33
69
130

326

328

191

60

-413

-460

-289

-58

-32

-33

-18

-3

14
15

16
10

17
7

13
15

Note: there are no internal flows (INT) between APS and HHS

186

PART 2 CASE STUDIES

(OUTcps) and a better management of organic fertiliser, resulting in an increase in the use
of animal manure (DWT^cps) and household waste (LNTbb^ps).
Example of a Class 3 f a r m e r

Table 15 presents the same type of information as Table 14 for a typical Class 3 farmer,
who cultivates slighdy more than half the area cultivated by the Class 1 farmer. This farmer
also increased the cultivated area over the four-year period, and uses a cropping pattern
and rotations similar to those used by the Class 1 farmer. However, this farmer sells hardly
any crop produce apart from cotton. At the start of the process he owned five head of
cattle, but only had two left by 1996. However, Table 15 shows that a year later the herd
was almost back to full strength again as the farmer then had four cattle. The livestock
management on this farm is similar to that on the Class 1 farm: the cattle spend nine
months grazing on common pastures and fallow land, and about three months grazing
crop residues left in his own and other farmers'fields.As the fields are open to all
animals, the farmer's cattle theoretically only consume about 2% of the crop residues left
on his fields (five head of the farmer's own cattle/210 village cattle).
As with the Class 1 farmer, the cattle grazing on communal pastures and crop residues are
a major source of K (JNaps), and mineral fertiliser is another important flow of K into the
farm system (INcp). Most of the K leaving the farm system is exported through the sale of
cotton produce and crop residues grazed by non-farm cattle (OUTcps). This farmer does not
benefit much from the open grazing system. Since he has a relatively small herd, crop
residue grazing on otherfields(TNaps) brings in only about 50% of the amount of K lost by
village cattle grazing his crop residues (OUTcps). To reduce such losses, he recycled a large
amount of crop residues for bedding in the kraal (TNTcp^), although he did not recycle
crop residues for litter in 1996, when he lost many of his animals. Table 15 shows that he
compensated for this by recycling more crop residues into compost (INT<j&bb). As with the
Class 1 farm, the K input from animal manure (LNT^cps) and compost (TNTu^s) into the
crop production system has increased substantially in four years.
The partial potassium balances at farm level are also positive for all the years shown in
Table 15. However, in 1994 the Class 3 farm balance was about four times lower than the
Class 1 farm balance, and the values of the Class 3 farm balances did not change
dramatically over time apart from a sharp drop in 1996 due to fewer cattle grazing on the
commons. In 1997, the partial potassium balances at farm level were almost the same for
both farmers.
The potassium balance for the crop production system is negative, although as on the
Class 1 farm there is a clear movement towards equilibrium. This positive trend is
principally caused by a substantial increase in the use of manure and compost. Another
similarity between the two farms is that on a per hectare basis the partial potassium
balance was almost zero in 1997.
This analysis of potassium flows shows that considering the farm as a whole, the Class 1
farmer performed better than the Class 3 farmer at the start of the activities. The main
reason that the Class 1 farmer had a substantially better farm balance was that he had
more animals that harvested potassium when they grazed on the commons. The
distinction between Class 1 (the 'good' soil fertility manager) and Class 3 ('poor' soil
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Table 15
Nutrient flows a n d partial balances for a typical Class 3 farm
(poor soil fertility manager)
Level
Crop production
system (CPS)

Type
of flow
/N^
OUT**

/Nap*

Animal production

system (APS)
OUT<*»

Household system
(HHS)

/Nw»
OUT**
JNTWops

CPS-APS

/NTaps-cps

CPS-HHS

INTa*M*
INThhxps

Type of resource

Potassium flows (kg/year)
7995 7996 7997

7994

Purchased mineral fertilisers
42
Dung/urine from non-farm grazing cattle 1 0
44
Cotton sold
0
Other produce sold
Crop residues burned
6
Crop residues grazed by non-farm
79
cattle
Purchased feed for cattle
6
128
Grazing on commons
Grazing crop residues on other fields 4 4
Dung/urine left by grazing on
19
commons
Dung/urine left by grazing on other
7
fields
Grass from commons used for compost 3
1
Produce sold
Crop residues grazed by farmer's own 2
cattle
Crop residues for bedding in kraal
37
16
Crop residues for feed
Dung/urine from farmer's own
0
grazing cattle"
Manure applied to fields
8
Crop residues for compost/ash
17
24
Produce stored
Household waste applied to fields
40
Compost applied to fields
0

69

46

10

7

58
11

56

65

62
0

2

1

4

0

9

79

47

78

8

3

2

128

55

112

44

17

34

19

8

16

7

3

5

0

17

14

0

2

3

2

1

2

38

0

28

0

0

0

0

0

0

10

65

65

14

124

46

19

12

21

40

22

33

0

11

63

77

93

19

59

-125

-84

-99

-16

-17

-11

-12

-2

Partial farm balances:
/Ncps + INap, + JNM» - OUTcp, - OUT*** - OUTte

Partial CPS balances:
INcps + INTaps-cp* + JN7Wq» - OUTcps - INTcpvaps - INTcptUu

Partial CPS balances per hectare
Area cultivated (hectare)
Number of heads of cattle

7.5
5

* 8
5

8.5

9

2

4

Note: there are no internal flows (INT) between APS and HSS

a. Values are
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fertility manager') no longer seems validfouryears later, when livestock have become a
less important component of the partial nutrient balance of the farm.
A look at the partial balances for the crop production system reveals that the clear
distinction between Class 1 and Class 3 also blurred over the course of intervention. In
1994 neither farm seemed sustainable, particularly the Class 1 farm, but the situation had
clearly improved after four years of activities. In 1994 the large potassium input into the
animal production system (IN*/*, + INTcp^) resulted in small returns from the manure
applied to fields (JNT^cps). Four years later the ratio between K in manure applied (INT^
cps) and the K input into the animal production system (Maps + INTcp^p,) had increased from
3% to 37% for the Class 3 farmer, and from 7% to 43% for the Class 1 farmer. Four years of
activities had helped farmers from both classes to substantially improve their production
and management of organicfertilisersand to redress the negative potassium balance. The
partial potassium balances suggest that the distinction between Class 1 and Class 3 no
longer holds true, and this was confirmed by the farmers' second classification, which
moved the Class 3 farmer used in this example up to Class 1 (see Table 13).
As with the quantitative information related to the use of crop residues and management
of organic fertiliser (see Table 12), the outcomes of nutrient flow analysis were discussed
with fanners during planning and evaluation sessions. This not only helped farmers
consider their own cases, but also led to discussions about wider issues. For example, the
high values of external inputs and outputs compared with the relatively low values of the
internal nutrientflowsstimulated a discussion on the role of cotton, fertiliser prices, and
livestock and open grazing. In subsequent years the effect of using more crop residues for
litter and composting and the consequent increase in the production of organic fertiliser
could be shown in terms of changes in internal nutrient flows. This type of quantitative
information inspired farmers to experiment with management practices specifically aimed
at saving nutrients.
Discussion a n d conclusion

This case study shows that after the initial diagnosis it is possible to keep on planning and
implementing experiments with farmers for a considerable amount of time. As an
approach to learning, participatory action research enables farmers to consciously plan
improvements, learn from experimentation and evaluate the results. This case study
shows that farmers are able to significantly improve their soil fertility management,
adopting and modifying new practices and improving the nutrient balances that are used
as an indicator for improvements in the system's sustainability.
Making planning maps and evaluating the activities actually implemented by farmers has
proved to be an important part of the process. During the four years of the programme
farmers gradually started using map making as a management tool, adapting it to their
needs, and using the maps as a guide during the growing season. They recognise that the
maps help them to choose techniques and solutions appropriate to the available farm
resources, and also acknowledge that evaluating past experiences has improved their
ability to set objectives. The maps not only serve individual households, but also play a
role in the exchange of information during the plenary planning sessions for all farmers
from the village. These were organised at the beginning and end of the growing seasons,
with the primary aim of stimulating farmers to take action.
This case study has also demonstrated that the maps drawn by fanners are a source of
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information that can be systematically analysed to provide insights useful to both the
intervention team and the farmers. They can be used as the basis for calculating the ratios
of organic fertiliser used per hectare and for calculating nutrient balances. This type of
quantitative information has added value as it enables farmers to decide where to invest
scarce sources of soil fertility. Nutrient flow analysis provides the factual basis for advice
on how farmers can optimise their soil fertility management strategies.
Having spentfiveyears testing andfine-tuningthe process in Noyaradougou, it is now
time to consider its future. In terms of the investments made in time, personnel and
inputs, it would obviously be too cosdy to repeat similar processes in large numbers of
villages. The only feasible way of scaling up the process is to use farmers' experience to
teach neighbouring villages to adopt action research as a way of changing and improving
agricultural production.
This outiook constitutes a major challenge to farming system scientists, and particularly
extension staff. It also poses a whole new set df questions about how such an approach
would be organised, the potential of farmers' networks to enhance the effective exchange
of information, and the training needs of those who will guide the process along less
intensive lines than have so far been followed. In fact, what is required is the outline of an
extension strategy based on farmers' learning and experience, which will represent a
major shift from current extension strategies, such as the T&V (training and visit) system
widely in use in Sub-Saharan Africa.
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6«30«3 = 540 kg DM grass during the three months that crop residues are grazed. By subtracting the amount eaten
in the farmfields,we can estimate how much is eaten in non-farmfields.The cattle graze on communal pastures
and fallow land for the remaining nine months of the year. The quantity of grass eaten per adult animal during
these nine months is estimated at 6 * 3 0 9 = 1 , 6 2 0 kg DM. While grazing, cattle excrete. Assuming that they graze for
,

twelve hours per day, and a digestion factor of 50%, we have estimated that one adult cow leaves 1.5 kg DM dung
per day on the fields, common pastures or fallow land where grazing takes place. The other 1.5 kg DM dung per
day is deposited in the kraal and is in principle transformed into manure.
17. The N, P, K contents used to calculate the nutrient flows are presented in the table below. Sources: Anon. (1987)
Rapport de recherche de la campagne 1986-1987. Station de recherche de NTarla. Bamako, Mali: Institut
d'Economie Rurale (1ER). Ministère de la Coopération Française (1984) Mémento de l'agronome. Collections
techniques rurales en Afrique. Paris, France. Duivenbooden N van (1992) Sustainability in terms of nutrient
elements with special reference to West Africa Report no. 160. wageningen, The Netherlands: Agricultural Research
Department, Centre for Agrobiological Research. Euroconsult (1989) Agricultural compendium for Rural
Development in the Tropics and Subtropics. 3rd revised ed. Amsterdam: The Netherlands, Elsevier Press.
Stoorvogel JJ, Smaling EMA (1990) Assessment of soil nutrient depletion in Sub-Saharan Africa, 1983-2000.
Volumes I-IV 'wageningen, The Netherlands: The Winand Staring Centre.
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P<%)

K(%)

Produce to residue conversion

factors

Maize
• grain

1.55

0.29

0.35

• straw

1.30

0.13

1.60

• grain

1.85

0.31

0.48

• straw

1.40

0.15

2.09

• grain

1.69

0.26

0.34

• straw

1.30

0.13

1.09

• grain

2.2

0.45

1.06

• straw

1.4

0.28

1.5

• grain

4.83

0.50

0.70

• straw

2.40

0.15

1.48

• grain

4.40

0.39

1.60

• straw

2.30

0.27

0.90

• produce

0.19

0.05

1.30

• residues

0.49

0.60

0.54

Grass from pastures

1.80

0.20

1.70

1,317 + 0 . 9 8 x grain

Millet
107.6 + 4.69 x grain

Sorghum
2,255 + 2.73 x grain

Cotton
-281 + 1.05 x grain?

Groundnut
5 x grain

Cowpeas
3 x grain

Sweet potatoes
0.7 x produce
-

1.3

1.3

•-

Cotton fertiliser

12

946

10.65

-

Cereal fertiliser

15

6.5

10.7

-

Urea

46

0

0

-

0.8

0.128

1.6

-

Household waste

1.5

0.3

1.1

-

Chicken manure

3.2

0.3

0.35

-

Cattle

1.4

0.51

1.1

-

Goat/sheep manure

2.9

1.06

1.06

-

Fresh cattle dung

1.3

0.5

0.4

-

Cotton seed cake

Compost

3.2

a. Applicable for a yield range from 1,000-3,000 kg seed cotton per hectare which is common in southern Mall

18. Adapted from Defoer T, Hilhorst T, Kant£ S, Diana S (1995) 'Analysing the diversity of farmers' strategies'.
ILEIA Newsletter 11(2): 9-11.
19. Adapted from Defoer T, Kant6 S, Hilhorst T, De Groote H (1996) Towards more sustainable soilfertUmp mmw^m.nuiL
Agricultural Research and Extension Network (AgREN) Network Paper 63. London, UK: Overseas Dotete^uBanj
Institute.
20. Most of the options have been suggested by the team and stem from results obtained from long-term tmfimm inreMingifc
other villages.
21. We have not presented the averages of the farm classes because not all the data had bera processed wfeemtffaSs case
study was written. The typical farms were chosen on the basis of the trends in the use of crop residues, amtf
production and use of organicfertiliserpresented in Tables 9 , 1 0 , 1 1 and 12.
22. Crop residues and grass contain a relatively high percentage of potassium.
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